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1 Introduction

The world is addressing significant challenges due to the current and future demo-
graphic contexts. The number of people aged 65 years or over in Europe and the
U.S. will almost double between 2015 and 2060 [1, 2]. This will be linked with an
increase in people requiring long term care, i.e. a continuum of medical and social
services designed to support the needs of people living with chronic health problems
that affect their ability to perform everyday activities [3]. Currently, approximately
30% of people between 65 and 80 years of age require long term care. This per-
centage reaches 50% for those over 80 [4]. Longevity of people combined with the
decline in birth rate will also put pressure on the economic support of this care. The
Statistical Office of the European Communities (EUROSTAT) projects that, in the
next 30 years, the ratio between working and retired people, i.e. the old age sup-
port rate, will move from four-to-one to two-to-one in the EU [5]. Nowadays, EU
Member States spend approximately a quarter of their GDP on social protection [6].
These demographic and economic situations raise significant challenges towards
health and social care of the older population in terms of increased costs and lack of
resources.

Parallel to this social need by citizens and governments, there is an economic
opportunity arising from the expenditure related to the specific needs of the older
population, what is called the Silver Economy [7]. According to Euromonitor [8],
the spending power of this population group will reach $15 trillion by 2020 globally.
Moreover, older people wish to keep their independence as long as possible, trying
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to fend for themselves by having a fulfilling life in terms of everyday activities and
leisure.

Simultaneously to these changes in demography and attitude, faculties, and eco-
nomics of older people, there have been great advances in information and commu-
nication technologies (ICT), with a rapid deployment and adoption by the general
population. This has been mainly due to the introduction of the Internet and mobile
telephony, and in the near future, generalisation of home automation systems and
intelligent environments.

Technologies and services for Active and Assisted Living (AAL) stand out as a
possible solution to address these challenges. AAL systems aim at improving the
quality of life and supporting independent and healthy living of older or impaired
people by using ICTs at home, at the workplace and in public spaces. AAL refers to
the use of ICTs in the environments in which users are, so that these spaces are able
to interact with people in a natural way, wherever and whenever they are needed,
being aware of the context (situational, temporal, emotional, etc.) of the user or
the environment, and to act proactively. An AAL environment requires the use of
a distributed network of sensors and actuators to create a ubiquitous technological
layer, able to interact transparently with the users, observing and interpreting their
actions and intentions, learning their preferences and adjusting the parameters of the
system to improve their quality of life and work.

AAL establishes a new paradigm of how people use technology. This is due to
its holistic and person-centred conception, so that AAL could be usable, acceptable,
useful and providing social value. Of course, these AAL technologies and services
must be feasible and provide business value for the companies that develop them.
In order to fulfil this holistic view of technology, the solutions developed must in-
corporate in their conception, design and development, the involvement of experts
with different backgrounds: technology, health and care, social sciences, etc. What
is paramount is users’ engagement, in particular of those groups that may have a
greater reliance on technology or who can receive greater support in their daily
lives.

The objectives of AAL are diverse, as stated by the AAL Joint Programme [9]:

• to extend the time people can live in their preferred environment by increasing
their autonomy, self-confidence and mobility;

• to support the preservation of health and functional capabilities of the elderly,
promoting a better and healthier lifestyle for individuals at risk;

• to enhance security, preventing social isolation and supporting the preservation
of the multifunctional network around the individual;

• to support carers, families and care organisations; and
• to increase the efficiency and productivity of used resources in the ageing soci-

eties.

The stakeholders addressed by these objectives also cover a wide spectrum [10]:

Primary Older persons, their families and informal caregivers;
Secondary Formal caregivers, service providers, charities and voluntary organi-

sations;
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Tertiary Organisations supplying AAL technologies and solutions; and
Quaternary Service procurers, policy makers, insurance companies.

The wide spectrum of objectives and stakeholders offers many possibilities for
researchers and innovators in order to provide valuable services. This book aims at
offering a comprehensive review of the technologies and applications for AAL. That
is how this book is structured, incorporating some associated issues that intervene
in the design and use of those solutions.

2 Technologies for AAL

In order to provide AAL services in their place of need, such as care centres or per-
sonal homes of older people, researchers, engineers and technicians are challenged
by the wide scope of involved technological infrastructure. Depending on the spe-
cific application, several technological areas and research fields can be involved.
However, a common underlying infrastructure usually exists regarding areas as am-
bient intelligence and ubiquitous computing, that are closely related to sensor and
smart home technologies. The present book’s first part digs deeply into these areas,
chapter by chapter, highlighting and analysing specific works that have addressed
these challenges recently in the state of the art, as well as presenting their own con-
tributions. In the following, these chapters and the main goals which they address
are briefly summarised.

In Current State of the Art of Smart Environments and Labs from an AAL Point of
View: Critical Analysis, current contributions to the AAL technology development,
and more specifically to smart environments and labs, are synthesised to reflect the
current state of the field. Crandall & Cook focus on the engineering, including in-
frastructure such as sensors and middlewares, and user needs of AAL systems, along
two of the major applications of smart homes, namely health care and home automa-
tion. The current challenges and ongoing projects of the state of the art of smart
homes is then laid out based on summarising the work of the globally most active
research groups and commercial smart home technologies available.

Next, in Ambient and Wearable Sensors for Human Health Monitoring, the au-
thors Rodgers et al. study how monitoring of personal activity, vital signs and phys-
iological measures can be enabled in a manner that minimises disruption to an indi-
vidual’s daily routine, while protecting their privacy at the same time. Ambient and
wearable sensors that make this possible are reviewed, and special emphasis is made
on favouring engagement of individuals to reduce the reliance on healthcare systems
and improve self-care management of chronic conditions. Among other future chal-
lenges, the authors identify that both generating just-in-time actionable knowledge
and creating a learning health care system are dependent of having scalable and in-
teroperable systems, which can track behaviours concurrently and deal efficiently
with the big data issues that result from a growing array of networking sensors and
their data streams.
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Visual sensors can be considered a very special type of sensors, since in most
scenarios they are able to provide richer data about the environment than multiple
other environmental sensors combined. The chapter Computer Vision for Active and
Assisted Living analyses the state of the art of RGB cameras and depth sensors, de-
tailing how pattern recognition and machine learning methods are applied to human
motion and activity recognition and tracking. Planinc et al. use the traditional image
processing pipeline to illustrate how current AAL projects take advantage of com-
puter vision to approach a variety of applications from human behaviour analysis to
physiological monitoring. The use of depth sensors, such as the popular Microsoft
Kinect, for rehabilitation and robotics among others is reviewed, detailing skeletal
pose estimation and tracking techniques, as well as methods based on depth maps,
point clouds and plan-view maps. Finally, existing studies are synthesised related
to the accuracy of infrared and time-of-flight depth sensors in comparison to stereo
cameras and other marker-based tracking systems.

The different types of sensors and their readings, from binary to three-dimensional
images, provide AAL systems with very heterogeneous information about the en-
vironment on which to act upon. The chapter entitled A Data Fusion Approach for
Identifying Lifestyle Patterns in Elderly Care synthesises data fusion approaches
which are aimed at combining information from multiple sensors of the same or
different nature at varying levels of the system. A specific case of data fusion is
considered, i.e. the combination of motion detectors and cameras, namely passive-
infrared motion sensors, RGB cameras and depth sensors. Eldib et al. also introduce
an in-home monitoring system which fuses a network of motion sensors and low-
resolution cameras by combining the detected activities to identify the occupant’s
daily lifestyle pattern. Especially the deviations in these lifestyle patterns, such as
restful isolated days or busy social days, can be very valuable health indicators.

Another challenge that arises from the heterogeneous sensors and actuators that
can be employed in smart homes is their interoperability. Different underlying sys-
tems and protocols have to work together, since rarely one vendor can cover all
in-home, wearable and mobile technologies, that users want to use transparently.
This subject is addressed in Towards Interoperable Enhanced Living Environments,
focusing on interoperability in Internet of Things infrastructures. Spinsante et al.
summarise the basic challenges of interoperability as 1) device cooperation and
discovery, 2) reduction of the number of gateways, and 3) user-centred personal-
isation. Specific design methodologies and existing projects and frameworks aimed
at providing the necessary software architecture and the required network and data
interoperability are reviewed.

AAL services maybe as simple as reminding a person to take their prescription
each eight hours, or as complex as recognising that the average daily amount of
movement of an individual has been decreasing steadily and that this could imply a
health risk due to their medical condition. This means that sophisticated long-term
monitoring and detection may be necessary. In Reasoning systems for AAL, Azkune
et al. distinguish three functional layers in reasoning systems for activity moni-
toring, activity modelling and activity inference. Monitoring is achieved through
visual, environmental or wearable sensors, whereas modelling and inference re-
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quires learning techniques, either data-driven approaches that learn models from
user data and infer the corresponding class, or knowledge-driven approaches that
apply domain-specific knowledge and rules. Last but not least, the use of ontolo-
gies in AAL as support for reasoning systems is considered, as these can solve the
modelling of complex data domains (e.g. user context) in an expressive and formal
way.

Intelligent environments that enable AAL systems are not passive systems that
continuously read data and eventually show results on a screen, but interactive sys-
tems that have to be able to proactively engage with the user when necessary. In
the chapter named Person-Environment Interaction, the author Caleb-Solly presents
an overview of human-computer interaction methods and design issues for person-
environment interaction that are related to AAL. Special consideration is given to
the accessibility needs of people with age-related physical and cognitive impair-
ments, exploring different interaction modalities and technologies depending on the
specific impairment and other additional variables, such as stress and social context.

The last chapter of this part of the book dedicated to AAL technologies, deals
with telehealth. Among the valuable services AAL systems can provide, telehealth
stands out as a viable option for enabling individuals to live at home safely and in-
dependently despite requiring periodic or continuous assistance, which is nowadays
provided only in clinical environments. Health-oriented data analytics methods are
reviewed in Data Analytics for enabling Connected Health by Naguleswaran et al.
Furthermore, a novel data analytics method is presented. This decision support sys-
tem relies on data from smart phones to identify human activity patterns and detect
deviations based on individual health requirements. The system is also able to select
the appropriate features for this purpose and ignore irrelevant inputs.

3 Applications for AAL

These technologies can be applied to offer a variety of services in different environ-
ments, i.e. at home, in public spaces, and at work. The AALIANCE2 Coordination
Action presented several scenarios where AAL technologies can provide support to
older people [10]: prevention of early degeneration of cognitive abilities, healthy liv-
ing, management of chronic diseases, age-friendly and safe environments, fall pre-
vention, management of daily activities and keeping control over own life, keeping
social contact and having fun, outdoors mobility, avoiding caregivers isolation, and
senior citizens at work. The second part of this book includes chapters discussing
in detail some of these applications, the technologies employed in each case, and
presenting their own work to provide valuable services.

Activities of Daily Living (ADLs) are those common tasks that people do every-
day. Basic activities such as bathing, dressing, toileting and eating; and instrumen-
tal activities, including, for instance, shopping, housekeeping, food preparation and
ability to handle finances. In Supporting Activities of Daily Living, Shewell et al. re-
view how AAL technologies, in particular smart environments, enable older people
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to perform some of these activities. They present several approaches to make envi-
ronments intelligent: data driven, knowledge driven and context aware. Finally, the
authors describe some challenges to design robust and reliable systems to support
ADLs. These include data heterogeneity, interleaved activities, multiple occupancy,
and ethical and security issues.

Gait is noticeably closely related to a person’s well-being and personal auton-
omy, but it is also a very valuable metric for their physical and mental health state.
In Human gait analysis for frailty detection. Quantitative techniques and proce-
dures., Fontecha et al. study specifically the frailty syndrome considering gait ac-
tivity as main predictor of the functional disorder of frailty. Multiple sensors, as
accelerometer-enabled devices, pressure sensors and cameras, and analysis meth-
ods, based on different gait parameters and classification algorithms, are presented.
Next, the authors present their own methods and results in three different case stud-
ies using accelerometer-enabled smartphones, wireless sensorised insoles, and a
structured light sensor, respectively.

Increase in frailty may lead to a higher risk of having a fall incident. First, chapter
Fall prevention and detection focuses on automatic techniques to assess fall risk, as
a mechanism for prevention. Baldewijns et al. present different spatial and temporal
parameters, which can be obtained from gait, in order to estimate an increase in fall
risk. They also review the sensors that may be employed to calculate those param-
eters, next, different alternatives to visualisation and automatic interpretation of the
gathered data. Finally, as the authors indicate, although these techniques may pre-
vent falls, they cannot eliminate them completely. Therefore, they present different
methods for fall detection using body-worn sensors (i.e. inertial measurement units)
or sensors located in the environment (i.e. doppler radars, cameras, and RGB-D
devices).

Mobility is key to carry out many ADLs, for instance ensuring that older peo-
ple can continue their interaction with others to avoid social isolation, that they are
able to do their shopping by themselves, or that they can move independently at
home. Most mobile devices incorporate pre-installed applications for location and
navigation, however, commonly, they are not appropriate for being used by pedes-
trians or they miss valuable information required by people with physical or sensory
impairments. Hempel et al. in their chapter Outdoor Mobility Assistance – Technolo-
gies Helping on the Way present different systems for localisation and positioning,
as Global Navigation Satellite Systems (GNSS), infrastructure-based systems, dead
reckoning methods, and hybrid methods. They also introduce other aspects that are
relevant when designing navigation systems, as how to model the environment, and
how to facilitate the interaction with the user. Finally, the authors review several
products available in the market and relevant research projects in the area.

The chapter Location And Orientation Technologies Based On Wifi Systems For
People With Disabilities In Indoor Environment complements the previous chapter,
by studying the specific case of indoor systems, in which GNSS are not applicable,
as the line of sight between satellites and the users is blocked. Coret Gorgonio et al.
follow the Human Activity Assistive Technology (HAAT) model [11] to present the
different aspects involved in mobility support systems for people with impairments.
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The involvement of occupational therapists is very relevant at the moment of
prescribing the appropriate AAL technologies and services to support independent
living of older people. Young introduces the Person-Environment-Occupation Model
(PEOM) [12] in chapter Enabling health, wellbeing and engagement in life through
ambient assisted living technologies: An occupational therapist’s lens, as a frame-
work for that prescription. Next, the principles for universal design are enumerated.
Finally, the author reviews different examples of solutions to support older people
in their well-being, health, social interaction, and engagement in life.

Other systems carry out a continuous monitoring of vital signs using wearable
sensors, interpret the acquired data, support the medical staff or the carers to take
a decision, and present the feedback in a meaningful and valuable way. Baig et al.
review different decision support systems for inpatient care which provide data and
feedback using tablets. This chapter, Tablet-based Clinical Decision Support System
for Hospitalised Older Adults, analyses the current issues and challenges involved
with the use of tablets in hospital care. Finally, the authors propose a decision system
to provide individualised monitoring and interpretation of the vital signs in order to
diagnose different health problems.

4 Associated Issues and Case Studies

In the third and final part of the book, cross-cutting issues of AAL systems are
tackled, which go beyond technology and applications and affect an AAL system’s
whole lifetime from design to result evaluation. These issues, such as the design of
AAL services, accessibility, and privacy, have come up several times in this book,
and it can be seen clearly how challenging and wide-scoped these subjects are when
targeting in-home technology and health care services. In Smart, Age-friendly Cities
and Communities: the Emergence of Socio-technological Solutions in the Central
and Eastern Europe, smart cities and age-friendly communities are studied, focus-
ing mainly on universal design, usability and accessibility. Klimczuk & Tomczyk
present examples of such cities and communities and the concepts and premises
that grounded these developments. Then, a closer look is taken to Central and East-
ern Europe analysing the local needs of older adults, and how the challenge of a
rapidly ageing population is handled along an often deficient existing infrastructure.

With all the analysed technologies and applications AAL compromises, one
could ask the question of how a really accessible environment would look like
that enables seamless multimodal interaction for older adults and impaired inhab-
itants, with both existing and emerging assistive technology solutions. Stephanidis
attempts to answer this ambitious question in the chapter Towards accessible Ambi-
ent Assisted Living environments. By presenting such an accessible AAL environ-
ment, the emerging requirements are analysed, along the existing work of the state
of the art and open challenges.

Perhaps one of the most clear issues associated with the adoption of AAL sys-
tems in private and semi-private environments is how the right to privacy can be
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protected without decreasing the quality of the service and, in particular, the recall
of monitoring systems that detect situations of risk, such as falls. In Privacy and eth-
ical issues, Florez-Revuelta et al. introduce privacy, ethical and legal issues related
to healthcare technologies. With this context, design principles for privacy-aware
technologies are presented. One particular case of technology is studied in further
depth. This is visual monitoring with cameras, since this is one of the most intrusive
technologies seen throughout this book. Different methods for visual privacy pro-
tection are reviewed, and an approach to offer different visualisations based on the
user’s context is presented.

End-users of AAL services have to be involved from very early design stages
to avoid unexpected user experience conflicts. However, even when this is done,
older or impaired adults are extremely heterogeneous, which makes it very dif-
ficult to find the right target group and approach the design stage appropriately.
In Human-centred design with older adults: examples and recommendations for
research, ideation and testing, Correia de Barros & Vasconcelos go through the
principles and practice of human-centred design with older adults reviewing exis-
tent literature and defining recommendations for the phases of ideation, testing and
refinement. As a result, this chapter is very useful for both researchers and practi-
tioners to support human-centred design processes.

Finally, the last chapter of this third part of the book presents a case study that
goes from the initial design of a specific home platform to the final evaluation of
experimental results obtained on an implemented proof of concept. In Design and
Implementation of a Smart Home Technological Platform for the Delivery of AAL
Services: from Requirements to Field Experience, Spinsante et al. first provide an
overview of existing technology platforms used in research projects, and then in-
troduce their platform for AAL service provisioning. Due to the close collaboration
with several small medium enterprises which contributed their own technology, spe-
cial attention is given to interoperability and product integration. During the evalu-
ation of the experimental results, several aspects are addressed, not only limited to
technology and the successful use of AAL services, but including also data manage-
ment and analysis, and user interaction.
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