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Abstract—One of the main challenges which society faces as our
population continues to grow is the demand which is being placed
of both health and social care provision. This is coupled with the
need to develop new approaches to allow the general public to
take more control of their own health and lifestyle management.
The increased prevalence of technology usage, its reduced costs
and improved processing and communication capabilities are all
key factors which have resulted in new technology based
solutions being investigated to address these challenges. Through
a consolidation of sensing technology with the ability to record
data, intelligent data analysis to interpret the data collected and
personalised interfaces to support interaction with users, it has
now become possible to deliver support both when and where it is
required. The aim of this paper is to provide an overview of the
technological motivations and solutions which have been
developed to support home based care. Specifically the work
presented will discuss the challenges associated with managing
the data generated within a smart environment and from a
technology perspective consider what are the future trends within
the domain.

schemes. The WHO have, at a general level, identified a
number of areas where effort should be directed in an effort to
alleviate some of the aforementioned challenges:

Home based care, assistive technologies, behavioural analysis,
smart homes, smart environments, information management.

This paper aims to provide an insight into the motivations
behind the introduction of technology based home care. In
addition, consideration will be given to the complexities of
managing data from heterogeneous sources along with an
insight into expected trends for the future. The remainder of
the paper is structured as follows. In Section II an overview of
a number of technological concepts and architectures is
presented. This is extended in Section III when the notion of a
smart home is introduced along with the types of information
which can be monitored. Section IV considers the trends
within this area and introduces a number of potential areas
where improvement in the overall process of providing
delivery of care at home may be targeted. The paper is
concluded in Section V.

I.

INTRODUCTION

It is a recognised fact that the world is rapidly ageing.
According to projections from the United Nations, estimates
suggest that the world’s population will increase to close to 8.9
billion within the next 40 years. This equates to close to a 47%
increase since the year 2000. Within nearly every country
across the globe, the age group of those aged 60 and over is
the fastest growing. The main contributing factors to this
growth can be attributed to increased life expectancy and a
decrease in fertility rates. According to the World Health
Organisation (WHO), by 2050, the number of older people on
a global scale will have increased to 2 billion. This is an
increase of nearly 3 fold, given the figure of 600 million older
people in the year 2000 [1].
The advances from economic,
social and medical
perspectives can be viewed as the main contributing factors to
global ageing. Nevertheless, the consequence of an ageing
society has resulted in many challenges in the form of
increased demands being placed on health and social care along
with burdens being placed on both social insurance and pension
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•

Healthy ageing and prevention of chronic disease.

•

Improvements in the process related to management
of chronic disease.

•

Creation of environments which can be recognized as
being age friendly.

Taking all of this into consideration it is evident that there
are benefits to be gained by addressing the challenges which
are presenting themselves from an ageing population.
Although not being claimed as the definitive solution, the use
of technology is being widely recognised as having a
significant role to play. Its increased prevalence, reduced costs
and improved processing and communication speeds are all
key factors which have resulted in new technology based
solutions being investigated.

II.

TECHNOLOGY AND HEALTHCARE

Technology has been used within medicine for an extended
period of time. Augustus D. Waller is recognised as the first
person to record the electrical signals from the heart using a
mercury capillary electrometer in 1887 [2].
Einthoven
extended the work of Waller and developed the string
galvanometer in 1903. Hans Berger made one of the first
recordings of the electrical signals produced by the human
brain in 1924 and began the process of identifying normal and

abnormal brain waves. The usage of computeerized techniques
to process electrocardiograms by Pipbergger in 1957 is
considered to be the first instance of computeers being used in
medicine [3]. Since then, over a period of sllightly more than
50 years, computer based technology has embedded itself
firmly within the provision and managemeent of healthcare
extending hospital, community and home bassed settings. This
has been largely influenced by advancess in computing
technology, the Internet and both fixed and w
wireless modes of
communications.
Although there have been many effforts to define
terminology along with presentation of high levvel strategies and
impactful aims of how technology should bee used to support
home based care, the Ambient Assistedd Living (AAL)
Program has encapsulated the key aspects w
which should be
taken into consideration [4, 5]. Through thheir consolidated
efforts a Program of Work has been establlished which has
recognised that there is an opportunity to improove the quality of
life of older people through the use of Information and
Communication Technologies (ICT).
Thhis requires the
combination of products, services and systeems that together
have the potential to create smarter environm
ments at home, at
work and in the community. Figure 1 depiccts what may be
interepreted as the main factors which contribbute to the AAL
Program.

1. Sensors. These are the deviices which are installed and
seamlessly embedded within
n the home and can collect
information as people undeertake their daily activities.
Examples of sensor based teechnologies include motion
sensors, video capturing and
d the recording of basic vital
signs.
ponent is responsible for the
2. Data processing. This comp
processing of the data colleected in an effort to detect
either changes in behavior over
o
time or identifying that
assistance is required at a speecific point in time.
3. Environment Control. Bassed on the output of the
previous stage of data pro
ocessing various forms of
interactive technology can be used to either control the
environment or provide feed
dback to the person within
their environment.

Figure 2. The Smart Home Paradigm witth the three main components of
Sesning Technology, Data Processing and Environment
E
control.

Figure 1. Overview of the main factors contributing to tthe Ambient Assisted
Living Program [4, 5].

III.

THE SMART HOME PARAD
DIGM

A number of home based assistive technoologies have been
successfully introduced which can offer impproved levels of
independence for example medication manaagement devices,
devices to acquire vital signs, cognitive prossthetics, to name
but a few [6]. There is, however, benefit tto consider more
information than that which is provided byy a single device
working in isolation. This provides an opporrtunity to create a
smarter living environment and is in accoordance with the
visions of the AAL Program of using ICT prroducts, services
and systems in an effort to counteract tthe impairments
associated with ageing.
If we consider the smart home paradiggm, in its most
general sense, we can identify it as havving three main
components (refer to Figure 2):

The area of research within this domain
d
has attracted a huge
amount of interest from academic, industrial and clinical
perspectives. A number of demo
onstrator environments are
currently in place along with a range of larger scale
environments which are aiming
g to provide real living
environments to support ageing in place [7, 8]. Although these
environments are in existence, their provision of home based
oviding a framework which
care has not reached a level of pro
supports all elements of required su
upport which can be tailored
on a case by case basis. As such, it is very much an active area
c
requiring further
of research with a number of key challenges
consideration.
IV.

D OPPORTUNITIES
CHALLENGES AND

As previously discussed, althou
ugh significant progress has
been made within the domain of sm
mart environments, one of
the key outstanding issues in the deelivery of an efficient form
of care provision at home is the ap
ppropriate management and
processing of the heterogeneous datta generated from the sensor
technology.
From a sensing perspective
p
a number of
parameters can be acquired which can provide information in
relation to the health and well beeing profile of the person
within their home. This information
n can then be used to either
provide a form of real time assistancce or, following assessment
over long periods of data collecttion, deliver warnings in
instances of cognitive or physical deecline.
General health status can be asssessed through usage of a
number of off the shelf technologies which can be integrated

into home based networks through either ffixed or wireless
communication means. Assessment of activvities within the
environment can be captured through wearaable technologies
with inbuilt accelerometers for example mobiile phones or can
be captured more subtly through interactionn with everyday
devices such as the Nintendo Wii. Assistive ttechnologies such
as cognitive prosthetics, medication managem
ment devices and
fall detectors can all relay information to a central processing
unit within the home. In addition, a user’s intteraction with the
environment for example opening doors andd lifting objects,
along with motion sensors detecting spatial orientation, can
provide information which can support behaavioural analysis.
As depicted in Figure 3, based on the availaable information,
analysis can be provided at two levels. In tthe first instance
coarse grained analysis can provide an uunderstanding in
relation to a person being active or not, oor that a specific
discrete vital sign measurement is within or oout of range. On
the other hand, a finer grained analysis off the information
collected can provide an insight into the typee of activity. For
example pacing, wandering in a room or aanalysis of object
interaction can provide specific details of whicch stage a person
is currently at in terms of completing a task.
The real benefit of all of these sensing teechnologies, and
perhaps the key opportunity within the management of
is the
information within the smart home paraadigm,
consideration of how they can be used to auggment the overall
information management process. For exam
mple, a contact
sensor can be used to detect that someone hass opened a fridge,
however, if there are two people in the enviroonment it will be
unclear which person it is. If the underlyying information
management engine were to be augmented w
with rudimentary
video processing information with the capability to
differentiate between two people based on theeir body shape or
clothing colours, then it becomes possible too detect not only
which object has been interacted with, but aalso which of the
two people it actually was.
There exists a trend at present wherre the level of
information processing is now moving bbeyond that of
considering information from one device inn isolation to a
framework which can manage and processs heterogeneous
information sources. As a result, more eelaborate service
delivery will become possible which will havee the capability to
address practical challenges in managing caare within smart
environments.
V.

CONCLUSION

It is evident that technology has a role too play in offering
improvements in home based care managemeent. The creation
of a smart environment within the home has the ability to not
only offer an opportunity to embed sennsors to acquire
information about a person within their ownn home, it also
provides the opportunity to process the information and
subsequently interact with the person wiith the aim of
enhancing the underlying quality of life.

Figure 3. Augmentation of information collected
c
within the smart home
environmen
nt.

To date, the impact of reseaarch conducted within the
domain has provided a deeper insight into the factors
velopment of technology to
associated with the design and dev
support independent living. This has the benefit of being
available to inform further work in this area. Many challenges
nt hindering the large scale
currently exist which are at presen
rollout and uptake of smart environ
nments. Within this paper,
the concept of improving the overrall process of information
management has been considered
d through a framework of
combining heterogeneous data. Altthough this may be viewed
as only one component of a much larger challenge, it is the
author’s view that such incrementaal advances can in the long
term have a much more significant effect.
e
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