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Executive summary
The AALIANCE Network celebrates
celebrates the fifth year of developing and exploiting Roadmap and
Strategic Research Agenda (SRA) in the field of the Ambient Assisted Living (AAL). After the
first edition of the AALIANCE AAL Roadmap and SRA, published on March 2010, the
AALIANCE Network is working
ng in the context of the AALIANCE2 Coordination Action (FP7(FP7
ICT-2011.5.4,
2011.5.4, Grant Agreement N. 288705, 2011-2014)
2011 2014) on the development of the second
edition that is expected to be published in March 2014.
This document represents the Deliverable D2.5 of the AALIANCE2
AALIANCE2 Project and aims to
develop the preliminary version of the AAL Strategic Research Agenda 2014. During the
preparation of D2.5, a consistent participation of different AAL stakeholders, coming from
the AALIANCE2 Network in Europe and Asia, ensured that the technology projections truly
represent a global view.
Unlike the previous SRA edition, this version strongly considers the current European
economic crises, that is leading to some crucial societal challenges, such as the sustainable
healthcare systems, increasing aging population and longer retirement age. In addition, in
the last three years the ICT market dramatically evolved with the advent of several mobile
electronics devices (tablet and smartphone), web-based
web based services (cloud platforms), medical
me
electronics, consumer robotics, video games that reinforced the landscape of AAL
applications and increased the expanding business opportunities of the AAL market.
The AALIANCE AAL Strategic Research Agenda 2014 introduces a number of changes. It
goes
es beyond the previous AAL application domains, i.e. AAL for Persons, AAL in the
Community and AAL at work, and refers to a new reorganization of AAL domains that are
more appropriate to the current social, economical and political challenges and objectives
objective of
our countries. In response to this issue, the new AAL application domains, clustered at this
stage in three pillars, are Prevention, Compensation and Support, Independent and Active
Ageing. For these pillars, precise stakeholders’ needs and the relative
relative technological gaps
have been identified and shared with the AAL community through different dissemination
and workshop activities.
This document is composed of four main parts. The first part represents an introductive
analysis of the current and future
future situation of elderly population in Europe and of its social
and economic implications for the society (Chapter 1); the second part is an overview of the
main needs and requirements of the AAL stakeholders (Chapter 2); the third part describes
the main AAL
AL scenarios and services, clustered in the three pillars mentioned above
(Chapter 3); the fourth part depicts the main Key Enabling Technologies (KETs), i.e.
Sensing, Reasoning, Acting, Interacting and Communicating, and their research priorities in
short,, mid and long term perspective (Chapter 4).
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1 Introduction
The current demographic statistics and projections relative to Europe and Worldwide show
that the increasing of life expectancy and the reduction of births are inducing a rapid
increasing of elderly population (Figure 1) [1],, occurrence that will upset the social and
economic balances. This aspect was investigated
investigate by Eurostat analysing both the current and
foreseen values of the old age dependency ratio1: these researches highlighted that in
Europe the ratio between elderly persons and workers will pass from the 26.8% (about one
senior citizen to four workers) in 2012 to the 52.6% in 2060 (about one senior citizen to
two workers) (Figure 2) [1].

Figure 1 Population pyramid, EU-27,
EU
2012 and 2060,, percentage (%)
(2012: observed population; 2060: data are projections)[1]
projections)[1]

Figure 2 Projection of young– and old age–
age dependency ratios1, EU-27, 2012--2060, percentage (%)
(2012: observed population; 2060: data are projections) [1]
1

The old age-dependency
dependency ratio is the ratio of the number of ‘economically inactive’
inactiv elderly people
(aged 65 and over) compared with the number of people of working age (in other words 15-64
15
years
old); similarly the young age-dependency
dependency ratio is the ratio of the number of ‘economically inactive’
young people (aged under 15) compared with
with the number of people of working age (in other words
15-64 years old).

File name: aa2_wp2_d2.5_sra1_rev2.0_20130809.docx
Leader contractor: SSSA
Participant contractors: OFFIS,, TUNSTALL,
TU
DTELEKOM, TECNALIA, AGE, ZUIDZO
ZORG

Page 6 of
59

D2.5 – Presentation of the AAL Strategic Research Agenda

This trend will induce in the next years a strong change in the society.
society. Having more persons
in need of help and assistance means to increase costs of the health- and social- cares for
the community but also this burden will rest on less people in work-age
work age[2].
For this reason the communities should plan actions and policies to guarantee the social and
economic sustainability of this new society layout.
The European Union is stimulating its member states to study and adopt social and
economic strategies in order to face the needs of senior citizens,
citizens, their families, and healthhealth
and social- service providers.
providers At the same time in the last decades European Commission is
financing international studies and researches about ageing aiming at analysing both
healthcare and also its socio-medical
socio medical aspects. The Ambient Assisted Living (AAL) Joint
Programme (AAL-JP) is a funding activity born in
i 2008 by European Commission for
promoting researches, services and actions that, thanks to the use of Information and
Communication Technologies (ICT), could improve the quality of life of elderly persons and
make them healthy and active for a longer time
tim [3].The
The key idea is that ICT devices can be
used by elderly persons, informal caregivers and professional service providers for obtaining
the following benefits:
•

to improve the effectiveness and the efficiency of health and social
s
cares of older
people;

•

to extend the independence and autonomy of senior citizens;

•

to improve the life style and conditions of elderly persons and consequently to
enhance their health and quality of life;

•

to favour and to increase the active participation
participation of older persons in
i their
communities;

•

to lengthen the ability of senior people to contribute to the society working in
remunerated and voluntary jobs;

•

to help caregivers and service providers to follow carefully their users, optimising
their time and
d tasks and reducing their care burden;

•

to reduce society expenses related to the early institutionalisation of elderly persons
and cares in hospitals due to deterioration of their health conditions.
conditions

Since 2008 the AAL-JP
JP have funded more than one hundred AAL studies related to five
topics:
1. ICT based solutions for Prevention and Management of Chronic Conditions of Elderly
People
2. ICT based solutions for Advancement of Social Interaction of Elderly People
3. ICT-based
based Solutions for Advancement
Participation in the “Self-Serve
“Self
Society”

of

Older

Persons’

Independence

and

4. ICT-based
based solutions for advancement of older persons’ mobility
5. ICT-based
based Solutions for (Self-)
(Self ) Management of Daily Life Activities of Older Adults
Adul at
Home.
Several of these projects obtained
obtain
interesting and promising results,, however, most of them
were carried out and tested only in small contexts and with a reduced number of elderly
users and service providers,, so their exploitation in real socio-medical
medical care contexts is still
far.
The deployment of the AAL technology is mainly impeded by:
•

the defaults and limitations of some ICT technology that are not optimized for their
use in AAL services;

•

the missing of extensive experimentations of AAL services in accordance with the
current European and national laws and care systems;
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•

the shortage of business models, policies, certifications and standards suited for the
introduction of AAL services and technologies in the real care contexts and market.
market

In relation to this background, the European Commission
Commission funded the AALIANCE2 Project, a
Coordination Action born for analysing these barriers and identifying possible solutions to
favour the exploitation of AAL systems. In particular one of the main objectives of the
AALIANCE2 Project is the definition of the
the Roadmaps and Strategic Research Agenda (SRA)
of AAL technologies and services: these materials suggest the main AAL service scenarios
and key enabling technologies (KETs) necessary in the next years (from 2014 to 2035) to
satisfy needs and requirements and to overcome the current barriers of our ‘ageing’ society.
The study for the Roadmap and SRA definition, carried out by the AALIANCE2 Consortium in
collaboration with a team of multidisciplinary experts of AAL field involved in the project,
followeda top-down methodology (Figure 3):
Phase 1: Analysis of needs and requirements of all AAL stakeholders
- Primary Stakeholders: elderly people, their families and caregivers
caregi
- Secondary Stakeholders: service providers
- Tertiary Stakeholders: industries,
industries etc.
- Quaternary
uaternary Stakeholders: policy makers, etc.
Phase 2: Identification of the main care areas (called also pillars) and AAL service
scenarios to be developed to satisfy
satisfy needs of the society
Phase 3: Definition of the main ICT technologies, called also key
k
enabling
technologies
echnologies (KETs),
(KETs), necessary for AAL service scenarios identified in the
Phase 2.

Figure 3 Scheme of the methodology adopted in
in AALIANCE2 for the development of the AAL Roadmap
and Strategic Research Agenda (SRA)

This document is the deliverable D2.5 of AALIANCE2 Project that represents a preliminary
version of the AAL Strategic Research Agenda. The
The following chapters describe the main
results obtained till now in these three work phases and suggests a possible timeline for the
development of the key enabling technology for the AAL development.
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2 Ageing: Elderly and Societal Needs
In order to design services and technological solutions really effective for the promotion and
support of ageing well in the current and future society, it is fundamental analysing the
necessities and requirements of all stakeholders of the AAL field. In the Roadmap developed
in 2010 by the AALIANCE project,
roject, four main types of AAL stakeholders were identified [4]:
•

Primary Stakeholders (PS),
(PS), which includes users and caregivers (i.e. elderly persons
and their families);

•

Secondary Stakeholders (SS),
(SS) which includes organisations offering services (i.e.
service providers);

•

Tertiary Stakeholders (TS),
(TS), which includes organisations supplying goods and
services (i.e. industries producing AAL technologies)

•

Quaternary Stakeholders (QS) - organisations analysing the economical
economic and legal
context of AAL (i.e. policy makers, insurances, etc.).
etc.)

During AALIANCE2 project a preliminary study for identifying
i
the needs of the AAL
stakeholders and of the society was carried and its results are described in the following
sections. It is important to clarify that the following considerations are not exhaustive
because the ageing is a theme very complex with a huge number of aspects to be
considered, however the following dissertations show an overview of different perspectives
of the societal
etal challenges related to the ageing.

2.1

Primary
Stakeholders:
Caregivers

Elderly

Persons

and

In AAL field the primary stakeholders are considered elderly persons and caregivers, that
are the main users and target of this research field. In the last years all
a around the world it
is increasing the attention about older people, their conditions and necessities, their burden
and also their potentiality for the society. Furthermore it is emerging the importance of
caregivers, that have a key--role in the older persons’
rsons’ care and management, but also the
burden related to the assistance activity and its often negative implication the person life.
Here it follows a brief analysis of the necessities and AAL challenges related to primary
stakeholders.
Frailty of elderly persons
The ageing
geing causes a physiological decline of motor and cognitive abilities in elderly persons.
Even if the decay entity depends from each subject and context, these biological changes
make senior persons more vulnerable in daily life from several
al points of views:
• Health weakening: senior persons are more subjected to pathologies that often
become chronic worsening permanently their health
• Frequent accidents:: frequently these deficits cause accidents that induce a
temporary inability and
nd require a long recovery time
• Insecurity: some elderly subjects, perceiving their vulnerability, fear about possible
diseases and accidents and so require more attentions and helps compared to their
real needs
• Loneliness:: the role of the family in the management of elderly people is strongly in
these years; in the 20th Century the family was the first care provider for older
persons because it was made of several components (not only first relatives but also
distant relatives such as cousins and uncles), living close,
e, that took care each other
providing help according to their abilities and possibilities; today the family is smaller
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•

and often their members live far from their senior parents so often these elderly
persons live alone and cannot count on the help of their
the family
Elder maltreatments:
maltreatments
studies commissioned by World Health Organization
highlighted that in Europe annually about 4 millions of elderly people are subject to
maltreatments and abuses by their caregivers that often cause premature deaths
[5];; this phenomenon is caused by excessive burden and stress of the caregivers
related to the care of older persons
person that induce this negative psychological
derangement versus senior users.

Isolation of elderly persons living alone in rural areas
The Europe is a very variegated territory
made of big metropolitan districts and also
several and wide rural areas (see Figure 4).
These geographical
eographical differences influence the
access to services for citizens and in
particular elderly subjects. Usually persons
living in small villages, farmsteads and
chalets should move for dozens kilometres
using public transports or private cars to
reach the
e closer city and benefit of shops
and other services of the society [6] whereas
people living in cities are more facilitated in
enjoying health and socio-medical
medical services.
For this reason senior people living in rural
areas, that
hat cannot move easily outside their
homes, are highly at risk of isolation.
Currently elderly needs are satisfied thanks
to the help of family and friends and also
some voluntary work and local services
organized by the single community. However
these forms
ms of support are not sufficient to
cover the request of support of all senior
persons living in rural context.
Figure 4 Map of rural population density in Europe
(developed by Eurostat and Euro Geographics
Association in 2010 [7]). Red areas:
predominantly urban regions; Yellow areas:
intermediate regions; Green areas:
predominantly rural regions.

Purchasing power of elderly persons in the contexts of public and private
healthcare
The current economic
nomic crisis is having different effects among European countries. Eurostat
studies [8] show that in 2011 the 20,5% of EU27 elderly population is at risk of poverty or
social exclusion but this value increases strongly in the European
European countries more suffering
from the economic crisis such as Bulgaria (61,1%), Romania (35,3%), Greek (29,3%),
Portugal (24,5%), Italy (24,2%) and Spain (22,3%). Considering that most of European
countries are reducing funding for healthcare and socio-medical
socio medical services, in the next years
the impoverished elderly persons will risk the social isolation and the worsening of their
health and quality of life [9].
[9]. For this reason it is important that AAL industries and policy
makers should organize socio-medical
socio medical systems and services in order to compensate this
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economic weakness and guarantee the right of senior citizens to be cared and live
perceiving an adequate quality of life and health.

Figure 5 Elderly woman at market

Social active elderly
The current European and worldwide demographic trend shows that the population over 6565
years-old is increasing [10]because
[10]
of the extension of life
ife expectancy [11]. So elderly
persons live more years after their retirement in which they are healthy and want to be
active. The active ageing is an important challenge for all communities and policy makers
that should be faced and resolved for allowing elderly citizens to be still active in the society
life and to contribute to the grow and welfare of the communities. About this topic in 2011
the European Union and AGE Platform expressed the following
following consideration:
«The
The solution to the challenges arising from a rapidly rising share of older people lies
largely in promoting active ageing. The goal is to create more opportunities for older
people to stay longer in work, to contribute to society as volunteers and carers and to
remain independent for as long as possible.»
possible. [12].
Ageing and working
The current demographic and economic contexts are inducing the society to change the
work structure and delay the retirement[12].
retirement
. Today most of persons older than 60 years are
healthy and active and so they are potentially able to even contribute to the economic
growth. Att the same time this approach could allow to manage better the community costs
related to the pensions. For these reasons, several countries are working to update their
laws and regulations related to retirement. However, beyond the legal authorisation to work
longer, the policy makers should promote and encourage also prevention actions
act
in favour
of the ageing workforce for preserving the workers’ health, maintaining their work abilities
and delaying their retirement[12].
retirement

Figure 6 Examples of elderly persons at work
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Informal caregivers
The first level of care to elderly people is usually provided by informal caregivers, that are
unpaid persons (family members, friends, neighbours, etc.) or private caretakers generally
having not professional experiences in healthcare and socio-medical
socio medical services. Thanks to
them senior persons can continue to live at home in a friendly environment [13].
In the majority of EU countries, informal caregivers compensate on average the 60% of
care requests [14].. These subjects manage a wide variety of tasks, from the health care
and therapies to ADL and IADL activities (bathing, dressing, cooking, cleaning the house,
etc.) [15].. However in most of cases informal caregivers
caregivers are abandoned by society and
health system that don’t provide them with a concrete support. Caregivers are hidden
patients themselves, with serious adverse physical and mental health consequences from
their physically and emotionally demanding work as
as caregivers and reduced attention to
their own health and health care [15].. Caregivers who attempt to balance caregiving with
their other activities, such as work, family, and leisure, may find it difficult to focus on the
positive
itive aspects of caregiving and often experience more negative reactions, such as an
increased sense of burden [16] [17] [18].. On the other hand, employment provides some
som
caregivers respite from on-going
going care activities and serves as a buffer to distress [19] [20]
[21].. For these reasons, it’s necessary to revolutionize the healthcare system
s
in order to
provide new AAL tools and services to help informal caregivers in managing elderly persons’
needs and in making the most opportune and proper decisions. These services should allow
caregivers to reduce their direct care time and at the same
same time to monitor users’ status
remotely. In this way they could perform different activities, not feeling the guilt in having
left alone the patient. Furthermore a smart system for the decision support might be useful,
also, in order not to feel the caregiver
caregiver alone in patient management and especially during
critical and dangerous contexts. This could improve the relationship with the doctor, which
can be constantly in contact with the informal caregiver and support him/her in order to
provide the more appropriate
propriate and efficient cares to the elderly person.

2.2

Secondary Stakeholders: Care Providers

In AAL the secondary stakeholders
takeholders are all organisations offering services supporting the
elderly persons in their life. They are mainly:
•

Public and private service providers supporting elderly persons at their homes

•

Public and private service providers following elderly persons 24 hours per day at
nursing homes and similar institutions

•

Voluntary associations providing services periodically or occasionally at elderly
homes.

Care providers and Home--care
The public and private service providers specialised in home-cares manage and organise
teams of formal caregivers and socio-medical experts that follow and supply services to
older persons recommended by the public welfare systems and users’ families. These
services are requested when elderly persons have no-severe
severe health conditions,
conditions live alone
but their relatives cannot take care frequently of them.
In the home-care, formal caregivers help elderly persons in specific and planned ADL and
IADL tasks, such as cleaning the house, doing shopping, keeping company and
accompanying elderly users to go for a walk outside, to go to medical visits or other
services [14]. However the frequency of this kind of support varies from
om few hours per week
to all days according to the specific user needs and the monetary resources for the services,
services
paid by public system, insurances or privately by elderly users and their families.
families
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The home-care allows senior
nior people to be cared staying at their home,
home avoiding the traumas
for them and their family related to the institutionalisation. In
n the last years the request of
home-care is increasing so quickly and exponentially that current service providers are
encountering
untering several problems to satisfy efficiently all these requests[13]
requests[13].
For this reason it is emerging the necessary to rearrange socio-medical
medical service structure in
order to allow formal caregivers to help more frequently elderly
elderly subjects and to be more
present in their daily life,, and to integrate their work with the other societal services and the
support provided by the elderly relatives.
relatives The AAL could be the right approach to renew the
current services and convert them in AAL home-care (Figure 7) because,
because thanks to ICT
technologies:
•

formal caregivers can monitor older persons conditions always and contact them
both through direct visits and remote calls (tele-cares) increas
ncreasing in this way their
presence in the users’ life;
life

•

furthermore
urthermore AAL technologies could allow the integration and coordination between
all other actors of the home-care,
home care, that are the elderly family, the municipality, the
shops, the clinicians, etc.

So these AAL services could become tools for enhancing formal caregivers actions and not
to substitute them in elderly persons’ daily life.
However to be very effective and efficient, AAL devices and services should be designed:
designe
•

to have devices really
ally usable by formal caregivers and elderly users independently
by their feeling and attitude with technologies;

•

to provide right and reliable information about the health and daily status of senior
users and be alerted in case of necessities;
nec

•

to allow the provision
sion of preliminary support to elderly persons in case of dangerous
situations;

•

to create a network between all agents related to elderly persons’
person life (relatives,
clinicians, shops, municipalities, recreational associations, etc.).
c.).

Figure 7Scheme of AAL home-care
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Care providers and Long-term
term cares
Generally long-term cares are requested by elderly persons when their condition is complex
and difficult to be managed.. In most of cases senior
enior users suffering from severe diseases
are not anymore autonomous
ous and independent and they need continuous cares and
monitoring. Unfortunately older people cannot always count on the support of their families
because sometimes the situation is very complex (for example in the cases of advanced
Alzheimer’s and Parkinson’s diseases) and they have not the skills and the resources
re
to
manage the elderly care. For this reason often relatives choose to transfer the elderly
persons in institutions devoted to senior cares as nursing homes in which they live together
with other persons having the same conditions and are followed by
by a team of professionals
that take care of them 24hours per day.
This type of long-term care is complete and potentially very effective because it satisfies all
the elderly necessities,, however it has also some drawbacks:
•

Care costs
The long-term care inside
inside nursing homes is very demanding in terms of professional
workers’ hours and environmental infrastructures so it is enough expensive and for
this reason only a restricted number of senior users have the possibility to enjoy it.

•

Variety of elderly users and complexity of care
Inside nursing homes older users with different characteristics, pathologies and
necessities live together and this feature complicate strongly the work of
professional caregivers that should take care of all of them and in a personalised
perso
way; this context induce a heavy burden in caregivers work.

Considering that in the next years there will be both the increase of older population and at
the same time also the extension of life expectancy, long-term care by service providers will
be more and more requested[2].
requested
A possible answer to this extended demand of long-term care is the combination of senior
housing and nursing homes [2],
[2] [22].
The idea of senior housing (called also sheltered housing and assisted living facilities) is
based on smart apartments designed to be suited for elderly persons needs and connected
with a central service provider situated in the same building. According
ccording to the necessities
nece
of
the single person, the professional caregivers provides older person specific services and
monitors continuously his/her health condition but at the same time, they respect user’
privacy and independence[23]
[23]. This approach
roach is the transition between home cares and
nursing home cares and allows to delay the need of nursing home and limit it to extreme
cases.
However in both contexts of senior housing and nursing home, service providers should
enhance the work conditions of formal caregivers providing them the right and effective
tools to manage this huge request of long-term
long
care.
AAL devices could allow service providers to follow efficiently more elderly users and assist
them in daily life. In particular AAL technologies should satisfy particular necessities of
service providers:
•

Nursing homes context
o

to helping in monitoring
monitor
elderly users’ health and to alert
lert immediately in case
of dangerous changes of users physiological parameters;

o

to localize users inside the nursing home building;

o

to recognize immediately dangerous situations and behaviours (i.e. presence
of water on bathroom floor and user agitation during the night);
night)

o

to monitoring the taking medicines in the right doses and time;
time
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•

o

to support the frequent execution of motor and cognitive rehabilitative
exercises for improving health status of senior guests;
guests

o

to help caregivers in ADL tasks for the older persons.

Senior housing context
o

to monitor health conditions of elderly persons;

o

to localize users in outdoor environments;

o

to recognize activities carried out by the older users;

o

to monitor and support the taking drugs and rehabilitative therapies;

o

to recognize immediately dangerous situations and behaviours (i.e. presence
of water on bathroom floor and user agitation during the night);

o

to facilitate the house care;
care

o

to favour the social inclusion of the elderly persons and the involvement in
activities of the community life.
life

Voluntary associations providing services periodically or occasionally
occasionally at elderly
homes.
In Europe voluntary associations have a fundamental role in the socio-medical
socio
cares of
elderly citizens [24].
Several
everal countries, especially those from Mediterranean
Mediterranean area and East Europe, have reduced
their budget for socio-medical
medical service because of the current economic crisis. For this
reasons their social care infrastructure is becoming more and more linked to the work of
informal caregivers and volunteers thatt could support frail and poor citizens, like older and
disabled persons[25].
Currently the main jobs of volunteers related to elderly care are keeping company,
organizing cultural and social activities for senior users in leisure
leisure centres, accompanying
older persons outdoors for visits and specific services (i.e. to doctor),
doctor) doing shopping,
taking care of senior house, etc. However their work generally is not so frequent (few times
and hours per week).
In the future voluntary work
rk is going to be more and more requested so it is important to
provide volunteers tools and systems, economically affordable but able to optimize their job
and make it more effective without using expensive resources.
AAL technologies could be used in this
thi direction because they could allow voluntary
associations:
•

to efficiently organize their actions and coordinate their volunteers;

•

to be in touch with their elderly users more frequently thanks to video-visits;
video

•

to be alerted promptly if dangerous events happened
happened and older persons need an
unplanned help and intervention.

Figure 8 Example of voluntary worker helping an older man in shopping
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2.3

Tertiary Stakeholders: Industries

The tertiary AAL stakeholder category mainly includes suppliers of ICT and ageing solutions
that, driven by commercial and profit interests, develop B2B (business to business) and B2C
(business to consumer) models. The main suppliers could be listed as [26]:
[26]
•

research centers close to commercial actors, that focus on R&D&I activities with
mid/short term deployment and offer access to pilot sites for real testing;

•

enterprises that produce and commercialize ICT devices and solutions for ageing well
applications;

•

service providers that integrate solutions into their services;

•

enablers of infrastructures with ICT features, such as telecommunication, cloud,
transportation, etc. providers;

•

solution packagers and system integrators;
integrato

•

distributors and vendors.

The rising demand for sustainable healthcare systems, increasing aging population and
longer retirement age have increased the importance of AAL developments, services and
products.
The growth of medical electronics market (Figure 9) is leading to the need for better
understanding of the technical challenges associated with medical electronics
manufacturing. These challenges concern not only materials and components, but also
methods, mainly focusing on personal medical electronics that is favouring
favo
a shift towards
home or patient centric health care and promoting a very rapid growth in personal
healthcare monitoring, diagnostic and preventative
preventative medical electronics. It is estimated that
medical electronics equipment production will increase from the $91Bn in 2011 to the
$119Bn in 2017 with an average rate of 4.6% per year [27].

Figure 9Prismark estimation of medical market size[27]
size[27].

Particularly the EU smart home market is estimated to grow from $1,544.3 million in 2010
to $3,267 million in 2015 [28].
[28]. Nowadays smart homes have already started attracting
architects, developers and device manufacturers that are facing the challenge to reduce
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costs and to adopt ICT technology in order to enlarge the future market. Furthermore, with
the active participation
on of stakeholders in developing new and improved standards in smart
home, this market is expected to grow at a good pace in the next years [29].
The developments in portable medical technologies, patients' preference for in-home
in
care
and the necessity to reduce hospitalization costs are driving growth in home care services.
In the health industry the segment of home care has grown considerably during the last few
years and will continue to grow even more in the future with a predicted
predicted rate of 20% per
year [30].. Companies involved in this segment usually provide skilled nursing and other
health care services (such as medical equipment, supplies and medication), therapeutic
services (physical and respiratory
piratory therapy), personal care services (such as bathing and
transportation), and psychosocial services (including counselling and spiritual care) to
patients in their homes. This services foresee a so strong cooperation between hospitals,
home health agencies
gencies and end-users,
end users, that is leading to other forms of care in different
environments (mobile care) with end-users
end users more and more key player (self-care).
(self
Indeed,
the mobile internet, easier-to
to-use
use interfaces and broader features and capabilities of the
mobile devices enable end-users
users to manage personal customizable healthcare services that
have the great potentiality to exploit the customer interaction and reduce costs.

Figure 10Sotera Wireless introduces the ViSi Mobile Patient Safety System, a wireless
platform for comprehensive vital signs monitoring that keeps clinicians connected to their
patients, whether in bed, in transport or while ambulating.

In addition to these issues, the home healthcare industry is also testing tele-homecare
tel
and
tele-monitoring
monitoring services, that represent a valuable opportunity to balance quality care with
cost control. By using telephone, satellite, and Internet-based
Internet based communication, these
services allow medical care professionals to stay in touch with patients without travel to the
patient’s home.
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Figure 11 Implementation of a Tele-Homecare
Tele Homecare System with Service Oriented Architecture

[31].

In this context, the Wearable Wireless Device Market is similarly growing with the
advancement of wireless communication technology – either using short range or cellular.
Nowadays wearable devices have such form factor that can be worn without restriction or
discomfort during any daily activity. An ABI Research’s study foresees that the number of
wearable devices in 2017 will share 22% of the home monitoring market – 8 out of 36
million devices [32].
In response to these issues, the Bureau of Labor Statistics predicted that the occupations in
healthcare will dramatically change. Indeed Nurse Practitioners (NPs) and Physician
Assistants (Pas) will likely fulfill a substantial amount of future demand for care and are
projected to respectively increase of 94%, from 128,000 in 2008 to 244,000 in 2025 [33],
and of 72%, from 75,000 in 2010 to 128,000 in 2025 [34].. This will led to several
implications for quality of care and for the configuration of future cost-effectiveness
cost
care
delivery systems, that will be bounded by the need for information technology through
medical sensing and patient monitoring and hopefully by the containing the ever increasing
costs of healthcare.

Figure 12Bureau of Labor Statistics, pub in CNN/Money.com[35].
CNN/Money.com
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2.4

Quaternary Stakeholders: Policy Makers

The quaternary stakeholders are all public and private agencies and entities
entit
(such are
policy-makers
makers and insurances) than could politically and economically influence the future
development of and exploitation of ICT for ageing market in the society. In fact the real use
(exploitation, diffusion) of AAL in the community life will
will depend on these subjects that
should take decisions and act to update the current public and private structures of healthhealth
and social-cares
cares and society for the adoption of AAL approach in services’ provision. So
several challenges are related to these stakeholders.
s

Reduction of funds for socio-medical
socio medical services & Public Healthcare versus Private
Healthcare
Health care can be provided mainly in two different ways: public health care and private
p
health care. The former is usually provided by the government through national healthcare
systems. The latter can be provided through “for profit” hospitals and self-employed
self
practitioners, and “not for profit” non-government
non government providers, including faith-based
faith
organizations.
In Europe
rope there are three models of health applicable: in the first, the service is provided in
full by the State, in the second one, the service is rendered by the State, but also by
individuals affiliated with the state itself, and the third one, in which the citizen is obliged to
law, to make privately. Sometimes it is argued that the private health care system is more
efficient, accountable and sustainable that the public sector which is however considered to
provide more equitable and evidence-based
evidence
care. As
s a matter of fact private health care can
create inequities in access to health care resulting from the inability of the poor to pay for
private services[36].
The economic crisis of the recent years increased the number of citizens
ci
in precarious
economic situations and among different factors it involved also the health care systems. As
a matter of fact, in order to face the economic crisis policy makers might have to increase
or decrease the expenditure on health involving also
also citizens. The European countries
responded to the financial crisis in different ways, trying in any case to preserve the health
care services. In some cases they tried to protect the budget for the health care, making
some cuts in other sectors, in other
other cases they reduce the costs for hospital and
pharmaceutical sectors.
In any case, cuts could be done to the benefits package and the service provided to people
covered by the state or to the group of persons covered by the state. In both event this
would have consequence on people who need care and assistance. As a matter of fact
some countries decrease the extent of coverage by making stricter limit for the access to
the services and/or increasing the charges for some health services. These solutions have
ha
strong consequences on citizens, especially to people with low incomes and elderly persons,
who often need care and assistance.
It is thus necessary to find solutions that will allow to face the economic crisis but allowing
to people to keep their rightt to have health care services. In this sense, tele-care
tele
and telemedicine become fundamental tools for the management of public health, and constitute a
guarantee access to health services, even in the case of centralization of facilities and
competent figures[37].
Overcome barriers for the spreading of telemedicine
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Among the different definitions of telemedicine, the World Health Organization uses the
following description to define it:
“The delivery of health care services, where distance is a critical factor, by all health care
professionals using information and communication technologies for the exchange of valid
information for diagnosis, treatment and prevention of disease and injuries, research and
evaluation, and for the continuing education of health care providers, all in the interests of
advancing the health of individuals and their communities”
Telemedicine represents thus a good solution for helping communities traditionally
underserved, like those in rural or remote
remote areas. Moreover it provide socioeconomics
benefits to patients, families and health system, improving the health care services and
enhancing access, quality, efficiency and cost-effectiveness[38].
cost
. Telemedicine could thus
reduce
educe hospitalization, allowing people to stay at home being still monitored and with the
possibility to always ask for help and suggestions.
Telemedicine is starting to be used especially in industrialized regions, but the spreading in
the application of telemedicine is linked to the overcome of some barriers. As a matter of
fact it would be necessary a reorganization of the health care system in order to provide the
necessary systems and support to let the telemedicine work. It is important to have
systemic
ic interventions that cover all the possible fields, from clinical and technological
aspects up to ethical-legal,
legal, professional and economical ones. In particular confidentiality,
privacy, access and liability need to be instituted[38].
Furthermore it is necessary to have robust infrastructures and effective structures to make
the telemedicine work. As a matter of fact, in order to transfer data, images and signal a
good technological support is needed [39].
Broadband everywhere
One of the aims of the Digital Agenda for Europe (DAE) is to help European citizens to get
the most out of technologies and among other targets it has established some broadband
targets for Europe. In particular objective of the Agenda was to provide basic broadband
coverage for citizens by 2013 and broadband speeds of at least 30 megabits per second by
2020 [40].
Broadband will enable a faster file transfer and video streaming applications. Furthermore a
good broadband access will allow high quality real time collaborations and the use of
multiple application at the same moment.
Thanks to broadband more services could be possible that would allow to help elderly and
disabled people. Moreover they could help connecting also persons
persons living in rural areas. In
this way it would be possible for them to be connected to other people avoiding isolation
from the society.
As a matter of fact broadband would enhance participation in society for citizens with
disabilities or disadvantages, facilitate the connection between citizens and government
enhancing access to government services and communication between them.
Moreover broadband would enable telemedicine, improving the quality of medical care and
allowing to have a continuous access to medical services and persons able to help patients
[41].
Through broadband also other services will be possible such as telework and access to
information and services. In this way also citizens with disabilities and impairments
impairm
could
keep on being connected to work and other functions, allowing them to live their own life.
Mobility and isolation in Smart Cities
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In the last years there was a progressively movement to urban areas: in 2010 more than a
half of the population live
ive in an urban area and it is going to increase coming to 2050 when
7 out of 10 people will live in cities[42].
cities
The concept of smart cities is very large, but can be treated by imagining a scenario in
which the technology has the role of a tool for the improvement of quality of life, especially
for the elderly population.
These cities should provide facilities and services to support the citizens well-being
well
and,
with particular attention to elderly and disabled people. Among other
other things, facilitation for
elderly persons should be added, encouraging them to stay active and thus allowing cities to
become “smart”. Basically the cities should adapt their structures and services to make
them accessible to everyone, including the elderly,
elderly, even with different needs and abilities.
In order to improve mobility and degree of independence of people, both elderly and disable
ones, barrier-free
free buildings and good sidewalks should be developed. To allow people to
"live" their city, it is important
rtant that the city itself does not place limits to be discovered and
understood. Each resident must have access to any kind of structure and service, and thus
constitute real integration with the environment in which he lives.
Technological solutions should
ld be adopted in order to make people moving in an
a easier way
through the city and avoid thus the isolation. Technology should become part of everyday
life helping people in doing their activities, should thus become pervasive. For example,
technological solutions
olutions can help people, in particular elderly and disable ones, in moving
across the city, making more easier to be involved in and part of the community[43].
community
Support to private care (provided by family members and by external
extern caretakers)
Most people would prefer to keep on living at their own place having the possibility to
choose between care in an institution or at home. Moreover services in patients’ homes
should result more cost-effective
effective than in institutions, particularly
particularly if informal care (Home
care across Europe). Furthermore families and other informal carers prefer strongly to
continue to care for their dependent family members in a friendly environment[13].
environment
In the majority of EU countries, informal caregivers provide a great deal of the care needed,
estimated at 60% of the total, on average[14].
average
. The terms family caregiver and informal
caregiver refer to an unpaid family member, friend, or neighbour who provides care to an
individual who has an acute or chronic condition and needs assistance to manage a variety
of tasks, from bathing, dressing, and taking medications to tube feeding and ventilator care
[15]. Health professionals’
als’ lack of explicit attention to caregivers is a serious gap in health
care in light of the more than two decades of research that documents the potential hazards
of family caregiving. Caregivers are hidden patients themselves, with serious adverse
physical
cal and mental health consequences from their physically and emotionally demanding
work as caregivers and reduced attention to their own health and health care[15].
care
Caregivers who attempt to balance caregiving with their other activities, such as work,
family, and leisure, may find it difficult to focus on the positive aspects of caregiving and
often experience more negative reactions, such as an increased sense of burden[16],
burden
[17],
[18].. On the other hand, employment provides some caregivers respite from on-going care
activities and serves as a buffer to distress[19],
distress
[20], [21].. For these reasons, it’s necessary
to revolutionize the healthcare system in order to provide decision-support
decision
tools and
management to caregivers. These services must be able to allow remote monitoring of the
patient, so as to allow the
he caregiver to be absent from continuous assistance. This would
allow the caregiver to perform different activities, not feeling the guilt in having left alone
the patient, continuing to monitor remotely. A decision support might be useful, also, in
order not to feel the caregiver alone in patient management. This would improve the
relationship with the doctor, which can be constantly in contact with the caregiver. In this
way, the patient would no longer be forced to go personally to the doctor, but his health
h
could be managed remotely through the active role of the caregiver.
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Optimization of resources (funds, worker time and worker number)
The use of services and technologies in the field of social health, and the reorganization of
the system in the lightt of these elements can lead to several benefits for both the patient
and the doctors, and for the system as a whole. Specifically:


Improving the quality of life of the patient,
patient, allowing the elderly to stay in touch
with friends and family in their own home
home environment, or at least as close as
possible to their home. It’s possible to reduce the cost and inconvenience to patients
due to prolonged hospitalizations and commuting between home and hospital; to
provide home performance similar or better than those
those provided in hospital; to
enable the elderly independent and responsible, but at the same time follow-up
follow
and
make him feel secure (not left!), noting immediately changes in the patient's clinical
situation involving changes in therapy or hospitalization; to allow the patient to have
specialists regardless of the place where he lives.



Facilitate and improve the quality of work of doctors and nurses:
nurses the
reorganization of the system can make available to the doctor all existing
information of the patient (relating
(relating to admissions in different hospitals who had
previously in managing the patient) and allow them to send and to quickly browse
specialists around the world; it can reduce unnecessary administrative work and
allow safer management and organizing and presenting
presenting information, and to
guarantee security and privacy in the exchange of sensitive data;



Increase the efficiency and productivity of the health service:
service it’s possible to
reduce costs to the health service of prolonged hospitalization or unnecessary and to
help adapt health care for coping with situations abnormal or emergency, such as
the influx of a large number of people in an area Limited (disasters, tourism, special
events, etc.).

However, while this kind of services is involving a greater number
number of specialties care,
government policies and reimbursement issues are holding market development. Although
some countries have officially authorized the use of telemedicine, for example, these
standards do not are spreading throughout the Union European Union because of the
disparity between the laws of different countries. It is therefore necessary to obtain uniform
standards and spread at European level to simplify the process of penetration in the market.
It should also be noted that in the health care cost containment on one side and the parallel
increase in the quality of performance on the other, as well as the reduction of the lists
waiting, have emerged as priorities, not easily reconcilable. In this context, ICT represents
an interesting opportunity
ty for the health system to define a better trade-off
trade
between the
highest quality of services, which are increasingly in demand, and the necessary efficiency
and prudence in the use of resources available. In other words, they represent the ability to
move forward the curve supply, facing in a more efficient and effective demand growth
health care and associated costs of production performance, while preserving the needs of
social equity [39].
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3 AAL Pillars and Service Scenarios
The AALIANCE2 Project aims to define the main application domains, where Ambient
Assisted Living technologies could positively impact on the Quality of Life of ageing
population. Starting from a consistent analysis of end-users
end users needs, the three Pillars,
P
that
cover the main aspects of elderly people’s live, are “Prevention”, “Compensation and
Support” and “Independent and Active Ageing” (Figure 13).

Figure 13 Scheme of the three Pillars of AALIANCE2 project: Prevention, Compensation and Support,
and Independent and Active Ageing

These three Pillars are complementary and at the same time overlapping, because the
boundary among them is often very thin. They are all important in order to help people
staying healthy and be part of the society, not a burden for it. Technologies could provide
solutions to old persons increasing their capacity to adopt these concepts.
As a matter of fact, the
e Quality of Life of elderly could be improved by the adoption of the
Pillars.

Figure 14 Graph about the model of quality of life during the ageing and the potential effects of AAL
service scenarios related to the three AALIANCE2
AALIANCE2 Pillars

Figure 14 shows how the Pillars could contribute to increase the perceived Quality of Life.
The light blue line represents the standard QoL, it would decrease after a certain age due to
morbidities and disabilities related to age. The blue line shows how the QoL could be
influenced when some prevention activities are made in order to delay or reduce the
morbidity. Finally the QoL start decreasing even later (red line) in case that some actions
for the compensation
ompensation or support are done. All these actions can be supported by
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technologies that can help people doing some activities that aim at improving the perceived
QoL.
Through these Pillars elderly people should become a resource for the society, being
involved
olved in it and improving their QoL.

3.1

Prevention

Prevention can be defined as the “action to reduce or eliminate the onset, causes,
complications or recurrence of disease” (National Public Health Partnership, 2006). Four
kinds of prevention can be identified,
identified, according to which step of disease it is applied at.
Primary prevention consists of activities that can help avoiding a specific disease or health
condition. These interventions aim at eliminating or reducing the factors considered as a
cause of the onset
et of the disease (National Public Health Partnership, 2006).
Secondary prevention aims at delaying the onset of significant morbidity when a disease or
serious risk factor have been already diagnosed. This kind of prevention pointed to
asymptomatic individuals
duals with early disease or established high risk factors (Prevention for
a Healthier America, 2009).
Tertiary prevention concerns persons that have already the disease and aims at limiting the
progression of the disease, limiting the complications and the disabilities. This kind of
prevention aims at reducing the impact of the disease on patient life.
Finally there is quaternary
rnary prevention.
prevention. In this case persons cannot be considered properly
as patients, because they do not have any disease, but feel like having it. Here prevention
aims at reducing an excess use of unnecessary medical procedures and medicine.
In the AALIANCE2 Roadmap, the Prevention Pillar focuses mainly on the primary and
secondary prevention. In both cases AAL technologies and services have the potentiality to
avoid a specific disease or delay the onset of morbidities and, as consequence, to preserve
a stable Quality of Life.
Example of primary prevention are:
• brain training program for preventing decline of cognitive functions and dementia;
• physical activity stimulation;
• social participation in the community.
Example of secondary prevention are:
• physical activities
ivities in case of people that already have chronic diseases, i.e. CVD;
•

early diagnosis of diseases, i.e. Parkinson;

•

healthy diet: a higher-quality
higher quality diet is associated with a lower risk of recurrent chronic
diseases, such as cardiovascular, diabetes, etc..

In the AALIANCE2 Roadmap different ICT solutions are described for helping elderly people
doing prevention activities. In particular the following application fields are analysed:
• prevention at work;
• falls prevention;
• prevention of neurodegenerative disease
disease (Parkinson’s disease, Alzheimer’s disease,
dementia);
• chronic disease (cardiovascular disease, COPD, Diabetes)
• domestic risks prevention.

Scenario 1: Prevention @ work
Bob is 62 years old. He works as specialized workers in company that produce motorbike.
He has to supervision the job made by other workers following the production of
mechanical components of the motorbikes. He suffers from diabetes mellitus and he had a
hernia when he was younger, so he cannot spend too many times stood.
Bob’s company
mpany has adopted an innovative solution for monitoring the health status of its
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workers, based on several environmental sensors. This monitoring system measures
parameters such as temperature, humidity, level of foul air, excessive presence of chemical
agents
ents in the air and acoustic noise level. On the other hand employees wear smart
watches able to measure temperature, blood pressure, pulse and blood oxygenation of the
specific worker knowing also where he/she is.
In the case of Bob the company has provided
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
back is supporting a too high load, the band gives an alert
to him so that he can go to his desk,
des have a rest and do some stretching
tching exercises and
then continue to work from there.
Thanks to all of environmental
vironmental sensors, also the Bob’s work environment is kept
k
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
wor
like Bob are
done so to preserve workers 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
efficiency and profitability.
Stakeholders
Bob and other workers (PS), company managers of safety and security area (SS),
industries of environmental sensors and wearable medical sensors (TS), policy makers
establishing rules for safety and security of employees in working environments (QS).
Key Enabling Technologies
Sensors for monitoring environmental parameters, wearable medical sensors, smart
sensors for posture monitoring.
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 during it. In her apartment is installed a
monitoring system that follows her during daily activities and recognize if she is ok or she
is in a dangerous context and needs help.
Today she wants to clean the apartment and in particular she would like to wipe the
bookcase. In order to clean she decides to use DOMO, her assistant robot. By wearing a
special dress she can tele-operate
operate DOMO so it can do the entire job for her avoiding
dangerous situations (i.e. climbing on stepladder). Furthermore thanks to special glasses
she can see what DOMO see even in the highest shelf so she can be very precise in guiding
DOMO work. By simulating the movements she controls the arm of DOMO so that it cleans
the entire shelf by first removing the things from 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 avoiding to slip. The system recognizes a wet
place and immediately sends DOMO to dry it.
Now Helena can go to kitchen and have a snack without the danger of slipping on the floor.
Stakeholders
Helena (PS), industries
dustries developing sensors and assistant robots (TS)
Key Enabling Technologies:
environmental monitoring system, ambient intelligence for the recognition of dangerous
situations, assistant robot, learning processes, glovesgloves
and glasses-interfaces
glasses
for
augmented reality
Scenario 3: Parkinson’s disease
Sonja is 77 years old. Sometime ago she was diagnosed with Parkinson’s disease and so
she started all the relative care protocol. Despite the disease she still lives alone in her
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house because her apartment is “smart”. The house is provided with sensors that follow
her in daily activities. This smart flat is able to understand when there are some problems
and alerts the caregiver who can directly contact Sonja for asking what is happening
ha
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. To do rehabilitation she wears her special
special tracksuit and starts doing the
exercises that the physiotherapist and her doctor ordered. Thanks to the tracksuit her
movements are taken under control because the range of her movements and the tremor
are measured and sent to the physiotherapist that can evaluate possible changes in her
motor abilities and consequently update her therapy.
Every afternoon, after the exercises, Sonja has to prepare herself because she has an
appointment with her friends for an online card game. Playing cards with her friends
f
makes
her feel good, because of the chatting during the game and because of the fun.
Stakeholders
Sonja (PS), physiotherapist and doctor (SS), industries developing smart environmental
sensors, medical tools for rehabilitation monitoring and devices
devices for the online card playing
(TS)
Key Enabling Technologies
smart environmental sensors, home network, tele-care
tele care product and smart dress
(tracksuit), advanced reasoning system for the recognition of human inputs, daily activities
and behavioural and context
ext anomalies, Ultra-wideband
Ultra
Scenario 4: Modular and adaptable point of care
Jessica and Amos are older than 75 years and are married.
They were farmers so they live together alone in their farm in
the Ireland countryside. Both of them are sick and because
they live far about 30km from the closer city with the hospital
and have problems to drive safely, public healthcare system
provided them smart devices for their health monitoring and
making therapies.
When Jessica wakes up the smart tooth reservoir
reservoi implanted
some time ago 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.
Periodically Jessica has to do blood analysis and other check-up
check up so, before having
breakfast, she goes to the point of care that has all the components necessary to do all the
control. 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
the point of care with remote operations.
First of all it is necessary the user identification so she puts her finger on the biometric
scan to be recognized. Due to her difficulties in breathing her oxygen saturation is
evaluated. During this test also a little
little sample of blood is taken and all the required
analysis are made. 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.
Thanks to the evolution of point of care, the check-up
up lasts about 10 minutes. After
finishing the check-up
up she can reach her husband Amos and have breakfast together.
Amos has diabetes so before and after meal he has to check the glycaemia. When he is at
home he measures the glycaemia using the point of care because it can measure it without
taking blood samples. After the control of glycaemia he checks also the blood pressure and
heart rate. Then periodically he measures his eye pressure to keep it under control because
of his high risk
k of developing glaucoma.
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Thanks to the point of care that sends the check-up
check up results to the healthcare system, the
Jessica and Amos’ physician can control remotely the health of his patients avoiding Jessica
and Amos to go frequently to the hospital. Afterwards
Afterwards Jessica and Amos can enjoying their
day knowing to be not alone because their doctor monitors them every day.
Stakeholders
Jessica and Amos (PS), their physician (SH), industries developing smart points of care and
tooth implantable drug dispenser (TS), public healthcare system (QS)
Key Enabling Technologies
Lab on a chip, Tele-care,
care, Ultra-wideband,
Ultra wideband, smart drug dispenser implanted into tooth (smart
tooth reservoir)
Scenario 5: Healthy Living
Seth is 75 years old and is now retired. In the past he worked in a public 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 he had short lunch break at work he often ate no healthy foods.
Some years ago his physician told him that,
that, having cardiovascular problems and diabetes,
it was better for his health to lose weight and practise physical activity in order to decrease
the risk of some diseases. To support these healthy practices Seth and his doctor decided
to use some AAL solutions
tions in Seth’s daily life.
Every day when he wakes up Kitty, his intelligent kitchen, tells him what is going to expire
soon in the fridge and in the cupboard and suggests 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 consumes every day, so it can suggest him the best things
to eat also according 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.
buy
After breakfast and reading the news, he prepares himself for the daily training; to be
monitored during the physical activity he doesn’t need to wear anything special, because
thanks to the special sensor implanted
implanted under his wrist all the physiological parameters are
under control. He just need to take with him the smartphone in case of going outside for
localise his position, so to have the possibility to find him in case something goes wrong.
Furthermore thanks to
o the Smartphone he can also be in touch with Marcus, his personal
avatar trainer, that can follow him during the outside training. Marcus suggests Seth the
exercises he should do according to his personal training program. For example, two days
after an hard
ard training consisting in a long walk, Marcus suggests Seth to enjoy the fitness
class for doing some exercises to improve his strength and balance. When the weather
outside is horrible (i.e. it’s raining a lot) and Seth doesn’t want to go to the gym, he can
execute his training at home wearing some special sensors and glasses that allow him to
project himself like an avatar in the virtual gym where he can follow remotely the trainer
and join the class with some friends.

Stakeholders
Seth (PS), his doctor
or (SS), industries developing smart sensors, intelligent kitchens and
electronics appliances, smart phones and virtual interfaces (TS)
Key Enabling Technologies
Smart kitchen having environmental and ambient intelligence (AmI) for food recognition
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and diet management, implantable sensors for health monitoring, advanced reasoning with
modelling and learning capability to support Seth physical training, virtual interfaces
(avatars and holograms) for guiding training, cloud services, tools for augmented reality
re

3.2

Compensation and Support

The ‘Compensation and Support’ pillar concerns elderly people with physical or cognitive
impairments that need help in their daily activities. Often for older people the recovery after
severe injuries or diseases takes much more time and all the functions do not come back
like before the injuries. These impairments, derived from diseases and injuries, make the
management of daily routines difficult for the subject, reduce its independence in doing
tasks and this causes the further
urther decline of other capacities and the consequent need of
assistance by caregivers.
The Compensation and Support pillar includes the AAL services and devices that could help
older person in compensating some physical and cognitive limitation and in supporting
sup
them
in daily life. These could be useful not only for elderly persons, by assisting them in daily
activities, but also caregivers for optimizing and facilitating their assistance to elderly users.
In this way, senior subjects could enhance their Quality of Life and, on the other hand,
caregivers could increase the Quality of Services, such as managing diseases and
disabilities, accomplishing daily activities and favouring social inclusion.
The ‘Compensation and Support’ pillars includes the main following
following scenarios:
• domestic care;
• assistive technologies;
• home adjustments for disabled;
• personal care;
• assistance with activities daily life (showering, shaving, dressing, food preparing
etc.);
• nursing care.
Scenario 6:: Monitoring and Assistant
Mr. Karoumbalos,, 87 years old, is married for 60 years with his wife, 88 years old. When
they were young they emigrated from Greek to Australia for working and there they had
three children and then seven grandchildren. After the retirement they decided to come
com
back to Greek, even if they should live alone there. In 2002 the doctor diagnosed
Alzheimer’s disease to his
is wife so thenceforth she needs cares (personal hygiene etc.).
Waiting for a place in a nursery home for her, they lived together and Mr. Karoumbalostook
care of her with the help of a nurse that daily
ly supplied her some ADL services and medical
cares. Although his age, he is
i still active (he likes to read a lot and every
very day he goes
go
out
for a walk or bike ride, “Just to stay active”, as he says)
says but he needs a support to do daily
life tasks and to take care of the house.
house Fortunately twice a week an acquaintance, living
closed to them, helped them cooking some meals, doing some cleaning and having a chat
with him.
Since April 2011Mrs.Karoumbalos
Karoumbalos stays in a nursing home distant about one hour drive
from their house. When his wife moved
move to the nursery home, Mr. Karoumbalos started do
his ‘own things’ again and once a week a socio-medical worker assists
s him while taking a
shower and monitor him. Smiling:
Smiling: “Just to see if I’m still behaving, wearing clean clothes
en doing well!”
To improve his independence
ce and safety, some technologies are installed in his home:
home a
tele-care system, an sensor network for monitoring and alarming, a smart fridge and a
medication dispenser. Because he is used to work with modern equipment he is enthusiast
about the technologies presence.
presence He also used tele-care
care several times in case of
emergency during the period his wife was still at home. He alarmed via the touchscreen
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and “It 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. Karoumbalos uses ‘planned tele-care’
tele
in the morning.
ning. Before the call at 08:30 the
nurse of the care contact centre checks
check remotely the sensor network.
network It informs her if
everything is still going conform his own lifestyle schedule. Then the nurse call him for
asking about his condition and reminding
remind
him about the medications he has to take. They
also have a short chat. He really likes this care system.. It gives him a save feeling because
he can contact the service provider any time when it is necessary. His children think about
it the same.
me. 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.
Stakeholders
Mr. and Mrs. Karoumbalos, and acquaintance (PS),nurse and socio-medical
medical workers (SS),
industries developing tele-care
care systems, sensor network for monitoring and alarming, a
smart fridge and a medication dispenser (TS)
Key Enabling Technologies
care, monitoring system,
system smart fridge, medical dispencer
Tele-care,
Scenario 7: Daytime management
Mrs. Young (60 years old)) had an accident six years ago. A car
hit her while she was crossing the crosswalk. Due to severe
brain injuries she was admitted to a nursing home for learning
again how to walk and to speak. Her character changed,
emotionally she is moody, her short term
ter
memory is most of
the time ‘out of order’, like she uses
use to say. She trained hard to
go home and after 18 months she managed to do.
For support and assistance she is dependent on her family
nearby and a service provider supplying home-care. Every day a socio-medical
socio
worker
comes to assist her in showering and dressing. She can do it herself but she is very afraid
to fall. The caregiver also applies the daily tense-meter
tense meter for the pain in her head.
Furthermore, she started to sleep on the sofa in the living room because her bedroom is at
the upper floor and she dreads to fall down the stairs.
She learnt to drive an electric wheelchair that allows her to go to work. Fortunately she can
work part-time and she is really happy about it; even if the job requires a lot of her energy,
she insists to work to feel “normal” and useful to society.
She has a little dog that gives her a lot of love and comforts when she is sad. Furthermore
her pet forces her to be active, indeed she should to go out with him at least four times a
day.
Her family assists her economically and in shopping and relatives also visit her every
evening. To learn to be more independent she is coached by a specialized socio-medical
expert that three times a week goes to her. They talk about her dealing in daily life and the
expert suggests advices to improve and optimize her conduct. The socio-medical
socio
worker
also coaches her to manage the periods in which she is upset or overwhelmed about what
had happen to her.
Mrs. Young is thinking about to quit
uit her job and to move to a nursery home, because it is
hard to live on her own with all
al her fears,, but at the same time she doesn’t want relinquish
her dog.
With tele-care,
care, smart sensor network and other AAL devices in her whole house the world
changed completely
ompletely for Mrs. Young. Now she is much more secure and able to be
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independent. The nurse visits her still every morning to apply the tense-meter,
tense
but thanks
to the tele-care
care she can contact remotely the service provider every time she needs it and
this help her to reduce and manage the feeling of upset. The socio-medical
medical expert helps
her – just with a short remote talk – to put everything into perspective.
After more than four 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 shopping herself in the neighbourhood instead of waiting for her family. Her
family don’t need to visit her every night to verify that everything is okay because now she
can easily contact them every day. With all these AAL technologies she can stay in her own
home with her dog, and no in the nursery home without him.. She is very happy, despite
her disabilities. After some years Mrs. Young quit her job to have more energy to do her
daily life.
Stakeholders
Mrs. Young and her family (PS), nurse, socio-medical
socio medical experts and the service provider
(SS), industries developing sensor network
network for the user monitoring, tele-care
tele
systems and
facilitated interfaces for remote interaction (TS).
Key Enabling Technologies
system environmental sensors,, facilitated interfaces for the remote
Tele-care, monitoring system,
interaction with relatives and caregivers,
care
, advanced reasoning systems for the recognition of
dangerous events
Scenario 8: 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
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
taking into account the elderly needs. CARA monitors
the road condition and warns
s Anna about any present obstacles (both static and dynamic).
Furthermore while Anna is driving,
driving a smart sensors system is able to recognize Anna’s
attention and any abnormal variation
vari
of motion in order to
alert CARA which provides
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
not
to family
and to the nearest garage is sent.
Stakeholders
Anna, her children, other drivers (PS), auto mechanic (SS), industries developing smart
car, sensors for obstacle identification, and advanced reasoning system of the obstacle
recognition
n and assistive driving
Key Enabling Technologies
Smart mobility, Obstacle avoidance,
avoidance Prediction, Localization system,
system Natural language
interface, Advanced control
Scenario 9: Having Fun
Dirk has always been a good walker and excels
excels in trekking. It is the way he enjoys the
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most travelling
velling around the world since he is retired. But since he had a bad hip fracture, he
experiences many difficulties when walking long distances as his
h strength has decreased
and as it has become challenging
challenging to make some movements. After her rehabilitation, he
was very worried not to be able to travel again.
Luckily, he has been provided with a new version of exoskeleton which supports his
h legs.
Thanks to recent improvements, he only has to carry with him a small bag weighting 5kg
and containing exoskeleton batteries.
batteries Few years ago, this was not possible due to the
quantity and weigh of material to carry with. He
e still regrets that the exoskeleton takes
some place and might be a bit obtrusive and stigmatising
stigmatising but he counts on the provision of
thinner and less pervasive
ervasive models in few years.
years
Dirk also extensively uses his
h smartphone to get help. Thanks to the 4G, he can easily
connect to the web
b wherever he is, even when trekking in remote areas, to find
information about places close to him.
him Another great tool for him 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. Dirk enjoys a lot this app as it gives him
unusual, often fascinating, and for more exciting information than
the one in visit guides. Such apps are now feed into by a large
community of users and thus provide comprehensive data for
f fun,
smart and accessible tourism around the world.
Stakeholders
Dirk (PS),, industries and companies developing lower limb exoskeletons, smartphones and
software applications for people passionate of trekking and travelling,, broadband solutions
(TS).
Key Enabling Technologies
Broadband Cloud, Pervasive computing,, smart energy consuming and
Wearable robotics, Broadband,
harvesting
Scenario 10: 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
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. First, his employer lets him tele-work
tele work 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 break area.
But when he is at work, he also feels well. Thanks to sensors at home and a good
monitoring tool, he can be alerted
alerted if there is a drastic change in the attitude of Pearl
indicating a problem or an emergency. If needed,
needed, Pearl can also use an exoskeleton
exo
to gain
mobility and go alone to the garden to take some fresh air or meet neighbours and friends.
John is happy to
o 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.
Stakeholders
John and Pearl (PS), public healthcare provider and John’s company (SS), industries and
companies developing smart wheelchair, exoskeleton, sensor network for status
monitoring, devices for tele-work
work (TS)
Key Enabling Technologies
Smart wheelchair, Wearable robotics,
robotics Monitoring system, Tele-work
work, Recognition of
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emergency situations

3.3

Independent and Active Ageing

‘Independent and Active Ageing’ Pillar includes the activities and services that allow older
people to live and do daily tasks on their own, participate to the social activities and, when
possible, work. Independent living and active ageing are two complementary concepts that
influence the self-esteem
esteem and perceived quality of life of senior persons. The majority of
older people wishes
ishes to remain at home and to keep their autonomy and the feeling of being
able to do daily tasks on their own. Unfortunately often because of limitations and diseases
senior people should ask help to manage and accomplish daily life activities, with the
negative feeling to be dependent by other persons. Furthermore the participation in social
activities and community life is a problem for most of elderly people caused by, i.e. lack of
mobility, difficulty in staying updated with the events or in keeping up
u with the transport.
Active ageing is a concept related to different sectors: work, leisure and voluntary service,
and insists on fostering older people’s participation to society. The aim of the Independent
and Active Ageing Pillar is the inclusion of elderly
elderly in the society. This pillar concerns AAL
services and technologies that can contribute to make elderly persons safer in their own
place, able to manage their daily routine and more part of the community, helping them to
be socially included. 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, such as
empowering people with age related dependencies or disabilities to live independently,
delaying/avoiding institutionalization
ionalization and staying active as much and as long as possible.
Solutions may combine health, social care and smart living systems and 'age-friendly'
'age
environments. The main needs of elderly persons associable to the pillar ‘Independent and
Active Ageing’ are the following:
• 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.
Scenario 11:: 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 he can come
back to live at his own place with her wife Carla. Due to the stroke
Giorgio has some difficulties in doing some movements
movements like walking and
grasping, so he has to do some rehabilitation in order to improve.
When he was in the care structure, every day a physiotherapist assisted
him in doing some exercises to improve his mobility. Now that he is at
home is difficult for him
m to go everyday to the structure to keep on doing
these exercises, but he would like to do physiotherapy as much as
possible, because he saw the improvements after the exercises.
Because it is a sunny day, after breakfast, he decides to take then his
special
cial 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 pedalling,, so the smart
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
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centre he finds some friend in the square and just stops
stop for chatting a little. Then he comes
come
back home and he 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.
Stakeholders
ndustries and companies developing smart bike, smart wearable sensors and
Giorgio (PS), Industries
interfaces (TS)
Key Enabling Technologies
Smart bike, Smart wearable
earable sensors, Augmented reality
Scenario 12:: Security @ Home
Liz is an 76-year-old
old woman who is living alone in her house. In the last period she
s
feels
her strengths going down, she is increasingly afraid to be attacked by a an aggressor
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
rm 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.
hou
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
hen her son Thomas lost his job and divorced, Liz proposed
propose 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
de
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
he health problem, he started getting
ting 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
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
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.
r
Stakeholders
Liz (PS), Online platform for health and social services (SS), Industries
ndustries and companies
developing interfaces,, vision systems (TS)
Key Enabling Technologies
Voice recognition interfaces, Recognition of emergency situations, Moving vision systems,
Avatar, Online platform for assistance
Scenario 13:Avoiding
:Avoiding caregivers isolation
Sonia cares for her father Paul who was diagnosed Alzheimer’s
Alzheimer’s disease 3 years ago. The
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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
t
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
Alzheimer café where family
carers and their relative with Alzheimer’s
Alzheimer disease can meet. The online platform helps her
to meet
et 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
ca find him
easily.
Stakeholders
Paul (PS), Sonia (SS), Industries
ndustries and companies developing interfaces (TS)
Key Enabling Technologies
Online Platform for assistance to caregivers, Avatar
Scenario 14: Aging-Friendly
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.
limita
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
va
charities. As many of the 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
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
ficult 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
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
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
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
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ask for assistance.
She
he 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
tech
and
services. This has lead to efficient trainings and awareness raising activities on user needs
which now support the provision of adequate, well-planned
well planned activities, services and
infrastructures for all.
Stakeholders
Teresa (PS), City Council (QS)
Key Enabling Technologies
Centralized transport system, Online booking system
Scenario 15:: Senior citizens at work
Maria has been working in the art painting restoration field for many years now. This a
highly-demanding
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 wellwell
known
own for the quality of her work.
During the last
ast 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
he 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
la
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
fr
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
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.
Stakeholders
Maria (PS), Industries
ndustries and companies
compan
developing robotic tools and exoskeleton and
Industries with old workers (TS)
Key Enabling Technologies
Robotic tools, Exoskeleton
Scenario 16:
6: 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,
Bot, his assistant robot, that helps him in taking care of the house and also
in other tasks. Bat-Bot
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
Bat Bot arm is damaged and
so Bat-Bot
Bot cannot properly grasp objects. Bat-Bot
Bat
is designed to be dependable and so it is
able to recognize this problem.
The morning after the storm, Bat-Bot
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
chnician intervention for the restoration of the sensor. Few hours later the control
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centre calls him to agree an appointment with the technician.
Stakeholders
Sebastian (PS), Industries and companies developing robot
Key Enabling Technologies
Assistant Robot, Dependability, Recognition of erroneous condition
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4 Key Enabling Technologies
4.1

Sensing

This section debates the ‘sensing’ aspects of AAL services and the new sensing principles
and technologies that are needed to meet future sensor requirements. Particularly
Part
the
Sensing KET is related to all devices and systems able to measure physical, chemical,
electrical, optical, etc. quantities of a phenomenon and to produce outputs usable to
improve the AAL services. Research and development of sensors are a very
ve
wide and
complex themes and reserve many technologies for various applications. A sensor system
should be developed in order to provide a “Continuum of Care”, monitoring health condition
and providing assistance everywhere.
4.1.1 Smart Sensors
Smart sensors are
re intelligent systems that exhibit the integration of the sensing element
with an electronic circuit that supports the data storage and the computation and
communication software at the chip level. They can carry computation capability that enable
on-chip data processing, be capable to detect and trigger selected events and perform selfself
diagnostics, self-calibration
calibration and adaptability. In the future, the main challenging
developments of smart sensors concerns the utilization of new materials, i.e. MEMS, the
miniaturization, that entails reduced mass and power consumption, high reliability and high
integration levels, and the standardization of network protocol communication.
4.1.2 Micro-Electro-Mechanical
Mechanical System (MEMS)
MEMSs are micro system-based
based sensors for mechanical,
mechanical, optical, magnetic, and chemical
measurements, that are produces thought the techniques of micro fabrication. MEMS
provides potential benefits for future sensor technology, including miniaturization, increased
reliability through redundancy, reduced costs, and the potential for development of smart
sensors. One of the challenges of the MEMs is to integrate microsensors, microactuators,
microelectronics and other technologies on a single microchip. Moreover in the next years
different materials such as
s Carbon Nanotubes, Shape Memory Alloys and Magnetic Shape
Memory materials have to be put on silicon. Then graphene materials could be used as
MEMs material.
4.1.3 Lab on Chip
One or several laboratory functions can be integrated on a single chip of few squared
centimetres. Thanks to lab on chip it is possible to handle very small volumes of liquids,
allowing faster analysis, high-throughputs
high throughputs analysis and reducing costs. Future developments
will allow to have self powered lab on chip, so to have power and sense/analyse
sense/
combined.
Lab on a chip should be integrated on biocompatible surface or materials including also a
small packaging to make them wearable or implantable and less intrusive. Moreover
Whispering-gallery
gallery mode (WGM) resonators could be applied to lab on
on a chip together with
others technologies. Lab-on--a-chip systems can revolutionize point-of
of-care medical testing
and diagnosis by making testing and diagnosis fast, cheap and easily accessible.
4.1.4 Biosensors
Biosensor are analytical devices composed of a biological
biological component and physiochemical
detector used for the detection of an analyte. In future Biosensors will be able to harvest
the necessary energy from external (environmental) sources, so it will be possible to have
wearable or implanted biosensors. Future
Future developments will move towards human inspired
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sensors and biologically based sensors. Moreover new biosensors will integrate also
actuators so that an active part will be coupled to the sensing one.

4.1.5 Vision Sensors
In future through vision sensors it will be possible to extract useful information from the
geometry of visible surfaces, capturing also colour and dept images simultaneously,
interpreting also 3D coordinate data. Vision system will be improved at a micro level,
increasing the quality of the
e images. Starting from quantum optics, quantum imaging will be
studied developing sensors with an higher resolution and other imaging properties not
achievable from the classical optic.
This kind of sensors target the automated recognition and alarming of critical situations (like
falls) using also a real-time
time processing. They could be used for tracking of elderly persons at
home. This real-time
time information has been exploited for incident detection (e.g., fall
detection, immobilised person), and instantaneous
instantaneous alarming of the concerned parties.
4.1.6 Environmental sensors
Home sensors need to be developed in order to create smart environment that can help
monitoring elderly persons in their domestic context. Sensor networks included in the smart
home can help managing
ging food quality, drug and energy, beyond control of the person itself.
4.1.7 Pervasive Sensing & Smart Environments
Aim of Pervasive Sensing is to provide widespread computing and sensing capabilities in
order to create Smart Environments that can sense, process,
process, and act by considering input
coming from both people and devices. In order to allow the development of Smart
Environments, small low-power
power low-cost
low cost sensors are necessary, that have then to be
connected not only to other devices via heterogeneous networks,
networks, but also with the physical
world.
Smart Environments aim at preserving independent living and self-sufficiency
self sufficiency by keeping
people more physically and socially active and providing automation aids that will permit
independent and safe living.
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4.1.8 In / On Body
ody Sensors
Wearable sensors are systems with physiological, biochemical and motion sensing
capability that allow patient’s status diagnostic and monitoring. They are typically worn on
the body or endowed in clothes, but in future they will be more and more
mor integrated in
accessories (glass, jewels, shoes, etc.) and printed or attached to skin (tattoo). A crucial
role will be played by the advancement in miniaturization and long life duration of batteries
and in the development of wireless body network with low power consumption and high
data rate (UWB). E-textile
textile based systems for clothes will include electrodes and printed
conductive elastomer-based
based components into the fabric. In future, a variety of wearable
devices should also interface wirelessly with home
home sensors, assistive robots and cloud
platforms, providing not only status diagnostic and monitoring but also some measure of
prediction. Furthermore, wearable sensors will be interoperable with bio-feedback
bio
systems
to facilitate human-machine
machine interaction.
interactio
Finally the so-called
called “epidermal electronics” is
demonstrating that new kind of sensors, based on ultrathin electrodes, electronics, sensors,
and wireless power and communication systems, could be attached to the skin and record
and transmit electrophysiological
iological measurements for medical purposes with a limited
perceived invasiveness. Energy harvesting and power management represent also a
challenge in the field of sensors.
Ingestible sensors are systems integrated into ingested devices, i.e. pills, which
whic are
conceived to be powered by human body and communicate through the user’s body tissue.
These sensors foresee the control of food, weight, physiological parameters, body position
and activity, favouring users to sustain healthy habits, families to make better health
choices and clinicians to provide more effective healthcare services. In conjunction with
wireless infrastructure, ingestible sensors represent a new standard for influencing
medication adherence and significantly supporting chronic disease management.
Further challenges are represented by implantable sensors:: in this case they have to be
biocompatible and have a low invasiveness (high level of miniaturization). Implantable
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sensors would allow to monitor continuously parameters, but they also
al
need to have an
optimal data transmission and power management.

4.1.9 Quantum Sensors
In future quantum properties will be used in different applications. Quantum sensors are
devices that use quantum correlations to achieve sensitivity and resolution that cannot be
reached through classical methods. A quantum sensor can measure the quantum state of a
system. The mere act of measurement influences the quantum state and alters the
probability and uncertainty associated with its state during measurement.
4.1.10 Energy harvesting
Sensing applications are often limited by the reliance of battery power; in the future it is
expected that sensors might include embedded functionalities to efficiently manage, save,
harvest and transmit energy.
In order to achieve these results
results improvements in the energy harvesting need to be made,
such as developing more efficient data compression techniques for embedded system. More
efficient power generation needs to be reached.
Energy could be harvested from textile devices or through bioinspired
bioinspired chemical fuel cells. A
quantum approach could be used even in the case of sensors. Moreover energy could be
harvested through wearable devices able to generate power from passive human activity.
In future energy could be harvested also from inside the body by generating power from
body fluids and having access to body’s natural energy storage. Power conversion circuit
efficient at low voltage needs to be developed.
Moreover in the next years implantable medical devices powered by energy harvesting
within the body could be developed.
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4.2

Reasoning

Reasoning is the enabling technology that allows to convert data acquired from sensors in
information about the status of elderly user, environment and AAL system, information that
could be used by users to execute and improve the service and to activate adequate tasks
for the current and future conditions.
The main proprieties related to the reasoning are: sensor data collection and processing,
modelling of events for the recognition of status and contexts, prediction of possible events
and conditions, learning from the surrounding information, activation of actions and alerts.
Several challenges should be faced in the next years to improve reasoning for the next
generation of AAL services.
4.2.1 Context Awareness and Sensor data fusion
The new generation of AAL services should be characterized by the use of “smart” adjective,
feature that should be obtained making AAL systems aware about what is happening and
able to recognize events and conditions. The reliability
reliability in identifying contexts and status is
strongly related with the capability of acquiring and integrating information from different
kinds of sensors and sources that allow to have more details about the context. This
propriety, called “sensor fusion”, is fundamental for the new AAL services and tools and in
the next years many efforts should be put in this direction.
Smart environments: AAL systems should be able to integrate and elaborate information
coming from surrounding sensors (body sensors and environmental
environmental sensors) in other to
provide advanced, appropriate and optimum service solutions and make elderly persons
living and working inside a “smart” environment.
Internet of Things, Ubiquitous and Pervasive Computing: according to the specific
complexity of the services, AAL tools should go beyond the physical surrounding
environment and take in consideration also information accessible by internet and coming
also from other related contexts. This approach is known as Internet of Things and
Ubiquitous and Pervasive Computing.
Cloud Computing: in the future, AAL services will take advantage from Cloud Computing,
in which the actions of an AAL device will be guided not only by information coming from
sensors but also from other servers and computational units
units that are connected to the web
network and process data coming from other sources.
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4.2.2 Artificial (quasi-Human)
Human) Intelligence
The society needs a concrete and effective support from AAL services and devices in
assisting both elderly citizens, making them more healthy, active and independent, and
caregivers, facilitating their work in monitoring senior status and executing appropriate
support actions. For this reason AAL systems should be characterized by advanced
reasoning capabilities that could be defined
define “Artificial (quasi-Human)
Human) Intelligence”.
Advanced recognition of human inputs:
inputs: this request implies that AAL system should be
able to recognize and comprehend situations and contexts from natural inputs expressed
directly and indirectly by the users.
Voice & Speech:: understanding of words expressed also in slang, identification of the
subject-speaker
speaker and comprehension of the semantic meaning of sentences.
• Images and body gestures: understanding of body language.
• Emotions:: recognition of emotions and moods
moods for the comprehension of the real user
status.
Models & Learning: the daily life of persons is mainly characterized by dynamic events,
having multiple possible consequences and often unpredictable, because of the involvement
of different agents/actors. So
So reasoning technologies in AAL domain should evolve to
understand tasks and status not only by using static rules and patterns (context(
modelling),that
),that associate specific inputs to a specific modelled contexts, but also dynamic
and reactive models that take
ke in consideration also complex information, like the behaviour
of involved users, extract the main information (Data
(
mining)) and update the same models
(learning machine).
•

•

•

Machine Learning and eLearning: to be really effective, AAL systems should have
reasoning capabilities, going beyond the classic forms of machine learning and
integrating at the same time different approaches such as Reinforcement Learning
(learning from the world observation), Learning to Learn (learning from previous
experiences), Developmental Learning (learning from the world exploration) and eLearning (learning from web and information technology).
Semantic Web and Semantic Cloud: the semantic web enables machines to interpret and
process information in the World Wide Web in order to better support humans in
carrying out their various tasks with the web. For the new generation of AAL services it
is necessary to implement both Semantic Web approaches and more advanced one
called “Semantic
antic Cloud” that will include also data coming from other connected
networks of sensors and services. These data should be used in machine learning phase
to update the context models.
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Prediction: this advanced aspect could allow to recognize activities
activities but also to predict
possible and probable status and contexts and also to provide support in decision making.
This property is fundamental in AAL services to anticipate possible negative events and
conditions and act in order to avoid them.
Decision making: this capability is very important for informal caregivers, like family
members, that are not socio-medical
socio medical experts but often should decide how to act in critical
situations of their relatives. AAL system should support them in making a resolution
especially
cially during critical events.

4.2.3 Advanced controls for AAL robotics and devices
AAL systems are not only tools for the monitoring of user and environment but are also
devices able to provide actions and services. AAL services are and will be based on the use
of simply actuators, like automation components for the management of the domestic
environments, but also of more complex systems such as medical devices and robotic
assistants. These tools request more advanced control strategies because they interact and
cooperate with users (dynamic and unpredictable agents) and their actions could influence
the safety of subjects.
Neuroscience-inspired
inspired Control: neuroscience studies the functioning and control
strategies of human and animal being; these researches show
show continuously how nature is
able to be effective and efficient obtaining the target-object
target object with an optimized use of the
resources. AAL systems should draw inspiration from these neuroscience approaches in
order to improve the effect of the service and optimize
optimize the energy and force use.
Robot Navigation (indoors and outdoors): in the next generation of AAL services,
robots should be important actors that will operate together with elderly users and
caregivers in real environment. For this reason it is fundamental
fundamental to elaborate advanced
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strategies for the robot navigation in dynamic and unstructured indoor and outdoor contexts
that should take in consideration the presence of obstacles (static and dynamic),
unstructured and irregular ground, external agents (such as wet or iced ground).
Robot Manipulation: the capability to transport and manipulate objects is one of the most
important aspects of robotics. To be employed in AAL services in real no-industrial
no
contexts,
robots should be able to:
• transport objects,
cts, also heavy, for long time;
• reach impracticable sites of the domestic and outdoor spaces;
• grasp and manipulate safely objects both knowing and ignoring their shape and
weight;
• move safely with the impedance and compliant control because of the presence in
the environment and the interaction with persons.
4.2.4 Dependability and Maintainability
The acceptability and deployment of AAL technologies in real context depends strongly from
an important aspect: the dependability of AAL devices. To be really used by common
c
persons like elderly persons, family members and professional caregiver AAL systems
should be designed to be safe, dependable and maintainable. So new generation of AAL
tools should have the capacity to:
• recognize erroneous conditions;
• identify the malfunctioning;
alfunctioning;
• alert both users and the expert repairers about it;
• adopt alternative strategies to guarantee the safety of the user and the environment
and, if possible, the complete or partial execution of the services;
• in such case, to self-repair
repair the damaged components (self-healing).
healing).
4.2.5 “Smart” everywhere! - Miniaturization of processors
Society evolution is pushing to build in reasoning capability inside technological appliances
and devices. This aspect is possible thanks to the development of miniaturized
miniaturi
processors,
advanced mini-boards/chips
boards/chips able to manage and process huge quantity of data in small
space. This evolution is strongly related with the use of new materials and development of
new manufacture techniques.
Three dimensional integrated circuits
circui (3D-IC): developed through complex techniques
of silicon manufacturing, they allow to integrate electronic components thanks to three
dimensional tracks and connections.
Graphene transistors: this material allows the creation of thin boards characterized
characteriz
by
remarkably high electron mobility at room temperature.
Quantum simulators and computers: this futuristic type of processor is based on the use
of the qubit (characterized by four states, 00, 01, 10 and 11), in the place of bits (having
two states, 0 and 1), able to memorize and elaborate a lot of information adopting quantum
Turing machine (QTM).
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4.3

Acting

This section concerns about systems and services, which proactively act for preventing,
compensate, support, providing well-being
well
and increase the independent living of senior
persons or disable people in a smart environment.
4.3.1 Service Robotics
Future service robotics will be machines that will primarily help and assist elderly people in
daily activities at home, in their workplace and in other environments. They 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 their quality of life.
Manipulation - Manipulation makes service
service robots able to interact with and change
environment for instance by grasping, manipulating and move object. In the next future,
service robot should be able to lift and transport heavy object, assemble artefact and
manipulate different kind of object,
objec even unknown.
Dependability – Property of a system with appropriate taken countermeasures to handle
unexpected and hazardous catastrophic consequences on the users and the environment
(safety), to preserve integrity and confidentiality of data (security),
(security), to provide readily
(availability) and continuously (reliability) correct services to the users and to self modify
and adapt behaviour in accordance to environmental changes (adaptability).
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Navigation Indoor & Outdoor - Service Robots should work with
th person in every context,
they should be designed to move on different kinds of ground, go uphill, recognize obstacles
(both static and dynamic) present along the path and change their way in order to avoid
them.

Sentient Machines - A Robot system uses
uses sensing and perception to gather information
about its own state and the surrounding environment. The future challenges are: manage a
large amount of data, improve perception algorithms to formalize sensor data to internal
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representation, take into account
account of the social, affective aspects and emotions in the
interaction process with human beings.

4.3.2 Smart Mobility
Smart mobility services enhance aging people independency by providing mobility support
in terms of smart public transport, smart drive system
system and portable devices with positioning
and navigation assistance. Enabling technology have to efficient switch between indoor and
outdoor localization mode, in order to have a great level of personal localization in the same
devices. Public transport should
should be reorganized both from technological and organizational
point of view in order to become more alluring and usable by end users, especially elderly
and disable persons. Drive assistant should be able to assist during normal drive and to
prevent car crashes.
4.3.3 Smart Actuators
Smart Actuators are techniques to generate force and torques. Future Robotic devices
should have regenerating structures and a self-reassembly
self reassembly architecture.
MEMS – Micro Electro Mechanical Systems (MEMS) is a technique to create
electromechanical
ctromechanical devices with micromicro and nanometre features, developed exploiting and
adapting micro fabrication processes. In this way, in the future, there are positive
emergence of applications in bio-actuators
bio actuators and smart biosensors with potentials in the
fabrication of micro and efficient artificial muscles fully integrated with bio-actuators,
bio
and
other micro and nano applications.
Shape Memories Alloys - In the future, this actuators should be miniaturized, should
reach high mechanical performance, comparable
comparable to traditional electric motors, in a limited
space; to achieve this purpose the main requirement is lightness and compactness of
actuators.
Soft Robotics - soft robotics explore unconventional materials, their implementation on
robotic agents and provide
rovide novel scientific concept and contribute to understand embodied
intelligent. Furthermore soft robotics will provide a significant impact in robotic devices and
in novel electronics such as soft circuits and power supplies.
4.3.4 Green Technologies
In the future the optimal management of energy should be improved. Further the use of
new clean energy and sustainable development technologies should be improved too. The
new power source could be low-cost,
low cost, safe, renewable and portable. Moreover new agents
agent
could be designed to combine actuation and movement with recharge of supply. New
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material (natural & recyclable) could be used. This new power supply could be biomimetic,
and they could use intelligent systems able to exploit chemical reaction to auto-recharge
auto
battery.

4.3.5 NeuroRobotics
NeuroRobotics develops technological solutions in which electrical signals produced by the
brain could be connected to computers. In this way neural signals could be used to directly
control prosthesis and provide feedbacks to users.
Non invasive techniques must improve in efficiency and wearability; invasive techniques
should reduce the associated risks to the surgery, develop biocompatible electrodes and
record stable and durable signals in the long term. Furthermore,
Furthermore, the size of the equipments
should be reduced and the communication be improved to make the systems wireless and
portable.
4.3.6 Wearable Robotics
Wearable robotics could replace or assist humans during ADL tasks. In general, they can be
classified as offering
ng services to the upper limbs, the lower limbs or the full-body
full
limbs.
They could be classify based on the nature of the service offered to the wearer: orthosis
(exoskeleton), prosthesis or enhancing human capabilities.
In all these applications, robotic devices have to work closely to human body. A number of
challenges still need to be solved and future studies will address issues like safety,
interaction between the wearer and the device, interaction between the device and a highhigh
level network architecture
ure for continuous monitoring, cognitive control. In addition, health
management control and energy storage are crucial technologies for successful portable
wearable devices. New smart actuators will be engineering in order to fit a high number of
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actuators
s whit high efficiency and low power consumption. Further new algorithms for
cognitive and behavioural control should be implemented.
4.3.7 Cloud Robotics
Cloud Robotics is the integration of different agents that allow an efficient and improved
cooperation between
een robots, smart environments and humans to provide useful and high
quality services to citizens. Cloud Robotics presents many challenges, such as the large
amount of data to storage and manage, the communication between agents and cloud
platforms, standardization
rdization and ethical/legal issues. In the future, Cloud Robotics services
could be used to improve and propose ICT services to citizen in order to reach a complete
interconnection and the cooperation between different urban parts.

4.4

Interacting

The term “Interacting” means the interaction process between a user and a machine, i.e.
the AAL System or device, in which appropriate interacting technologies are used to bridge
the capabilities of users and AAL systems. AAL technologies are focused on applications
application for
supporting older people by using specific types of user interfaces: command line interface
(CLI), graphic user interface (GUI) and natural user interface (NUI’s).
CLIs and GUIs 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 developed using
speech recognition and natural or synthetic speech, movement of control devices (joystick
or mouse), contact and pressure on a 2D surface (touch screen) and specific signs
si
or
movements in a 3D space (gestures).
Interacting with AAL technologies should be as much natural as possible and can be used at
any place.
4.4.1 Sensorial interfaces
Sensorial interfaces are technologies which create digital augmentations of physical objects
objec
through sensory perception.
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Thanks to Augmented reality (AR) the user can visualize an environment in which
elements of virtual reality and real elements are combined. It is a live view of the real-world
real
scenario whose elements are augmented by computer-generated
computer generated information such as
sound, video and graphics. AR could be used to improve the elderly people assistance, for
example, by showing to senior persons the virtual information about his/her treatment over
the pillbox.
Stereoscopic Vision allows the user to perceive the depth of objects in 2D image. It can
be used in tele-rehabilitation
rehabilitation allowing the physiotherapist to guide the patient, without
being physically at home. The older person can also use special glasses to interact with
devices through hand
nd gestures, voice and head nodes, and thus use the glasses for
answering video calls, checking into places, executing voice searches, watching videos.
Tactile feedback is an haptic display related with skin perception of temperature and
pressure. This technology complements the visual and auditive channel of the subject and
can be used as a user interface element that could transmit the feedback to, for example,
the user hand palm that holds the device.
Force and positional feedbacks can be provided implementing
plementing haptic interfaces related
with the strength, weight, outlines. They can return forces and torsions to the user,
depending on the position and the tactile properties of the virtual object he/she is touching.
Hereafter, for AAL purposes they should
should be developed and improved with other kinds of
technologies such as the binaural sound, the scent based interfaces, the intelligent clothes
and the emotional recognition.
Binaural sound which, through sound-reproducing,
sound reproducing, allows to find the sound source in the
3D space. It could be used, for example, by persons with visual diseases to move safely
thanks to the guide provided by this technology.
Scent based interfaces are able to generate scents from a bank of available substances,
increasing the sensorial perception and adding information channels that reduce the
cognitive load of the user.
Intelligent clothes are wearable and totally unobtrusive systems, having the shape of
normal garments and embedding inside sensors and actuators, through which the user can
both be monitored and manage the activation of some devices at home such as TV, stereo,
refrigerator, etc.
personal human communication includes not only spoken language but also nonnon
Inter-personal
verbal cues such as hand gestures, facial expressions and tone
tone of the voice, which are used
to express feeling and give feedback. The first step toward an intelligent HCI having the
abilities to sense and respond appropriately to the user’s affective feedback is to detect and
interpret affective states shown by the user in an automatic way (emotional
emotional recognition).
recognition
Being able to transfer affective information within interaction scenarios is of high importance
for tailoring the content of interaction to the user’s preferences and/or needs.
4.4.2 Spatial Interfaces
The spatiall interfaces are systems which allow the user to manipulate and understand the
states of the entities through the presented spatial models (3D or 2D).
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Gesture based recognition is a technology, thanks to which the user can control devices
and services with
h his hands, without touching them. This can be one of the most natural
and intuitive ways to communicate between people and machines, since it closely mimics
how humans interact with each other. Thus, elderly persons can use this interfacing
approach to control
ontrol devices using only hand gestures, to navigate through menu and select
actions.

Tactile screen is a tool able to recognize in which point of the area the screen has been
contacted by fingers or pointer. It simplifies the user interface, making it more intuitive,
compact and robust.
Multi-touch screen concerns systems able to simultaneously recognize several points on
2D screen. Thanks to computers and online technologies, many possibilities are provided to
elderly users, for instance, to encourage
encourage socialization and share experiences with other
persons, to keep their minds active using mental stimulations and enhancing memory and
to help combat depression. This technology can be also able to identify different types of
touch, like arm or palm of user’s
user’s hand, or control devices depending on the distance of the
body from walls, the position and the point that is going to touch. In the future this
interfacing technology should evolve till to arrive to optical displays projected directly on the
user skin,
n, that works like a classical screen in which he/she can tap the fingertips and the
system distinguishes which point the forearm is beaten and transfers the issued sound
vibrations from the skin.
In the coming years, AAL could benefit from technologies such
such as eye tracker, 3D
movement tracker and gesture based recognition.
Eye tracker is the technique for recognizing the eye movement, measuring movements
and rotations of the eyes. This information can be acquired in several ways using both
systems attachable
ble to the eyes, such as a special contact lens with an embedded mirror or
magnetic field sensor, and contactless tools. This type of interfaces can help enormously
elderly persons suffering from locomotion disease, that could control devices simply looking
lookin
at them. For example the senior user having arms limitations could use it to indicate to
his/her assistant robot the point of the room to be cleaned or reached.
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3D Movement tracker is a system able to identify the 3D location and orientation of a
device with respect to a reference point and to recognize its movements. For instance, in
AAL field these computer vision systems offer a new solution for detecting the fall of elderly
persons
ons in domestic environment.

4.4.3 Natural language interfaces
These technologies use linguistic entities such as words or phrases to control services and
devices.
Voice recognition and speech recognition are the processes that elaborate spoken
words, captured using microphones or telephones, for converting them into digitally stored
words and identifying the person who is speaking between different individuals.
The new generation of AAL services and systems could potentially benefit from these
technologies but they should evolve for understating the speech meaning and synthesizing
realistic vocal feedbacks. In particular the following aspects should be still improved:
•

•
•

Natural language understanding, that required advanced techniques for the analysis
of syntax, semantic and discourse. Currently it is based on statistical patterns of just
word and phrase sequences.
Voice synthesis,, that is the technology able to generate realistic voice by
concatenating appropriate phonetic symbols.
Handwriting recognition that is able to recognize manual writing and map letters into
the word vocabulary.

4.4.4 Multi-modal
modal interfaces
A multi-modal
modal interface is characterized by the employment of multiple sensory channels
and modalities for information transmission as well as for a system control
c
and allows to
merge information that can be create by the human actors in many ways. Its final objective
is to enable the user to communicate with the machine using different actions, such as
touching a screen, speaking or writing.
In the coming years,
rs, more advanced technologies should be developed to improve the
interfacing between elderly users and caregivers and AAL services and devices.
Holograms are technologies which enable the materialization of three-dimensional
three
images
into the user workspace.
e. The holographic recording itself is not an image but consists of an
apparently random structure of either varying intensity, density or profile.
Avatars are tools, commonly used in multiplayer gaming, online communities, and Web
forums, that allow people
le to represent themselves online. This technology can be explained
as a 3D virtual projection of a person or a device who is not physically in the same room
where the user is located.
Haptic Voice Recognition (HVR) is a multi-modal
modal interface that combines
combine speech and
touch sensory inputs to perform voice recognition. Speech and gesture are two types of
multimodal inputs that can be used to facilitate and make more natural the human-machine
human
interaction in applications in which the traditional interfaces, such
such are keyboard and mouse,
are inappropriate. This technology can be used to realize educational games, which are an
efficient method to assist elderly people in maintaining an active mind and reasoning skills.
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4.4.5 Neural Interface and Brain Computer Interface
The term ‘Brain Computer Interfaces’ (BCI) includes all technologies that use online brainbrain
signal processing to influence human interaction with computers, their environment and
even other humans. The target of BCI is to identify and predict behaviorally
beha
induced
changes or “cognitive states” starting from user’s brain signals. In AAL different applications
of this technology can be used.
EEG-based
based BCI techniques acquire, process and then translate signals from brain activity
into machine codes or commands to provide a direct communication pathway between the
brain and the external world.
Invasive BCIs use sensors inside the human brain to obtain highhigh-quality brain activity
signals or to send external signs into the brain. Any potential benefit based
bas
on increased
signal quality must be balanced against the potential risks associated with both the surgery
and the long term implantation of these devices.
Noninvasive EEG-based
based BCIs,
BCIs, using electrodes
for devices controlled by brain: systems in which
signal’s brain. Future devices will need to be
comfortable to wear, because of current electrode
for everyday use.

placed along the scalp skin, can be used
the user can interact with devices, using
less time consuming to set up, more
caps and wet electrodes are not practical

Nerve controlled prosthesis are prosthetic devices that can substitute a damaged motor,
sensory or cognitive modality and be controlled by using signals extracted from the human
nerves.
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4.4.6 Service integrations
The implementation and exploitation
exploitation of AAL services in real European and worldwide context
depend strongly from the development and use of interfaces considerable usable,
acceptable and natural by AAL users.
In the next years, AAL devices should use advanced interfaces such as the personalized
pers
and
emotional interfaces.
The personalized interfaces are interaction tools which use as input not only voice or
gestures, but also other elements from the environment in which the user is located.
The emotional interfaces,, as describe in the previous
previous sections, will detect and recognize
user emotions and will allow to use this information to improve services according to the
senior emotional status.
Furthermore another aspect that should be improved in AAL is the sensor-interfaces
sensor
for the
physiological
ical data monitoring.
monitoring. Currently this service is carried out with sensors that
interface with the elderly body in a way that, most of the times, it is considered too much
invasive by senior users because of their dimensions, shapes and, sometimes, the presence
prese
of wires. To be really accepted by senior subjects, the ICT technology should become an
“invisible” technology.

4.5

Communicating

“Communicating” is the AAL enabling technology related to the machine-machine
machine
interfacing. This aspect is really important because AAL services are made by technological
devices that cooperate together to provide the planned and desired action. So the machinemachine
to-machine
machine communication influences strongly the effectiveness, the efficiency and also the
exploitation in the real life
fe of AAL services.
4.5.1 Generic aspects
Standardisation and certification: 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
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.
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 midmid
term) due to the exhaustion of the IPv4 address space. A migration or convergence of the
proprietary wired and wireless
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
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(Bluetooth with IPv6
v6 addressing, 6LoWPAN – see the corresponding articles in the
repository of standards.)
Middleware: The availability of mature middleware will simplify the integration of sensors,
actors and services (application logic).
Semantic technologies:: Communication
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 machine-processable
machine processable manner, thus
enabling applications to better cope with
with the dynamic properties of the system.
Self-X:In
:In the long term, advanced network protocols will enable dynamic networks with
Self-X properties: self-configuration
configuration (auto-configuration),
(auto
self-optimization,
optimization, self-healing
self
and
self-protection
Data protection regulations
gulations:: 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
long term process on European level, initiated by the EC, with
w
a
broad involvement of “new” stakeholders (compared to the 1970s) such as industry and
end-user organisations.

4.5.2 BAN/PAN
A body area or personal area network (BAN/PAN) integrates the system components
(sensors, actors, IT components) that are worn by the
the user on the body, in the body, or
integrated into the clothing.
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
ular battery replacements for sensors and actors with low intrinsic energy
consumption.
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
matically 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 (UWB) technology will permit
Ultra-wideband: Radio applications based on Ultra-wideband
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).
4.5.3 LAN/Home network
Home network can be made of different classes of 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
ed for home automation.
An important issue both for the LAN and for the home automation field bus is the ease of
installation.
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.
4.5.4 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.
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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) and the trend
towards “fibre to the home” (i.e. the use of optical cables) for cable-based
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.
Tele maintenance: Future generations
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
open
the residential gateway to third-party
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
Intern
works, thus
enabling new or better services related for example to quality of service, roaming of mobile
devices, multi-homing,
homing, pooling etc.
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5 Conclusions
This document presents the first release of the AALIANCE Ambient Assisted
Assist
Living Strategic
Research Agenda, that has been developed during the first 18 months of the AALIANCE2
Project. This document builds on the processes and lessons learned from the previous
AALIANCE AAL SRA published in 2010 and from the feedbacks and contributions
cont
produced
by different AAL stakeholders that participated in the AALIANCE2 dissemination and
workshop activities.
The final version of the AALIANCE AAL SRA is expected to be published in March 2014 and,
currently, AAL stakeholders are still encouraged
encouraged to join the AALIANCE Network and become
experts that can contribute in some chapters of the AALIANCE AAL Roadmap and SRA, to
refine and enrich them. At this purpose, a number of dissemination activities, including
workshops, interviews and exhibitions,
exhibitions, are already planned in the next months to ensure
that the KETs projections truly represent a global view.
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