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Abstract. The growing number of older people emerges the need to consider autonomy
concerns for those people and their need for intensive care. Plenty of researches, such as
those in the domain of Ambient Assisted Living Systems, have been carried out to
create enhanced conditions for older and people with disabilities, based on providing
ICT solutions that enhance the well-being of elderly people and provide them with well
independent daily living. In this paper, for better efficiency for such solutions, different
essential requirements should be realized to meet those system objectives towards
various users. These requirements are identified and introduced. Set of systems has been
introduced with their solutions and provided services architecture, to reach the main
goal of this work, by evaluating these systems from identified requirements perspective,
by studying the functionalities of each system, if they meet the proposed requirements.
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1.

Introduction

The number of elderly people will rapidly grow according to the new European
population projections for 2008–2060 [1]. This growing number of older people will
cause considerable issues for most European countries, since these aging people are
living alone and need intensive care. Various researches have been carried out to
provide ICT based solutions that enhance the well-being of elderly people and
provide them with a well margin of independency in their daily life. Ambient Assisted
living (AAL) systems aims to create improved conditions for older people as well as
people with disabilities and reinforce the well-being of tem through the use of
information and communication technology. These objectives are reached by

providing different types of solutions for various users, which aim to enhance the
quality of life for aging groups and take care of their health conditions. Therefore, in
order to accomplish their objectives, the provided solutions should have specific
features that increase systems efficiency towards user expectations. These features
could, for instance, provide cost effective solutions with the consideration of user
needs involvement, and privacy, as well as considering the participating of all related
users, such as caregivers, family members and medical staffs, in the utilization of the
system.
The contribution in this work is to identify a set of crucial features for Ambient
Assisted Living systems to increase the idealism of these systems towards user needs
and expectations, and surveying various projects to investigate what features they
maintain in their functionalities, by studying systems architecture, included
technologies and provided services.
This paper is organized as follows. Section (2) analyzes and defines the specific
features of AAL systems and introduces the main requirements of an AAL system.
Section (3) presents number of projects and systems that are developed under various
programs and approaches, to provide ambient assisted living services for elderly
people and people at home. Section (4) makes evaluation of the proposed systems in
section 4, according to the stated requirements defined in section 3. The paper make
conclusion in section (5).

2.

Ambient Assisted Living Systems

Recent years, we are seeing the raise of techniques and technologies dedicated to
make houses "intelligent", by providing different kinds of devices and services to
people with disabilities (due to age or disease), which allow a more comfortable life
and better safety [2].
Diverse researches have been conducted to use the latest technologies and facilities
to enhance the well-being and support the independent living of older people at home,
based on the notion of “ambient assisted living” (AAL), by the use of pervasive ICTs
to enable the older persons to live autonomously in their own homes [3].
The AAL is an approach that aims to create better life conditions for older people
and to reinforce the industrial opportunities in Europe through the use of information
and communication technology (ICT), by providing more efficient and more
productive solutions. According to [4], services provided by AAL systems can be
categorized into emergency treatment services, autonomy enhancement services as
well as comfort services which significantly improve the quality of life. To develop
such a system, users and deployment environments have number of specificities that
should be considered when an AAL system is developed, to fulfill the user
requirements [5], as the capability of users, their acceptability, as well as target
platforms capabilities of deployment environment and used devices configuration.
As the AAL systems considered as pervasive software systems [3], a number of
non-functional requirements need to be considered in any system. Such nonfunctional requirements [6] are adaptability, interoperability, availability, distributed
access points, maintainability, price, acceptability, etc... Some of these requirements
are specific to home automation support systems [7], which can summarized by the
following:

 Adaptability: In definition, the ease with which a system or component can be
modified for use in applications or environments other than those for which it was
specifically designed [8]. As a crucial requirement for AAL systems, home
automation services must address the specific needs of users, closely related to
their disability, but also the configuration of their living space. In [9], different
requirements of the various users, according to their capabilities and disabilities, in
addition to the evolution of these requirements must be considered, as well as the
evolution of the living space. This includes the ability of adapting the services
dynamically without user intervention.
 Interoperability: According to [8], interoperability is the ability of two or more
systems or components to exchange information and to use the information that has
been exchanged. We must address the heterogeneity of technologies and
communication protocols found in a home, as well as those who are to be
integrated. Smart home environment includes various types of heterogeneous
systems and services [10]. These heterogeneous systems are belonging to different
middlewares [11], totally isolated from each other, and running with different
technologies. The heterogeneity of systems considered as an essential challenge for
the integration of all devices according to a standard mechanism that makes the
heterogeneous systems interoperable and “speak the same language” apart from the
used technology [11].
 Reconfiguration: Reconfiguration is defined in [12] as “reconfiguration is a process
to perform changes to the system to ensure correct suitability to the current context.
Changes can be made to the software, the hardware, or to both, and are triggered
due to either objective changes (adaptively), or to service failures (faulttolerance)”. The availability in case of failure is an essential feature that must be
taken into account to ensure the delivery of a service [13]. In other words, it is the
ability to overcome the failure of service implementation through the definition of
different scenarios during the design time. Reconfiguration is performed using
statically defined reconfiguration rules in resource descriptions [12], [13], or in a
dynamic manner based on reconfiguration rules generated in execution time.
 Distributed access points: In [16], the degree to which a component, including
devices, systems, resources or services, can be used by as many people as possible.
The services provided by the AAL system need to be accessible from different
access points, in order to make all users (medical staff, the elderly, the relatives)
participate in using the services according to their roles [4].
What have been introduced in this section are some issues that are specific to the
home automation assistance systems or AAL solutions, when other requirements are
involved in the general acceptance of a home automation solution and related to the
common approval of final users, which is efficient and effective towards elderly
people needs, based on adding non-functional attributes to the ICT solution [17].

3.

Overview Of AAL Systems

In recent years, the EU has funded different projects promoting independent living
for elderly. As examples of these projects, the project funded by ICT Policy Support
Programme under the Competitiveness and Innovation framework Programme (CIP)

[18] and the Seventh (FP7 -2007-2013) Framework Programmes for Research and
Technological Development [19].
The Ambient Assisted Living Joint Program (AALJP) [20] is focused exactly on
this topic. The solutions funded by this program are categorized, according to the
afforded solutions, into six key groups as stated in [20].
In this paper, four systems have been chosen to be introduced and to be evaluated
according to specified requirements. Choosing of those systems are based on the well
documentation provided with each of them, in which the functionalities and the
architecture of each system are described, in addition to the scientific papers and
publications related to each system, in which the objective and the services they
provide are illustrated in details. The four projects are briefly described in the
following sub sections.
3.1.

GiraffPlus

GiraffPlus (January 2012- December 2014) is one of many running projects that
are financed by the CIP and the FP7 [21]. This project addresses number of issues
related to enhance the well-being of elderly people and extend their independency of
living, by the early detection of possible health problems to decline them and
providing services to assist those have deficiencies [22]. The main components of
GiraffPlus system consists of a network of sensors that ubiquitously integrated in the
home and categorized into physiological and environmental sensing devices. The
collected data from these sensors are interpreted by an intelligent system which in
turn prompts alarms or reminders for two kinds of users, the elderly users at home
(primary users) and related caregivers and health professional (secondary users). The
system consists also of telepresence robot, the Giraff robot, which is controlled over
the internet by a remote user to move inside the home, in order to assist the elderly
users to sustain their social contacts with other users. Giraff robot has an interface
(similar to Skype) and equipped with communication facilities [22]. Further
information about GiraffPlus can be obtained from [23].
3.2.

InCASA

“Integrated Network for Completely Assisted Senior citizen’s Autonomy
(InCASA)” (April 2010 - September 2012) deals with citizen- centric technologies
and public/ private services network, to help and protect independent elderly people,
prolonging the time they can live well in their own home by increasing their
autonomy and self-confidence [9], [24]. This project is also one of the projects that
have funded by the CIP and the FP7.
The main objectives of InCASA project are to provide elderly people with
solutions to monitor their health conditions when they are at their homes, to provide
General Practitioners (GPs) and health professionals with technological facilities to
remotely analyze and control elderlies’ health conditions, and to ensure care
continuity through the interaction between the elderly at home and his/her health
professionals [9], [25], [26]. In order to meet its objectives, InCASA architecture is
organized into three main tiers which purpose at providing integrated solutions and

services to control the environment and health conditions for the elderlies and give
feedback and alerts to the users. The three tiers are illustrated in [25].
3.3.

eCAALYX

This project is one of many projects that has been developed and currently
developed under the AALJP Programme. The AAL JP is “a funding activity that aims
to create better condition of life for the older adults and to strengthen the industrial
opportunities in Europe through the use of information and communication
technology (ICT). It carries out its mandate through the funding of across-national
projects (at least three countries involved) that involves small and medium enterprises
(SME), research bodies and user’s organizations (representing the older adults)” [27].
The project eCAALYX (Enhanced Complete Assisted Living Experiment) is a
three-year project between 2009 and 2012. ECAALYX continued the advantages of
the architecture and functionality that are developed by the project called CAALYX
[27], [28], and aims to provide a solution in order to improve the well-being of elderly
people at home and extend their independency for longer periods, by developing
home and outdoors 24/7 health telemonitoring / telehealthcare services for older
people, including those with multiple chronic conditions. The key objective of
eCAALYX project is [27], [28] to monitor the health of elderly people and people
with chronic conditions, in order to improve their quality of life by strength their
autonomy and safety, by providing continuous health support for elderly persons that
assists in prolonging the need for intervention from health professionals and avoiding
the descent of health circumstance. The project objectives could be accomplished by
providing an ICT solution that meets all users’ expectations.
The proposed ICT solution is based on an architecture, which consists of three
main interconnected subsystems which are Home Subsystem, Mobile Subsystem and
Caretaker Subsystem. This architecture is figured out with more details in [28].
3.4.

Danah

This project is one of seven projects that are emerged by the team MOCS
(Methods, Tools for Circuits and Systems) in the Lab-STICC laboratory in France.
This team participated for many years in the development of home automation
projects aiming to assist dependent people. The researches area of these projects is
particularly “pervasive systems to help the handicaps” [7]. These projects are funded
by the Bretagne region and the General Council of Morbihan.
The main objective of Danah project (2006) is to set out the different scientific
issues from previous projects to improve the propositions that have been made [14].
The project proposed a middleware that integrates a process of multilevel
reconfiguration, static and dynamic reconfiguration of home automation services, in
addition to the topological reconfiguration of paths for the movement of an intelligent
wheelchair. Danah middleware is based on client-server architecture (distributed
system). Home automation terminals (Danah servers), are distributed in the
environment [7], [12]. A terminal can thus be connected to a home automation bus
KNX-EIB [15] to control equipments connected to it. Other terminals are responsible
for monitoring equipment to local activation via infrared or Bluetooth such as

multimedia equipment. The user, equipped with a PDA (Personal Digital Assistant)
embedded in his wheelchair, has the opportunity to reach the services and methods
published by these terminals.

4.

Evaluation Of The Systems

Following the identification of AAL requirements in addition to the introduction of
different AAL projects and knowing their architectures, this section, evaluate the
previous projects from system requirements perspective; the four AAL solutions
should be investigated to emphasize if they meet the general AAL requirements
which have been mentioned in section (2). Those requirements again are: adaptability
of services, interoperability of services, reconfiguration, and distributed access points.
 GiraffPlus is configured to have an important feature that makes the system
adaptive in a way allowing for adding and removing services easily and related
sensors that provide these services. In addition, the system is configured to accept
the adaptation [22]. The system architecture consists of number of integrated
functionalities; one essential part of system architecture is “Data Visualization,
Personalization and Interaction Service” which is responsible for creating useroriented service. In addition, the system meets the requirement of distributed
access points, since it includes not only the users at home, but also their family
members and caregivers who are able to connect and control Giraff robot, as well
as have access through PCs to the information and activities of the elderly people.
This also applied for the medical stuff that are also can access the system to obtain
health measurements [21]. GiraffPlus system architecture is designed by
integrating a middleware infrastructure that hiding the heterogeneity of the
computational resources used in the living space, since that the services provided
by the system components are developed using different technologies and
connecting with each other using different protocols.
 InCASA system is developed using an architecture that allows for the main blocks
of the system to communicate regardless the used protocols or the coding modules
[24], which in turns undertake the heterogeneity of protocols, which are used in the
Body Sensor Network and in the Home Sensor Network [9]. The functional
architecture of InCASA are realized using four levels of communication at home,
with service center and with external users such as relatives, caregivers and general
practitioners, which give different users of the system the ability to use the system
and interact with it from different locations.
 eCAALYX home healthcare monitoring approach is performing the provided
services depending on a system architecture that permits customization of the
services, which makes these services adaptive to each user needs including the
changing condition of the users at home [28], by reusing the Telecom remote
management infrastructure as a unifying layer between different low-level sensor
communication protocols and health communication standards. The
interoperability between different system components is also underlined, since
eCAALYX eHealth service interoperability approach “builds on Continua Version
One standard and the Broadband Forum TR-069 CWMP specification” [28].
“Continua” is a defined standard that aim to develop ICT based healthcare systems
following interoperability guidelines [29].

 Danah project is considered the reconfiguration of services in case of failure by
defining a set of reconfiguration scenarios in the resource description. The
developed middleware in the system, allows to deploy Danah in heterogeneous
living space, regardless of the communication technology and used technologies,
since the system uses different communication protocols to communicate clients
with servers, such as KNX/EIB, X10, infrared, Bluetooth, and WiFi [15].
Table [1] summarizes the general AAL systems’ requirements and how they are met
by the four systems.
Table 1. Evaluation of AAL systems
Adaptability

Interoperability

Reconfiguration

Distributed Access Points

GiraffPlus

X

X

-

X

InCASA

-

X

-

X

eCAALXY

X

X

-

-

Danah

-

X

X

-

5.

Conclusion

An Ambient Assisted Living system is characterized by its functional and
nonfunctional properties that it contains to meet its users expectations and needs.
Increasing the efficiency and effectiveness of a system is achieved when it has as
features as possible to reach it objectives. The main contribution of this paper is to
evaluate number of Ambient Assisted Living Systems in order to characterize the
main features that these systems have included. This evaluation based on identified
requirements. By studying the different AAL systems according to the stated
requirements, it is outlined that these systems meet the requirements partially. Thus,
the attempt is to propose a system that meets all requirements so that it can be govern
that the system meets all users’ expectations. From this study, it is also stated that
reconfiguration as an essential requirements is not considered systemically in most
AAL systems, even though reconfiguration and failure tolerance in case of error
occurrence, is considered a crucial requirement for distributes systems, especially
those systems that deals with health conditions and assistance such as AAL systems.
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