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Abstract Medical diagnostics and vital signs monitoring demands more technolog-
ical solutions to cope with new methods of treatment. Continuous monitoring and
information processing tools are vital to a physician with several patients under his
care. In this work, a system that relies on agents and mobile and wireless devices is
presented. Its use with small scale sensors allows to collect and analyse vital data in
real-time, triggering appropriate reactions in case of eminent danger. This includes
real-time notifications to practitioners. In cases in which the physician is unable to
divide his attention among all his patients, the system is able to drive his attention to
one patient only and, when it is necessary, to another one, according to their medical
state. This concept represents a breakthrough in terms of the physician’s time and
task management, being possible to apply it two major scenarios: patient recovery
in a hospital environment or elderly living alone in a domestic environment. In that
sense, we present a brief contextualiation of the problem as well as the architecture
and technologies used to implement the proposed work.

1 Introduction

The increase in the quality of health care services, along with socio-economic
growth and technological achievements are making life expectancy higher. More-
over, the latest United Nations (UN) reports on world population [1] show the cur-
rent population ageing.

Due to the overall growth in the elderly population, constant monitoring of some
specific groups of population has become increasingly necessary, namely in groups
that suffer from chronic diseases and heart conditions. Although transport availabil-
ity has increased over the years, frequent travel to health care facilities is not a viable
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solution, mainly in cases that need continuous care. Moreover, this can also have a
negative impact on the patient’s quality of life.

With the technological progress in the fields of electronics and computing, wear-
able and environmental sensors have become more compact and portable, while pro-
viding high precision measurements of the parameters they are sensing. This allows
to develop applications that explore sensor’s capabilities in mobile and portable de-
vices that a patient can carry, without being intrusive or affecting the person’s daily
life.

Based on these ideas, we propose a portable monitoring system, implemented
over a mobile device (e.g. PDA, smart-phone), capable of transmitting information
collected by sensors worn by the patient to an external medical entity, which in turn
will generate a medical diagnosis of the patient being monitored. In this case, the
focus is on constant vital sign monitoring in order to anticipate heart failure. With
these goals in mind, this system allows practitioners to provide instant and localized
health-care services to those being monitored and avoid critical scenarios which can
ultimately lead, in an unsupervised environment, to the patients’ death.

1.1 Related Projects

Some projects exist that already have working devices and systems. Their devel-
opment is important and allows to compare the features and, if proven useful, use
the hardware and underlaying platforms to develop new applications with different
purposes.

Vital Jacket [3] is a vital sign monitoring system integrated in the patient’s cloth-
ing, combining both textile and micro-electronic components. VitalJacket is com-
posed of a t-shirt that accommodates a small, lightweight and compact electronic
device that constantly monitors the user’s heartbeat.The electronic device has an
integrated Bluetooth module for data transmission.

Plux [2] is a Portuguese company specialized in the design, development and
production of systems for data acquisition and wireless sensors to study the electro-
physiological activity. The data acquisition systems also communicate with the com-
puting devices via Bluetooth.

2 iNumon- Independent User Monitoring

This project aims at being an answer to the previously presented problems. The
question of on-body monitoring is a very complicated one, including challenges
about reliability and choice of correct sources of data. It is also at steak the level of
adaptation of the user to the entire system.

In the following pages, we will present our insights and the solutions that we pro-
pose in order to achieve the established goal. The project is organized into several
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main modules: the Sensor Network, the mobile devices and the server-side appli-
cation. These modules are combined to develop a mobile monitoring system that
can make the appropriate decisions. In this section we describe the architecture, the
technologies, the developed modules and the results observed.

2.1 System Architecture

As mentioned before, the system proposed aims at a constant monitoring of relevant
information about a patient, relying on the concept of Body Area Network (BAN).
BANs will be operating over a mobile device that records the patient’s condition
through a sensor network and forwards the information collected to an external en-
tity [12, 13]. A set of sensors must thus capture the specific condition of a patient in
a discrete time interval and use such information for remote diagnose, to assess the
patient health condition and detect eventual anomalies (Fig. 1).

Fig. 1 The architecture of the proposed system.

This sensor network must be flexible enough to allow engaging or disengaging
sensors without any kind of system reboot and without affecting the performance
and efficiency of the system. Inside the BAN, a set of software agents will also
reside, focused on providing interaction services to the remote entities [11]. These
are able to process the result of the diagnose within the mobile device, making it
possible to inform about the patient’s condition after a successful diagnosis based
on the information provided by his mobile device in the first place.

2.1.1 Agents’ Characteristics

The agents that interpret the data provided by the sensors must only retain, manage
and forward the information.

The forwarding of the information gathered by the sensors through a network
to an external diagnosis entity is done by an agent called Sensor Discovery Agent
(SDA) and has management-oriented characteristics.
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These management abilities are associated with basic characteristics that this
agent must comply with at the interaction level with the Sensor System Agents
(SSA) and the I/O communication module in order to guarantee the existence of
a data flow between the sensors and the respective SSA. Therefore, the SDA must
receive notifications every time a sensor enters or exits the BAN through the I/O
module. This allows the SDA to load or unload the sensor agents according to the
system’s needs.

Moreover, the SDA must gather information obtained by the SSA and forward it
to an external entity so that a diagnosis of the patient’s current state can be created.

To carry out information forwarding, a module called Communication Platform
(CP) is being used. This module is responsible for the encapsulation of the available
information and sending it along the network to the remote entity.

2.1.2 Communication Technologies

This project encompasses several methods and technologies of communication. In
this section we describe the main technologies that were used to implement the
proposed architecture.

In our first tests, the ZigBee technology was used (Figure 2) [5, 6, 7]. We have
abandoned ZigBee in favour of Bluetooth. Specifically, the platform of reception
was too large and did not support all of the mobile systems.

(a) EGC Capture with ZigBee commu-
nication.

(b) Result of the ECG Capture.

Fig. 2 Representation of the ECG device and the visual representation of the collected data

In terms of agent support and communication, the OSGi Platform is being used
[8]. A Multi-agent System (MAS) [9, 10] supported by JADE Framework using
FIPA-ACL standard and XML for the message content is our base supporting system
to the developed agents.
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Fig. 3 Typical communication between the Agents and platforms

2.1.3 Sensor Monitoring

With the emergence of increasingly compact and precise sensors, the concept of
Sensor Monitoring has become viable in the sense that a patient wearing a set of
sensors can have a normal daily life without any discomfort or mobility difficul-
ties.This technology is seen as very positive by the medical field as it allows to
constantly control and monitor a patient’s vital signs with no need for the him to
be located inside any medical facility. Within this subject, the goal is to apply the
concept of BAN as it is defined above, with some architecture specific variants that
promote an intelligent, modular and flexible interaction between the different com-
ponents.

The main challenge that arises from the use of sensors is the quality of the in-
formation received. One of the major problems here is the fact that sensors are not
static and the user can, in fact, misuse them or damage them.

To monitor the sensors and measure the quality of the information provided by
them, two different operating modules are considered: The first approach dictates
that to communicate directly with the system’s sensor hardware a low-level com-
munication module is necessary. The module can be seen as a set of small software
components that interact with a specific sensor and depend on the technology that
the sensor uses to communicate with the monitoring device.

The second approach dictates that the agent-oriented platform must be able to
read and filter the data coming through the sensors at a higher level. The agents that
form this platform operate independently of the technology used by the sensors,
which justifies the use of the first module mentioned before.

Every agent communicates directly with the respective software component that
handles low-level communication to establish an information bridge and allow the
agent to read and interpret the information.

The I/O Sensor Platform is thus responsible for encapsulating the different com-
munication methods and protocols and will inform the system when a sensor enters
or exits the BAN.

In Figure 4, a photo of the application running in a PDA is depicted. The informa-
tion is from a live feed of the sensor platform and it is being processed in real-time.
The data collected can be represented as the graph presented in the screen shows.
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(a) Execution on
Mobile Device.

(b) Development interface.

Fig. 4 Two representations of the Advanced User Interface.

Currently we are testing the implementation of a portable ECG sensor platform
in this system, which is reliable and more compact when compared with classical
ECG sensors.

2.2 User Notification

Fig. 5 User Mobile Interface

Besides the monitoring component of the system, it
is also convenient that the user of the device can
be informed about his/her health condition. Moreover,
location-based services can also be interesting in cases
of emergency. This is implemented using several ap-
proaches, ranging from a notification to the user about
his state using the interface of the application or audio
alerts.With this level of flexibility, it is possible for a
medical practitioner to fully support a patient regardless
of his/her consciousness state.

In the case of a user alert operation, the agent respon-
sible for delivering this kind of information has a set of
pre-determined definitions so that it can provide the user
with very precise and clear information about his/her di-
agnosis.

This way, the user receives notifications if he/she needs some specific medical
procedure concerning his/her clinical condition. On the other hand, if a text mes-
sage or telephony operation is requested, the appropriate agents must be aware of
the people directly involved in the patient’s monitoring and therefore provide such
configuration.



Using Mobile Systems to Monitor an Ambulatory Patient 7

3 Results

The system presented in this paper essentially implements the collection of informa-
tion on a ECG sensor, including the values of blood pressure and body temperature.
The ECG data was collected by real sensors wore by a test subject. In addition, in
order for more data to be available for testing purposes, a simulation platform was
developed. This platform emulates data captured by an ECG sensor, following func-
tions extracted from the real temporal series of values. The simulation can emulate
both normal and abnormal health states and is running on an Android powered mo-
bile device. The data collected about the user’s body temperature and blood pressure
value is used the same way as the one generated by the ECG simulation platform.

The development of the Android application and the Server has also the advan-
tage of, by these being modular platforms, allow the services to be developed inde-
pendently, without having to depend on the development of the sensor platform or
any other module. Currently, the work focuses on the combined use of the Android
platform and OSGi, with a special regard on the sensor fusion [15] theme.

From our point of view, the simulation platform is a first step that will support
the rest of the development process. Its importance is even higher when we consider
the risks of developing and testing in real environments, with real patients.

Another major feature is the fact that the project can communicate with other
applications and projects in a transparent way. A concrete case is the integration
with the iGenda project [12]. This agenda manager deals with the problems of au-
tomatic scheduling of events. In this case, the innovative factor is the inclusion of,
for instance, the event of scheduling a visit to the physician or call the emergency
system in case of an event involving critical readings of sensors or deterioration of
the health condition.

4 Conclusion

The system presented in this paper covers different users (patients, physicians) and
the use of a mobile device to capture the data and pre-process it, gives more mobility
to the user, not interfering with his daily life. It is our conviction that the community
has a lot to benefit from this project as it will improve the quality of life of people
in need of constant health care.

Moreover, this project may indirectly relieve already congested medical institu-
tions and services. Given the modular architecture of the system mostly relying on
standard protocols of communication, the integration with other projects is possible,
allowing to develop a wide range of services, focused on very different fields.

In future work we aim to explore a possible architecture for a complementary
system to the mobile architecture presented here, which can achieve automatic and
intelligent diagnose based on the information gathered. Moreover, another future
goal is to provide the mobile device with learning skills This will focus on the inter-
action of the sensor agents and the data they gather from the sensors, and the user
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notification that will be taking place each time a diagnose is received by the mobile
device.

Finally, a note about the use of a mobile device as a type of web-service with
a set of properties and operations. This approach can be interesting in many other
fields such as tourism, data synchronization or location-aware services.
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