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Abstract. This paper presents a multiagent system that facilitates the performance
of daily tasks for people within a context-aware environment. The paper analyzes
the important aspects of context-aware computing and presents a prototype that
can be applied to monitor dependent individuals in their homes. The system in-
cludes computation elements that are integrated within a domestic environment
with the goal of capturing context-related information and managing the events
carried out by the patient. The services are support by the processing and reason-
ing out of the data received by the agents in order to offer proactive solutions to
the user. The results obtained with this prototype are presented in this paper.
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1 Introduction

The preferred characteristics when designing software applications include auton-
omy, security, flexibility and adaptability. In order to achieve this objective, it is
necessary to have mechanisms, methods and tools that can develop systems capa-
ble of adapting to changes within the environment. The search for flexible soft-
ware applications that can continually improve their ability to adapt to the de-
mands of the users and their surrounding leads us to context-aware systems that
store and analyze all of the relevant information that surrounds and forms a part of
the user environment.

Context-aware systems provide mechanisms for developing applications that
understand their context and are capable of adapting to possible changes. A con-
text-aware application uses the context of its surroundings to modify its perform-
ance and better satisfy the needs of the user within that environment. The informa-
tion is usually obtained by sensors. The current trend for displaying information to
the system users, given the large number of small and portable devices, is the dis-
tribution of resources through a heterogeneous system of information networks.
Web applications and services have been shown to be quite efficient [15] in proc-
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essing information within this type of distributed system. Web applications are run
in distributed environments and each part that makes up the program can be lo-
cated in a different machine. Some of the web technologies that have had an im-
portant role over the last few years are multiagent systems and SOA (Service Ori-
ented Architecture) architectures, which focus on the distribution of system
service functionalities. This model provides a flexible distribution of resources
and facilitates the inclusion of new functionalities within changing environments.
In this respect, the multiagent systems have also already demonstrated their apti-
tude in dynamic changing environments [3] [9]. The advanced state of develop-
ment for multiagent systems is making it necessary to develop new solutions for
context-aware systems. It involves advanced systems that can be implemented
within different contexts to improve the quality of life of its users. There have
been recent studies on the use of multiagent systems [3] as monitoring systems in
the medical care [2] patients who are sick or suffer from Alzheimer’s [9]. These
systems provide continual support in the daily lives of these individuals [8], pre-
dict potentially dangerous situations, and manage physical and cognitive support
to the dependent person [4].

This paper presents the Home Care Context-Aware Computing (HCCAC) multi
agent system that supervises and monitors dependent persons in their homes, pro-
viding the user with a certain degree of self-sufficiency. The proposed system fo-
cuses on incorporating mechanisms that facilitate the integration of web applica-
tions. The HCCAC system provides wireless communication between its
elements, and integrates intelligent agents with sensors and autonomous compo-
nents that obtain context-aware information and are proactive in their interaction
with the users. HCCAC facilitates the automation of context devices and the abil-
ity to respond to the elements from a remote location. One of the most important
characteristics of HCCAC is the use of intelligent agents as one of the principal
components in its system services-oriented approach. The system proposes a new
and simple method of a distributed construction where the system functionalities
are modeled as services that are activated by agents, which, essentially, control
and coordinate the services.

The remainder of the paper is structured as follows: section 2 presents the prob-
lems of context-aware computing and introduces the need for developing new sys-
tems that can improve the living conditions of patients in their homes. Section 3
describes the proposed system and the interaction between agents and devices, fo-
cusing specifically on context-aware capabilities and the value-add provided by
HCCAC. Finally, section 5 presents the results and conclusions obtained after
evaluating the prototype in a Home Care scenario.

2 The context-aware computing.

The idea behind context-aware systems began when Want et al. [19] presented the
Active Badge Location System, which is considered to be the first context-aware
application. It is a system for locating individuals in their office, where each per-
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son wears a badge that uses network sensors to transmit information signals about
their location to a centralized service system. In the mid-1990s, several location-
aware tour guides emerged [1] [7] offering information about the location of the
user. The most commonly used context-aware feature is by far user location. Over
the last few years the use of other information attributes for context-aware systems
has grown. It is difficult to describe the term “context-aware” and many research-
ers try to find their own description and the relationship among the features that
are included in context-aware systems. The first written reference to the term
“context-aware” appeared in Schilit and Theimer [18]. There are authors that de-
scribe context-aware as the location or identification of persons or objects [17]
[12] [5]. These descriptions are frequently used during the initial research of these
systems. One of the more precise definitions was provided by Dey and Abowd
[10]. These authors refer to context-aware as information that can be used to de-
termine the situation of entities (e.g., people, places or objects) that are considered
relevant for the interaction between a user and an application.

There are several location-aware infrastructures capable of gathering positional
data [11] [6] [13] [16]. These systems include GPS satellites, mobile telephone
towers, proximity detectors magnetic card readers, barcode readers, etc. These
sensors can provide information about location or proximity, differing mainly in
the precision detail. Some need a clear line of vision, other signals can penetrate
walls, etc. The previously mentioned systems only use one context attribute: posi-
tional information for the object or person. The use of different context attributes
such as noise, light and location allows for the combination of much higher levels
of context-aware objects. These elements are necessary for building systems that
are more useful, adaptive and easy to use. An example of a this type of context-
aware infrastructure is the system presented by Mufioz et al. [14], which improves
communication by adding context-awareness to the management of information
within a hospital environment. All of the users (doctors, nurses, etc.) are given a
mobile device for writing messages that are sent when a determined number of
circumstances are met. The contextual attributes that are included in this system
are location, time, roles and the state of the user or entity that is being analyzed.

The previously mentioned case studies demonstrate that the attributes used by
the majority of context-aware systems are the identification and location of peo-
ple, objects or entities. Few systems can use information from different context at-
tributes and connect different types of data to interact with users or patients. We
would like to take the next step and, in addition to using different context attrib-
utes in the system that we propose, make it possible for the different types of data
gathered by the system to be stored, processed and reasoned out in order to im-
prove the quality of life for dependent persons living at home.

We would like to propose the context model-based Home Care Context-Aware
Computing (HCCAC) multiagent system that offers context-aware services for pa-
tients in a dependent environment and includes a set of independent services that
can gather and interpret context data. The fundamental characteristics of the sys-
tem are to process and reason out data furnished by the context to improve patient
care. The system allows for easy development of context-aware services and ap-
plications in a variety of contexts.
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3. HCCAC multiagent system.

HCCAC can be defined by the need to control various devices and gather user in-
formation in a non-intrusive and automatic way within Context-Aware environ-
ments [5]. Additionally, HCCAC brings greater speed to the gathering, processing
and storage of data, variety in the communication channels among system players,
and security in the management of access and administration of information. Each
of these characteristics allows users to feel safe within the context knowing that
they are being monitored and that any type of unexpected incident can be pre-
vented. Additionally, the variety of communication channels also facilitates the
administration of the system and the interaction between the components within
the environment. The HCCAC system also facilitates the integration and man-
agement of agents and devices. Communication between platform agents follows
the standard FIPA ACL [8] (Agent Communication Language) specification.
Communication protocol between agents and services is based on the SOAP [9]
standard. The services that the agents invoke can be of two types: services that
capture information from the context data that are obtained by the autonomous
components; and services that function within devices installed in the context. All
of this allows HCCAC to be a system that is easy to implement in complex envi-
ronments and is not platform specific.

HCCAC makes it possible to automatically obtain information on users, their
actions and environment in a distributed manner. HCCAC primarily focuses on
monitoring a person in their home and sending notifications on the state of the in-
dividual or possible incidents. Additionally, it combines the management of per-
sonal information with a model of daily activities that are developed by using the
data provided by the sensors through the household network. The interpretation
and reasoning of the base knowledge and the daily activity models developed by
the system provide an added value to the system. HCCAC makes is possible to
easily use and share context-aware applications within changing physical spaces.
As seen in Figure 1, the system is composed of the following agents:

- Provider agents capture and summarize the data obtained by both internal
and external heterogeneous context sources so that the Interpreter and Da-
tabase agents can process and reuse these data. The system is dynamic and
is capable of incorporating an information Provider agent at any given
moment by adding the corresponding sensor or capturing the necessary in-
formation from a server or external provider.

- Database agents store the context data obtained by the Provider agents. The
organization of this information is similar for different environments. This
agent is in charge of managing and exploiting the stored data. Additionally
it provides the necessary information to the interpreter agent and records
and updates the action plans that are determined by the interpreter agent.

- Interpreter agent provides logical reasoning services to process the contex-
tual information. The interpreter agent reasons out the actions that must be
taken by creating a plan that determines the optimal course of action for
reaching an objective. This agent provides the ability to reach high level
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and complex objectives and avoids errors that could result in inefficacies.
It also allows for greater flexibility when dealing with new objectives.

- Resource ldentification Agent (LcA) makes it possible for the provider
agent and the interpreter agent to work directly with the applications and
the users in order to avoid dangerous situations or particular incidents with
the user. This agent is in charge of maintaining a record of the provider
agents that are active in the system, in addition to allowing or denying the
inclusion of new provider agents.

Data Flow @
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Control and signaling flow B rﬁ‘ &
- =

User

Interpreter Agent
A

Database Agent \j

Resource |dentification
Agent (LcA)

External Internal
Provider Provider
Agent Agent

Fig. 1. Overview of the multi-agent system HCCAC.

Context-aware applications in HCCAC also check the information available
from the context providers and are in constant listening mode to deal with possible
events that the context providers transmit. The applications use different levels of
context information and adapt their behavior according to the active context. They
check the functionalities registered in the system and have a location for all of the
context providers made available within the environment. One way of developing
context-aware applications is to specify actions that respond to changes in the con-
text under specific conditions and rules.

The agents described function independently from the platform on which they
are installed. The external provider agents obtain context information through ex-
ternal resources such as, for example, a server that provides meteorological infor-
mation about the weather in a specific place, or a location server that provides in-
formation on the location of a person who is not at home. The internal provider
agents gather information directly from the sensors installed within the environ-
ment, such as RFID based location sensors installed in the home of a patient, or
light sensors. The functions of the interpreter agent include both processing infor-
mation provided by the database agent, and reasoning out the information that has
been processed.
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The interpreter agent offers context data of high level interpretation to both the
context-aware applications and the devices in which it acts, from low-level context
data. Context-aware applications use different levels of context information and
can adapt their performance according to the context within which they are exe-
cuted. After consulting the data registered by the LcA, these applications can lo-
cate the web services handled by the context providers. Context provider agents
facilitate the access of the applications and web services that provide information
to the system. For example, web applications provide meteorological data to the
HCCAC system. In order to obtain context data, context-aware applications can
ask the Provider agent or wait for an event from the Provider agent. LcA allows
users and agents to locate different context applications. LcA controls large areas
where there are context providers that can be located in internal or external net-
works. The LcA searches and adapts to the changes that are introduced within the
context when adding or deleting physical sensors or reconfiguring the actual de-
vices. It also unfolds a mechanism that allows context providers to notify about
their functionalities within the LcA.

4. Using context-aware computing to apply patient control.

Our case study developed prototype for improving the quality of life for a patient
living at home. The system gathers information from the sensors that capture data
and interact with the context. The primary information gathered by the sensors
that have been installed is the location-aware for the user in the environment. The
system also processes information relative to the temperature in the different
rooms of the patient’s home, and the lighting conditions in the areas where the
user moves about. All of the access doors in the house have an automatic open and
close mechanism. The house was installed with (i) passive infrared motion detec-
tors on the ceiling and (ii) automatic door opening mechanisms. The motion detec-
tors and door opening mechanisms, interact with the microchip Java Card & RFID
[11] users to offer services in run time. Each dependent user is identified by a (iii)
Sokymat ID bracelet Band Unique Q5 that has an antenna and a RFID-Java-
Crypto-Card chip with a 32K Module and Crypto-CoProzessor (1024 bit RSA)
compatible with the SUNs JavaCard 2.1.1 [20]. También se instalan (iv) sensores
de luminosidad, que se utilizan para gestionar el nivel de luminosidad de una es-
tancia haciendo que se mantenga entre unos valores pre-asignados modificables,
(v) una pantalla TFT de superficie, que permite visualizar y gestionar los elemen-
tos principales del sistema. There were also light sensors (iv) installed to manage
the level of lighting in the home, maintaining the level within a pre-determined set
of values, (v) a TFT surface screen that makes it possible to see and manage the
principal elements of the system. The sensors or actuators are placed in strategic
positions within the home. All of these devices are controlled by agents. The sen-
sors network is responsible for generating alarms after comparing the user’s cur-
rent state with the parameters of the user’s daily routine, which has been stored in
the system. The system can generate alarms if it recognizes a significant change
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within the parameters of the user’s stored daily routine, such as if the user gets up
prior to a specific hour on a non-work day, if the use spends more time than nor-
mal standing at a door without entering, or if the user remains motionless in the
hallway for an extended period of time.

The main idea, which can be considered the core of the case study, is the sys-
tem’s ability to hide the available technological resources from the patient, ensur-
ing that they remain concealed from the patient’s daily life activities. In this way,
users have only to be concerned with informing the system of their preferred liv-
ing conditions and the system itself takes care of managing the resources and act-
ing accordingly. It is necessary to apply or develop an appropriate analysis and de-
sign methodology, and to develop an organizational structure. The first step,
however, is to analyze the extent of the system’s performance as it is installed in
the patient’s home.
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Fig. 2. Diagram of the different types of Interpreter Agents

The agent on which the HCCAC system is based is the Interpreter Agent. The
diagram in Figure 2 shows the different types of Interpreter Agent, which involve
a variety of roles or capacities: (i) RoleFind, assigns a role or finds a valid role for
a user based on the identification of the user and the data assigned to him or her;
(i) DataFind, obtains information associated with a user; (iii) DataReasoning, de-
tects any problem and the information associated with a user, evaluate the infor-
mation and determines a solution to the problem; (iv) SolutionEvaluate, evaluates
and transmites the result of a solution; (v) SolutionCheck, checks the solution and
gives an assessment; and (vi) SolutionAssign, assings a solution to a user. The In-
terpreter agent can also initiate a series of services: (i) DirectAction, executions an
action for a user; (ii) CommunicationAction, communicates an action that must be
taken by a user; (iii) ServiceTask, initiates a task in the system; and (iv) Gener-
ateEvent, generates an event after calculating or evaluating the data.
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The interaction between agents and the sensors installed in the home for the
prototype presented in this paper can be described by using an example, as shown
in Figure 3, where the internal Provider Agent (Situ Ag) executes web services to
send signals to the sensors, and communicates with the Interpreter agent to inform
it of the user’s situation. Situ Ag also receives signals from the Interpreter Agent
in order to, for example, allow or prohibit user access to controlled areas. The LcA
agent registers each of the services offered by the Situ Ag. The LcA agent con-
tinually updates the list of services provided by the Situ Ag so that it can be trans-
ferred through web services to the active applications in the context. Furthermore,
the Database Agent manages the context information based on the data provided
by the Interpreter Agent.
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Fig. 3. Ejemplo de interaccion entre agentes, recursos y aplicaciones Context-Aware.

It is also important to consider the transformation of the information that is
produced within the system. First of all the system gathers data from the compo-
nents of the context, which is then stored in the information system. Information
on the context is taken from these data and subsequently reasoned out. To do so,
the agents use case based reasoning (CBR) in a computational environment with
intelligent processing capability. The CBR systems use the experience from simi-
lar previous situations in order to solve a new problem. This makes it possible to
personalize the context of any accounting for user data and preferences that are
pertinent to similar previous cases. The information Provider agents work together
with the Interpreter agent to carry out this task.

5 Results and Conclusions.

HCCAC was used to develop a prototype used in the home of a dependent person.
It incorporates JavaCard technology to identify and control access, with an added
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value of RFID technology. The integration of these technologies makes the system
capable of automatically sensing stimuli in the environment in execution time. As
such, it is possible to customize the system performance, adjusting it to the charac-
teristics and needs of the context for any given situation. Different studies related
to context-aware systems, such as [11] [6] [13] [16], focus exclusively on gather-
ing positional data on the user. The authors of these papers gather the positional
data on the users through GSP signals, mobile telephone towers, proximity detec-
tors, cameras and magnetic card readers. Many of these signals work with a very
wide positioning range, which makes it difficult to determine the exact position of
the user. In contrast, the system presented in this paper determines the exact posi-
tion of the user with a high level of accuracy. To do so, the system uses JavaCard
and RFID microchip located on the users and in the sensors that detect these mi-
crochips in their context. Others studies, such as [14], in addition to locating the
users in their context, try to improve the communication between patients and
medical personnel in a hospital center by capturing context attributes such as
weather, the state of the patient or role of the user. In addition to capturing infor-
mation from various context attributes such as location, temperature and lighting,
HCCAC also incorporates the Interpreter agent reasoning process to provide ser-
vices proactively to the user within a Home Care environment. HCCAC incorpo-
rates new information Provider agents in execution time. In this respect, HCCAC
proposes a model that goes one step further in context-aware system design and
provides characteristics that make it easily adaptable to a home care environment.
Although there still remains much work to be done, the system prototype that
we have developed improves home security for dependent persons by using su-
pervision and alert devices. It also provides additional services that react auto-
matically in emergency situations. As a result, HCCAC creates a context-aware
system that facilitates the development of intelligent distributed systems and ren-
ders services to dependent persons in their home by automating certain supervi-
sion tasks and improving quality of life for these individuals. The use of a multi-
agent system, web services, RFID technology, JavaCard and mobile devices pro-
vides a high level of interaction between care-givers and patients. Additionally,
the correct use of mobile devices facilitates social interactions and knowledge
transfer. Our future work will focus on obtaining a model to define the context,
improving the proposed prototype when tested with different types of patients.
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