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Abstract— Advanced telemedicine systems based on ubiquitous
computing need to be designed in order to deliver high quality
of services at anytime and anywhere. The optimal management
of the telemedical assistance process in emergency situations,
taking into consideration different communication and
material resources availability, is still a major problem in
telemedicine. In this paper we propose an ontology-based
architecture model enabling an intelligent pervasive
telemedicine tasks management. The aim of this
methodological approach is to optimize the messages exchange
between the different actors who are geographically located in
different environments, to assure high level of quality of
services delivered by the healthcare providers and
consequently enable a more rapid and reliable telemedical
assistance, especially in case of emergency scenarios.
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L. INTRODUCTION

Telemedicine applications based on pervasive computing
require automated and continuous services, and proactive
real-time collaborations among devices, software agents and
geographically distributed actors in dynamic, heterogeneous
environments [1]. A common problem among the different
telemedical applications is to ensure the quality of service in
terms of information and communication between the
different actors. In particular, telemedicine systems should
include a self adaptative management of the various tasks to
be performed according to the different contexts of use.
However, the existing telemedicine systems do not pay
enough attention to the quality level of their offered services
nor offer adequate management of material and
communication resources, distributed in various geographic
locations such as hospitals and healthcare centers. Also
bandwidth limitations and end-to-end communication delays
should be taken into account. In addition, telemedicine
systems architectures should be interoperable to allow and
facilitate data exchange. The development of telemedicine
solutions that are open to the multiplicity of the offered
services, to the functional diversity of the systems and the
user needs heterogeneity requires designing information and
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communication models which grant for every actor an
optimal use of available services and resources.

The telemedicine scenarios involving pervasive
computing applications are quite diverse. The most popular
ones from the literature are for example home care and
monitoring [2] [3] [4], assistance for healthcare professionals
[5] [6] and Tele-expertise in cardiology [7] [8].

Recently, ontologies have become a popular instrument
within the ambient intelligence knowledge engineering
community for defining flexible, scalable, personalizable and
open models of concepts and interrelations [9]. OWL
(Ontology Web Language) has deserved much support both
from the scientific community and from the World Wide
World Consortium (W3C) these last years [10]. It is an
expressive ontology language resulting in RDF (Resource
Description Framework) type description, and has the
capacity of supporting semantic interoperability to exchange
and share knowledge between different systems in various
domains and of enabling automated reasoning. Thanks to
XML and OWL, it becomes easy to align different
ontologies structures. The existence of foundational
ontologies libraries should facilitate the development of
ontology-based systems [11] [12] [13]. Furthermore,
ontologies can provide a uniform way for specifying the
context model’s core concepts, sub-concepts and facts, and
consequently enable contextual knowledge sharing and reuse
in ubiquitous systems.

Context modeling and contextual situations management
in telemedicine, particularly in emergency scenarios, should
be considered for ensuring the provision of the right
information at the right time at the right place. Ontologies
have already been used for context modelling, representation
and management in pervasive environments, and for services
discovery and semantic interoperability among ubiquitous
computing devices [14] [15]. Ontology-based context
modelling approaches provide a set of ontological concepts
to characterize entities such as a person, a place or several
other kinds of objects within their context [16]. A context
model survey is presented in [17]. Ontology Definition
Metamodel (ODM) [18], specified by the OMG (Object



Management Group), enables ontology modelling through
the use of UML-based tools. Other approaches based on
MDA (Model Driven Architecture) have been applied for
context ontology modelling [19].

In the eHealth and telemedicine domains, ontologies are
being used to propose context models for healthcare
monitoring and home care [20] [21]. These models are based
on predefined protocols to collect medical data which are
used to automatically monitor the patient status and to detect
possible alarm situations. Other research works highlighted
the relevance of using ontologies to solve semantic
interoperability problems in telemedicine applications [22].
However, architecture solutions able to dynamically support
services and resources management in pervasive
telemedicine applications have never been proposed.
Therefore, the design of a model driven ontology-based
architecture for supporting the knowledge management of
resources availability and capability, enabling a better quality
of ubiquitous telemedical services in different scenarios,
especially in case of emergency, is still a challenge and
emerging research and development area [23] [24]. .

The aim of this paper is to present an approach for
building a knowledge-based system architecture for
optimising the use of resources and the messages exchange
among different actors, in order to enhance the quality of
services in telemedicine applications. The core element of
the system is an ontology-based model for an intelligent
management of the different types of available
communication and material resources. The final objective is
to provide a more rapid and reliable medical assistance in
telemedicine emergency scenarios.

In the next section, we detail two main telemedicine
scenarios which are Tele-assistance and Tele-expertise in
cardiology. In section 3, we briefly present the main
components of the system architecture. Then, we describe the
telemedicine tasks management process in section 4. In the
last section we give a detailed presentation of an ontology
model representing the main concepts and their relations, and
we detail some aspects of the ontology realization and
implementation.

1L TELEMEDICINE APPLICATION SCENARIO

A. Telemedicine Scenario Examples

A typical telemedicine application scenario in pervasive
environment concerns medical assistance in critical
geographic or isolated areas, such as high mountains resorts.
Let us suppose that a person has an accident or a heart attack
while skiing or staying in a high mountains resort. The
victim needs immediate assistance and healthcare provided
by the rescue team members or by emergency physicians
who are in geographically distributed locations. The
healthcare providers need to know where the patient should
be admitted according to different contextual factors such as
the patient’s clinical status, his social conditions, the
hospital’s location, etc., taking into account the availability
and the capability of heterogeneous resources. An ideal
pervasive information system should propose services
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according to the emergency physician profile and the context
of care. Depending on the geographic location and the
available material and human resources, the system will
possibly have to infer several recipient addresses and to set
up different messages that shall be addressed to one or more
of these recipients. An effective collaboration framework is
needed to save the victim. To start this collaboration,
communication devices such as a cellular phone and pocket
PCs with wireless connectivity can be used so that the user
can access to the system anywhere and anytime. According
to the actor profile and context, the system should offer
several tasks to be performed in an intelligent manner in
order to provide the highest level of quality of service. The
offered tasks may be for instance Teleassistance for patient
orientation or Electronic Health Record (EHR) access.

The rescue team members should be able to access the
system to find an hospital or a healthcare center which has an
available place and has the required human and material
resources and competence to perform the required treatments
to the patient, including specific or particular ones. Thus,
three important factors should be taken into consideration by
the solutions inferring process. Firstly, the location of the
hospital or of the healthcare center to which the patient could
be oriented, and secondly, the availability of the required
logistical and material resources such as beds, surgery or
intensive care units, etc. The third factor is the center’s
competence, which means the center’s capability to perform
the needed treatment. For these reasons, the system should
infer several possible destinations depending on these three
previous factors. Consequently, a sequence of solutions
inferred by the system should be sent to the requesting actor
so that he can finally choose the one that best fits his
situation and context.

The possible destinations could be a general medical
center, an intensive care unit or a specialized hospital. The
messages exchanged by the system will be encapsulated in
the XML format. The messages could be informative, such
as a message to ask the intensive care unit to be ready to
receive the patient, or advice request messages, for
immediate drug administration for instance, which require a
rapid response. The XML messages can include different
types of data (i.e., patient’s personal data, medical data such
as blood pressure, symptoms descriptions, biosignals like an
ECG, and eventually a list of drugs or a digital picture of a
wound).

There are also other types of scenarios such as Tele-
expertise in the cardiology domain between an emergency
physician and a remote cardiologist, self care situations,
follow up of patients at home, and follow up of rural
populations or elderly in nursing homes. All these scenarios
require models that shall enable an intelligent management of
the services, resources and exchanged messages among the
different actors to increase the quality of services delivered
by the healthcare providers.

B.  Use Cases

Starting from the user needs and the telemedicine system
requirements, several use cases can be described according to















VI. DISCUSSION AND CONCLUSION

The diversity and the specificities of the applications make
the telemedicine tasks management a complex process. To
master this complexity we have designed an ontology-based
telemedicine task management system architecture that is
composed of a Task management Server, a Communication
Server and an ontology to represent the concepts such as Actor,
Resource, Service and Medical Data, and the interrelations
among these concepts. The ontology has been defined and
edited by OWL-DL and implemented by means of the Protégé
technology. Class hierarchy and ontology consistency have
been checked thanks to the Racer Reasoner. The setting-up of a
first demonstrator has shown that the proposed ontology-based
telemedicine system architecture facilitates the design of
complex telemedical assistance processes and the management
of telemedicine messages exchange and thus should contribute
to the enhancement of the quality of pervasive telemedical
services. In contrast to others solutions that were proposed for
the support of pre-defined telemedical scenarios such as the
continuity of care at home of patients with chronic diseases, the
architecture design we proposed in this paper aims to be
generic enough for also being compliant with ubiquitous
medical assistance in pervasive environment. The example of
emergency scenario in high mountains or isolated areas we
presented as an illustration of societal requirements is all the
more relevant that it also affects young people with unknown
prior health problems. Numerous studies have reported about
cases of cardiac deaths among sportsmen and active citizens,
while others have demonstrated the relationship between
mortality and the time delay to an appropriate treatment of the
heart diseases [30]. The results of the evaluation that has been
performed by our group within the framework of the European
EPI-MEDICS project [7, 31] has shown that thanks to the
development of a Personal ECG Monitor (PEM) that any
citizen can easily use anywhere at any time to self-record the
electrical activity of his heart, one could save lives by
automatically calling an emergency center in case of acute
ischemia or life threatening arrhythmia. Another finding was
that 10% of the patients involved in an experimental study of
self-care presented new arrhythmia events that were never
diagnosed before. The early and ubiquitous detection of
malignant cardiac events, as soon as the first symptoms occur,
is therefore easily affordable for everybody. The challenge is
thus at present to provide the healthcare stakeholders with
pervasive services allowing to reduce the time of patient’s
admission to the nearest and more appropriate medical center,
taking into account in addition the ambient and context-aware
information both specific to the patient’s clinical status and
lifestyle and to the offered possibilities in function of the
geographical situation where the event occurred. The local
healthcare regulation rules, the communication facilities, and
the availability of medical institutions have also to be
considered. In addition, electronic data exchange before the
patient’s admission to a medical center must be fully supported
in order to optimize the healthcare management process. The
system architecture design we propose in this paper being
based on the five main generic concepts: Actor, Resource,
Location, Data and Telemedicine Task, is open enough to
fulfill all these requirements and is able to support the various
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pervasive scenarios of telemedicine, whatever the actors who
are involved, their available resources, their location, and the
tasks they need to perform.
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