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Abstract. Tele-assistance services based on Information and Communications
Technologies can notably improve the quality of life, for both elderly and their
relatives, increasing their peace of mind, confidence and security. This paper
describes two of the services which have been developed for the TeleCARE
platform, Agenda Reminder and Living Status Monitoring, from the point of
view of the improvement of the quality of life, their main functionalities and
their distributed architecture, fully integrated with all the components of the
platform.

1 Introduction

The first aspect we must analyse is the concept of tele-assistance. Tele-assistance
is a set of services which, with the aid of new technologies in computing and tele-
communications, allows elderly people to be connected to one or more specialised
care centres, with specifically qualified staff, who can provide an appropriate re-
sponse to situations arising, either by themselves or by mobilising other human or
material resources belonging to the user or existing within the community.

Thus elderly people who do not need permanent care and the presence of other
people can be sure that in any crisis, whether of anxiety and loneliness, accident,
medical emergency, or any incident in their home, they can get in touch immediately
with the care centre.

Therefore, the basic aim of tele-assistance is to help ensure that vulnerable people
can remain in their habitual surroundings, thus improving their quality of life, in-
creasing their confidence, their well-being and their safety, and avoiding the large
personal, social and economic costs brought about by being uprooted from these
surroundings, facilitating contact with their social and family environment and ensur-
ing immediate intervention in the case of personal, social or medical crises to provide
security and contribute decisively to the avoidance of their unnecessary transfer to
residential centres.

Tele-assistance involves not only the specialised Centres, but also other family
members in the care and monitoring of their elderly relatives, increasing the informa-
tion available to them and producing an increase in their confidence, well-being and
quality of life.
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Tele-assistance is the very essence of the TeleCARE IST project (Camarinha-
Matos and Afsarmanesh, 2002), whose aim is to provide a horizontal support for a
structure composed of a number of organisations dedicated to attending to elderly
people themselves and to their families.

At present there are a number of new technologies, such as mobile multi-agent sys-
tems, federated information management, secure communications, hypermedia inter-
faces, rich sensorial environments and the increased intelligence of home appliances,
which make it possible to create high-performance systems. Specifically, mobile
multi-agent systems and federated information management are the main technologies
used to design and develop the TeleCARE platform, an infrastructure which is suffi-
ciently flexible to house the other new technologies, and to serve as a basis for the
construction of specialised assistance services.

Together with this basic infrastructure, two vertical services directly related to tele-
assistance have also been developed: the “Agenda Reminder” service and the “Living
Status Monitoring” service, and the main purpose of this paper is to present these.

The paper is structured as following: section 2 presents the description of the
Agenda Reminder service and its functionalities, as well as a brief overview of the
technological solutions proposed for supporting it; section 3 presents the other ser-
vice, the Living Status Monitoring service; in section 4 a general view of TeleCARE
system, as a result of the IST TeleCARE project, is shown; section 5 describes the
architecture for supporting the Agenda Reminder and Living Status Monitoring ac-
tivities with mobile agents; and section 6 presents the conclusions.

2 The Agenda Reminder

2.1 Introduction

The agenda planed for the TeleCARE platform aims to provide the elderly with a
better well being by reminding them of the activities they have to do in order to keep
them healthy and socially integrated, representing an important compensation for
their loss of memory.

Both elderly care professionals and elderly relatives have stated that these people
experience difficulties in remembering the things they have to do in order to have a
better life and a better quality of life. They can even also voluntarily obviate the exact
procedure of their behaviour, varying or ignoring physical exercises, meetings with
several people or follow specific diets under their own criteria. The latter leads, usu-
ally, to a worsening of their quality of living, health status or to a slower recovery of
their illnesses, facts which should be avoided as much as possible.

In order to achieve these aims, the “Agenda Reminder” service will provide the
necessary software and hardware systems in the Care Centre, in the home of the eld-
erly person and that of his/her relatives, allowing the management of the elderly per-
son agenda.
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Functionalities Target users Topology
- Start new agenda Care professionals  Care Centre (coordinator) or
- Edit agenda entries: exercises, appoint- Tele-assistance Centres
ments, medication reminder, etc. Elderly people
- Send reminder & get confirmation Elderly homes
- Generate alert to Care Centre Elderly people’s
- Generate alert to relative(s) relatives Relatives homes / work places

Table 1. Functionalities, target users and topology of the Agenda Reminder Vertical Service

2.2 Functionalities

As mentioned above, the “Agenda Reminder” must allow for management of the
Agenda of an elderly person by entering appointments and/or events which he/she
must not miss. Modifications to the Agenda are carried out by the staff of the Care
Centre, who will act on proposals from the elderly person, from his/her relatives or
according to requirements which they themselves believe appropriate.

The service will also allow for the management of reminders, and the distribution
of possible alerts derived from these, to the different actors in the system.

In order to achieve these aims and given the functionality required, the vertical
service will be structured in three subsystems:

e Management of the Agenda: This subsystem will centralise all management
and maintenance of the activities of the elderly person, and so will be com-
posed of tools to allow the Care Centre staff to deal with proposals for up-
dates, and, based on these, to create, modify or delete an entry in the agenda.
In addition, the Care Centre will directly enter all appointments or events it
deems appropriate for the benefit of the elderly person.

e Management of Proposals: This subsystem will allow the actors involved (eld-
erly people and/or relatives) to make proposals for creating, modifying and de-
leting events from the agenda.

Management of Reminders: The main objective of this subsystem is to generate
automatic reminders of events for the elderly person, assuring, as far as possible,
the correct receipt of the reminder, and, where appropriate, confirmation that the
external action associated to the event has been carried out. Alerts will be gener-
ated in case the confirmation does not arrive, which will provoke direct communi-
cation by the staff of the Care Centre with the elderly person or other contacts ex-
ternal to the system.

Section 5, which covers the approach used in TeleCARE, analyses all of those
technical aspects which make it possible to put into practice the considerations de-
scribed in the Agenda Reminder service.

The next chapter will describe in the same way the vertical service related to
the monitoring of the life of the elderly person.
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3 The Living Status Monitoring

3.1 Introduction

The assistance is intended to be provided both on demand of the user (requested
assistance) by means of e.g. alert buttons or hands free communication devices, and
automatically (automatic assistance) via information provided by sensors. Further-
more, bi-directional information flows, together with complementary information
sources (e.g. cameras and sensors) will provide more accurate characterization of the
situation and will reduce the number of un-necessary dislocations of care personnel.

This service offers a number of benefits:

= From a social point of view, the elderly and their relatives enjoy a higher
peace of mind, thus improving their quality of life.

= From an economic point of view, the adjustment of the response degree
leads to important savings in home assistance costs.

Functionalities Target users Topology
- Define monitoring conditions
- Collect sensors information Care Centre (coordinator) or Tele-

Care professionals R
P assistance Centres

- Call for assistance (alarm button)

- Access elderly people’s file

- Locate elderly people

- Contact / advise elderly people Elderly peoble’s

- Generate alert / warning to Care Centre 1y peop Relatives homes / work
. . relatives e

- Generate alert / warning to relatives places(notification only)

- Call emergency services

IR PR Elderly homes

Table 2. Functionalities, target users and topology of the Living Status Monitoring Vertical
Service

3.2 Functionalities

The Living Status Monitoring (LSM) vertical service consists basically of monitor-
ing and supervising the activities of the elderly person in his/her own home, by means
of a number of devices which, upon detecting any irregular behaviour, inform the
Care Centre so that the appropriate action can be taken.

In its operational state, the system will have the following functional subsystems:

e Management of Behaviour Profiles: This subsystem will make it possible to
define standard behaviour profiles for each elderly person, and once these are
related to the monitoring devices installed in the home, they will enable the
system to distinguish between normal and irregular behaviour.
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e Management of Monitoring This subsystem is the heart of LSM and will be
responsible for carrying out the entire process of analysing the information
collected by the devices and correlating this data with the profile of the elderly
person, generating the pertinent notifications and/or alarms. All of the situa-
tions which occur will be stored in a log which will be used as feedback for
the system, where appropriate, and to generate reports.

e Management of Communications This subsystem will be responsible for al-
lowing direct communication with the Elderly person by means of the com-
munications devices such as loudspeakers and/or the web cam installed in the
home. The Elderly person may contact the Care Centre directly whenever
he/she wishes, and the Care Centre and the Relative may establish communi-
cation and/or view the images from the camera installed in the elderly person's
home.

Section 5, which covers the approach used in TeleCARE, analyses all of those
aspects which make it possible to put into practice the considerations described in
the Living Status Monitoring service.

The next chapter gives a summary description of the TeleCARE platform and
of each of its component modules, which make it so flexible.

4 General View Of TeleCARE System

4.1 Introduction

As has been mentioned above, the TeleCARE IST project (Camarinha-Matos and
Afsarmanesh, 2002) has developed an appropriate generic architecture which pro-
vides a horizontal base infrastructure capable of supporting the fundamental function-
ality, and on top of which it is possible to define vertical services dedicated, in this
case, to tele-assistance. This heterogeneous, autonomous and widely distributed sec-
tor required a generic, open, flexible architecture, for which reason, two fundamental
technologies are used in TeleCARE, a mobile multi-agent platform and federated
information management.

4.2 TeleCARE Architecture

With regard to the modular structure of the system developed, the following block
diagram shows the architecture to be installed at each node of the TeleCARE organi-
sation.
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Fig. 1. Main components for a TeleCARE node

As the diagram shows, the major item is the TeleCARE Basic Platform, composed
of basic modules which are capable of providing the essential functionality for system
management and support for the dedicated vertical services to be implemented on it.

The coloured vertical services in the figure 1 are those described in this paper,
which are described in more detail in chapters 2 and 3 respectively, and whose im-
plementation in the TeleCARE platform will be described in detail in the following
chapter.

5 Agenda Reminder And Living Status Monitoring In TeleCARE

5.1 Introduction

We shall first review all of the features which are common to both vertical ser-
vices, and then study each service individually in order to explore its characteristics
and demonstrate how they interact with the other modules in the platform.

To simplify this study, we shall assume two TeleCARE nodes, one in the Care
Centre and the other in the elderly person's home. A third access point to the system
is located in the Home or Office of a relative, with access to the system via Internet.
This setup will enable us to describe both the Agenda and the LSM within a Tele-
CARE environment.
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Both services make use of the Basic Multi-Agent Platform, that is, they are devel-
oped using mobile agent technology, with additional characteristics such as persis-
tence and the use of a common ontology. They interact with each other and with the
system through the use of messages (three kinds: aglets messages, TeleCARE mes-
sages and FIPA-ACL messages), making use of the properties granted by the Inter-
agent Communication Module, or travelling around the different TeleCARE nodes
thanks to Inter-platform Mobility. In addition to all of these possibilities, the agents
can also store or access TeleCARE information through the Federated Information
Management System, once more making use of a common ontology and making
Federated Queries if they need to locate information outside the node itself.

As well as interaction with the Core MAS Platform, the rest of the architecture is
used by the vertical services either through the Core itself, as may be the case with
the External Enabler, or directly. The latter is applicable to the Specialized Interfaces
for Elderly People and Web Access. Both the Agenda and the LSM use the special-
ised interface to interact with the elderly person, but use different means to interact
with the staff of the Care Centre. In this case, they use the normal window based
interface oriented towards people with some knowledge of computers. The other type
of interface used is the web interface, and so both vertical services also use the Web
Access module, which allows for communication between two totally different tech-
nologies, mobile multi-agents and TCP/IP, which is the basis for all services currently
provided via Internet. All of these inner aspects are shown in a more detailed way in
the other TeleCARE papers.

Having seen the similarities between the two vertical services with regard to their
interaction with the basic TeleCARE platform, we shall now look at the individual
aspects of each one.

5.2 Agenda Reminder

The Agenda service is initiated in the Care Centre. Once the agents responsible for
carrying out the task have been created, we can say that the service is active in the
Centre. There are two of these agents: the Agenda Reminder Server Manager agent
and the Server Interface agent, but as shown in the following diagram, there may be a
third agent responsible for Web access to the service: the Web Connector agent.
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Fig. 2. Agenda Reminder deployment

Agenda Reminder Server Manager Agent — Responsible for the entire manage-
ment and control of the vertical service at the Care Centre end, including tasks such
as management of proposals, events and alerts, and the registration for the service of
new elderly people.

Server Interface Agent — Its task is to manage the interface with the Care Centre
staff, controlling the windows and incoming and outgoing data flow.

Web Connector Agent - In charge of setting up a bridge to the world of Internet,
through a web server, which must also be installed on the node provided by the
bridge. This agent does not belong to the Agenda, but forms part of the Web Access
module and appears in the figure to demonstrate another interface option, precisely
that which is used by relatives from their home or office.

Whenever an elderly person is registered with the Agenda service, An Agenda
Reminder Client Manager agent is created in the Centre. This agent will travel (with
the data on the elderly person) to the node installed in his or her house, to deploy the
service there. This is a clear example of how agent mobility works. This deployment
consists of creating the other two component agents of the service in the elderly per-
son's home, the Clock agent and the Client Interface agent, as shown also in Figure 2.

Agenda Reminder Client Manager Agent — All communications between the
two nodes pass through this agent. It is also responsible for managing proposals in the
home, generating notifications and generating service-related alerts in the home.

Clock Agent — This is the service clock, and is responsible for launching the
events at the appropriate time.

Client Interface Agent - This agent manages the interface with the elderly per-
son, controlling the information which appears on the specialised interface and the
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incoming and outgoing data, all of which are always oriented towards the elderly
person.

Once the deployment has been carried out, it can be said that the Agenda is active
in the elderly person's home. A scenario to this service is described below.

Agenda Reminder Scenario

Juan and Ana have respectively 72 and 68 years. They live in their rural house in
an agricultural village 50 Km far from the urban centre. Juan is still in the first stages
of the Alzheimer disease and suffers from memory problems. Ana suffers from arthri-
tis in her hands and has difficulties to remember some daily tasks. Their daughter is
employed in the city. They prefer to stay in their house instead of going to a care
centre.

The system reminds them every morning the tasks of the day: for an instance, the
system informs them that they have to buy something or that Ana has to go to the
health centre in the evening for an analyse.

Before lunch the system recommends a diet adapted to the needs of Ana and Juan,
as prescribed by the doctor.

During the evening, Ana goes to the health centre and Juan stays alone in the
house. When Juan is watching the TV, the system reminds him that he has to take the
pill that Ana has left on the table.

5.3 Living Status Monitoring

The LSM works in a similar way to the Agenda, but in this case different agents
are involved. Figure 3 shows the set of agents involved in both the Care Centre and
the elderly person's home. As with the Agenda, the service is initiated in the Centre,
and services are launched from there to the homes as the elderly people are registered
with the LSM. See figure 3.
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Fig. 3. Living Status Monitoring deployment

In this case also, two agents make up the service in the Centre, and here again
there may be a third agent in charge of Web access to the service:

LSM Server Manager Agent — as with the Agenda, this agent is in charge of all
the management and control of the vertical service at the Care Centre end, but its
tasks are different: its basic tasks are the registration of new elderly people in the
service, which includes inputting and later managing the elderly person's lifestyle
pattern with which the system is parameterised, the management of alerts, direct con-
nections to the home and the temporary activation or deactivation of the service.

Server Interface Agent — Its task is to manage the interface with the Centre's
staff, controlling windows and incoming and outgoing data.

Web Connector Agent - Responsible for setting up a bridge to the world of Inter-
net, through a web server, which must also be installed on the node provided by the
bridge. This agent is physically the same one as in the case of the Agenda, since, as
has been mentioned, it forms part of the Web Access module and not of the service.

The deployment of the service is the same as for the Agenda, once a new elderly
person subscribes to the LSM. However, in this case, once the LSM Client Manager
agent travels to the home, a greater number of agents are created to form the service,
as shown in figure 3.

LSM Client Manager Agent — All communications between the two nodes pass
through this agent, which is a bridge which stores all the information related to the
Centre and the elderly person.
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Home Watch Agent — The brain of the service, in charge of analysing what is
happening inside the home. It collects and analyses all the information from the sen-
sors, using the information on the elderly person's lifestyle and everything which has
happened previously in the home. This analysis will bring about a response if an
anomalous situation is detected; this response may take the form of an automatic call
to the elderly person requesting a confirmation that he or she is well, or an alert sent
to the Care Centre for the initiation of the appropriate action, which may include a
direct connection with the home.

Client Interface Agent - This agent manages the interface with the elderly per-
son, controlling the information which appears on the specialised interface and the
incoming and outgoing data, all of which are always oriented towards the elderly
person.

LSM Device Agents — For each of the devices located in the home, a device agent
is created as a go-between. It will interrogate the resource catalogue to find out
whether such a device exists, and if not will self-destruct, notifying the system of the
non-existence of the device.

Resource Managers — As with the Web agent, these agents do not form part of
the service, but appear in the diagram for the sake of completeness. They are created
in the elderly person's home when the device they manage is installed. They are the
agents in closest contact with the devices, and can even implement, when necessary,
the proprietary code for the device. They constitute a device abstraction layer, making
the devices transparent to the remainder of the system.

Once again, when the deployment is complete, Living Status Monitoring can be
considered to be active in the elderly person's home. Then, a potential scenario can be
studied in this home.

Living Status Monitoring Scenario

Mrs. Dolores Fernandez is a 74 years old woman who lives alone in an apartment.
One day, she wakes up feeling sick and contacts the healthcare service by pressing
the panic button.

The healthcare service checks in the elderly person’s information that this woman
suffers from diabetes, and asks the woman about what she had for dinner the previous
night. Then, the healthcare service recommends her to drink a glass of juice. After 30
minutes, they contact her again to check the status and welfare of the woman.

Later that day, sensors installed at the elderly person’s home warn the assistance
service that no movement was made since the last checking call. Then they ask her if
everything is all right, without obtaining any response. The healthcare service alerts
the emergency services and their relatives reporting her status, medical history and
actions set in motion.

6 Conclusions

The main conclusion drawn may be that, after the TeleCARE IST project (Cama-
rinha-Matos and Afsarmanesh, 2002), the development of the Agenda Reminder and
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Living Status Monitoring services has demonstrated that the technology used for the
project is the most appropriate for the type of Tele-assistance application in question.

The mobile multi-agent platform appears to be the best option for establishing a
network of nodes which are heterogeneous, autonomous and with such a wide physi-
cal distribution. Its robustness to communications failures and the persistency facili-
ties added in the project make it highly appropriate for remote assistance. In addition,
the idea of federated information management is the best option for the conditions
under study, since agents can be sent to collect information from each node, and at no
time is there any centralisation of data, which would be highly inappropriate in this
type of situation.

We do not wish to ignore security, both as regards the communications infrastruc-
ture and the management of the information; privacy is maintained at all times and
access to information is controlled using both roles and user identification.

Finally, all of the aspects added to the system, such as the modular design, making
use of abstraction layers at several levels, plug and play support and the use of stan-
dards or common practices where viable, have made it possible for the architecture to
be generic, open and flexible, thus fulfilling the initial aim of the project.

Acknowledgements. This work was funded in part by the IST program of the
European Commission. The authors thank the contribution of the TeleCARE consor-
tium members.

References

1. Camarinha-Matos, L. M., Viera, W., and Castolo, O. (2002). A mobile agents approach to
virtual laboratories and remote supervision. Journal of Intelligent and Robotic Systems,
Kluwer Academic Publishers, pp. 1-22.

2. UNIGES Tele-assistance Magazine
http://www.uniges.com/type/mod/pl02.asp?p01=teleasistencia

3. L.M. Camarinha-Matos, H. Afsarmanesh. Virtual communities and elderly support. Pro-
ceedings of MIV’01 in “Advances in Automation, Multimedia and Video Systems, and
Modern Computer Science”, (V.V. Kluev, C.E. D’Attellis, N. E. Mastorakis ed.s), WSES,
ISBN 960-8052-44-0, pp. 279-284, Sept 2001.

4. L. M. Camarinha-Matos, H. Afsarmanesh. Design of a virtual community infrastructure
for elderly care. Proceedings of PRO-VE 2002 3™ IFIP Working Conference on Infra-
structures for Virtual Enterprises, Kluwer Academic Publishers, ISBN 1-4020-7020-9,
pp.439-450, Sesimbra, Portugal, 1-3 May 2002.

5. L. M. Camarinha-Matos, O. Castolo, J. A multi-agent based platform for virtual communi-
ties in elderly care. Rosas in Proceedings of ETFA’03 9™ Int. Conf. On Emerging Tech-
nologies and Factory Automation, ISBN 0-7803-7937-3, pp 421-428, Lishoa, Portugal,
16-19 Sept 2003.

6. Compliance with G8 Commitments: From Birmingham 1998 to Kéln 1999 - Compliance
Studies by Issue Area: Active Aging
http://www.g7.utoronto.ca/g7/evaluations/1999koln/compliance/aging.htm.

7. Sodexho. From “Old Folks” to the “Power Age” — The changing role of seniors in the new
millennium, Report ICC / CMA - 03/09/99, Sodexho Research Institute on the Quality of
Daily Life, Oct 1999.




10.

11.

12.

13.

14.

85

http://www.sodexho.com/sodexhoAnglais/site/LiensSite/Lien_Com_Library.cfm

Leon Hurst, Padraig Cunnigham and Fergal Somers; “Mobile Agents — Smarts Messages”;
Proceedings of the First International Workshop on Mobile Agents, MA'97, April 7-8",
Berlin, Germany; LNCS 1219, Springer Verlag, 1997.

Danny B. Lange and Mitsuru Oshima; Programming and Deploying Java Mobile Agents
with Aglets; Addison-Wesley, 1998.

FIPA Content Language Library Specification; Foundation for Intelligent Agent
Systesms, 2001, URL: http://www.fipa.org/

Amy L. Murphy and Gian Pietro Pico; “Reliable Communication for Highly Mobile
Agents”; Autonomous Agents and Multi-Agent Systems, vol. 5, pp. 81-100, 2002. Kluwer
Academic Publishers.

Falasconi, S., Lanzola, G., and Stefanelli, M., "Using ontologies in multi-agent systems"
Proceedings of the Knowledge Acquisition For Knowledge-Based Systems Workshop
(KAW'96), Banff, Canada, 1996.

UniversalAccess in the Information Society:Methods, Tools, and InteractionTechnologies,
Constantine Stephanidis, Published online: 23 May 2001 — . Springer-Verlag 2001
Guidelines for the Design of Haptic Widgets, lan Oakley, Alison Adams, Stephen Brew-
ster and Philip Gray, Glasgow Interactive Systems Group, Dept of Computing Science
University of Glasgow, Glasgow




