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Abstract In the Internet world, the tags Web 2.0 and user
centricity have been used in recent times to reflect the
democratization of the Web where end users are no longer
passive entities and have assumed a key role in which they
create content themselves. The evolution of this paradigm in
the Internet has even given birth to tools like Microsoft Popfly
or Yahoo Pipes, thanks to which end users with no specific
computer skills are able to create their own highly personal-
ized services. In an environment like home care, where each
user has very specific individualized needs, the application of
this new paradigm seems very promising, and to promote that
philosophy porting, this paper presents a system to allow each
individual and his/her carers to build, execute, and manage the
specific personalized monitoring, comfort, automation, and
safety applications required. Additionally, thanks to built-in,
context awareness capabilities, the applications created are
automatically adapted to the context of the users inside the
proposed system, eliminating the need for frequent human—
machine interaction which is of the uttermost importance for
impaired users.
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1 Introduction

The home care environment is wide enough to host all kinds
of imaginable patients, including impaired, blind or deaf
people, persons with high risk of heart attack, old people with
reduced mobility, Alzheimer’s patients, etc. It is obvious that
the requirements for home care exhibited by each of them
vary greatly; from simple glucose and diet monitoring for
diabetics to a complete physical care for quadriplegics.
Human carers, including both professionals and family,
are normally responsible for the home care tasks. This
means that these carers are usually in charge of repetitive
procedures taking place in the physical proximity of the
patient during long periods of time. This results in high
workloads for health professionals which have to dedicate a
lot of resources to find, train, and maintain experts carers in
each specific area, but also for the family which sometimes
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have to set aside their personal lives and jobs in order to
give proper care to the patient, ending usually in heavy
physical and psychological stress for everyone.

Recent e-health trends try to offer solutions for this
situation in the form of information technology (IT)-based
sensors and devices that can be operated remotely or
automatically, relieving the carer from the need to stay
physically near the patient or even from performing certain
actions. Proposed solutions range from special purpose
sensor systems for specific pathologies [1, 2] or intelligent
robotic devices [3] to generic programmable frameworks
for telecare [4—6] and Web-based solutions [7]. On the other
hand, domotics are also experiencing great advances, and
control systems like [8] and [9] may also represent an aid
for people with mobility problems to program for instance
how to automatically turn on and off room lighting.

However, all these solutions still present two key
problems: First, most of them are aimed at very specific
pathologies and scenarios or are programmed with very
specific functions; second, they are definitely not user
friendly and lack usable interfaces, so IT experts are
required for fine tuning the system to each patient in a
process that may take days or even weeks of work.
Specifically, [10] for instance presents a good example of
how a pervasive context awareness system can help greatly
improve the quality of life of a patient and his/her carers,
but as it requires IT experts to implement each service, it
will take an enormous amount of resources to implement
highly personalized applications.

It is therefore very difficult to adapt the operation of
these systems to the specific requirements of each user,
making them unsuitable as integral home care solutions.
They are very useful at controlling a specific facet of a
pathology, but it is impossible (or extremely difficult in the
best case, requiring a dedicated IT professional) to adapt
them to help in everyday’s life in order to perform tasks like
autoconfiguring a health device or sending warning
messages depending on the patient geolocation, activity,
and/or preferences.

This paper presents a system for the user-driven integral
home care of a wide array of patients, from impaired users
who want to automate the functioning of a smart home to
patients which require constant monitoring from an expert
system. The idea behind this system spawns from the user-
centricity paradigm arising lately in the Web 2.0 environ-
ment which promotes the creation of high-level abstractions
and control interfaces to allow end users to manage several
aspects of their IT experience.

This paper is organized as follows. Section 2 introduces
the user-centricity paradigm and its current state of the art.
Section 3 deals with how this paradigm can be applied to
the home care scenario and presents the proposed system.
The architecture of the home care system is explained in
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Section 4 and its implementation and application to test
scenarios exposed in Section 5. Finally, a set of conclusions
is extracted in Section 6.

2 Trends in user centricity

Web 2.0 [11] is the name that some people give to the new
landscape of the World Wide Web where social network-
ing and interactive symmetric communication has substi-
tuted the old unidirectional paradigm where developers
built sites with information and people consumed it. In
Web 2.0, every user is a provider and a consumer at the
same time.

The key feature of the Web 2.0 is user centricity, a
philosophy where the users themselves create the con-
tents of the Web. Sites like Youtube.com, Wikipedia.
com, or Sourceforge.com allow the individuals to upload
their own multimedia files, knowledge, or code to be
consumed by other users. The latest trend in user
centricity is the user-centric service creation, thanks to
which end users with no specific knowledge are able to
create their own applications using high-level abstraction
and composition interfaces. Examples of this are the
online mashup editors from Yahoo and Microsoft, Yahoo
Pipes and Microsoft Popfly, or the cluster of user-centric
service creation projects from the European Commission
Seventh Framework Programme, including Open Plat-
form for User-centric service Creation and Execution
(OPUCE) or Service Platform for Innovative Communi-
cation Environment (SPICE).

These tools provide interfaces for the end user to
create simple applications following the “jigsaw model”:
A palette of atomic functionalities (building blocks) is
offered and the user drags and drops some of them,
linking their inputs and outputs defining a workflow. In
order to create a service to forward messages from an
email account to a mobile phone using short message
service (SMS), the user would select the Receive Email
and the SMS building blocks and would link the output of
the first one to the input of the second.

Specifically, along this paper, the OPUCE service model
[12] will be used. This model is event-driven and sees the
building blocks as entities which expose certain actions, fire
certain events, and exhibit certain properties, which may
change during the execution. Using this model, the email
forwarding service using SMS previously mentioned would
link the when email received event of the Receive Email
building block with the Send SMS action of the SMS
building block, creating a workflow that would almost be
readable in natural language: “when an email is received,
send an SMS”. The property body of the Receive Email
block would be linked to the property body of the
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Send SMS block so as the content of the SMS sent is the
same as the content of the email received.

3 User centricity applied to home care
3.1 User-centric home care services

The main idea behind this work is that the user-centricity
paradigm presented in Section 2 can be applied to the home
care domain to obtain very useful results. Currently, if a
person taking care of an Alzheimer patient wants a service
which automatically sends an alert SMS to his/her mobile
phone when the patient leaves home, an expert is required
to design and implement an ad hoc system.

However, in a user-centric system, that person will only
need to build the required service. In this case, users will
open the service editor, select from the palette the basic
building blocks GPS Location, Proximity, and SMS, and
create a workflow linking GPS Location (configured
with the ID of the tracking device of the patient) to the
Proximity block (configured with the coordinates of
patient’s home) and the event Outside Location of the
Proximity block to the action Send SMS of the SMS
block.

Other patients and carers with very different require-
ments will be able to use the same system for completely
different home care applications just by changing the basic
building blocks used, which may include domotic controls,
biometric sensors, direct multimedia contact with medical
experts, etc.

Along this work, a multipurpose home care system of
the kind required for this user-centric operation will be
described.

3.2 Rationale for applying user centricity to home care

As shown in Section 2, the user-centricity paradigm has
already permeated the Internet and the Web, and it is slowly
entering other domains. There are two key factors to decide
if a given domain could benefit from the user-centricity
paradigm:

* The need that users of the system have for specific
personalized applications
e The granularity of the personalization required

In the domain of office applications, every user has the
same needs. They want to be able to write and format text,
perform account operations, etc. Therefore, it is very
unlikely that a lot of users would like to design and
implement its own office application. Something similar
happens for instance in the domain of operating systems.
The need that most users of operating systems have is

simply to effectively control the device’s hardware. That
does not mean that some very specific individuals have
very specific needs for these domains. They can always hire
a team of developers and design their own specialized
office applications and operating systems at a low level.
The cost to implement a user-centric set of tools to build
personalized office applications or operating systems is
potentially very high, and given the slow amount of users
that would be interested in them, the market prize for the
user centric tools had to be so high that it would be
probably cheaper to simply hire a team of developers.
Additionally, the granularity of the personalization
required is also an issue in these domains. Even in the
case that a user-centric tool for the creation of personalized
operating systems could be built, the granularity of the
control obtained would be too gross for most of the
personalization required. The user-centric paradigm is
based on the “jigsaw” model where a new complex
application is created putting together atomic building
blocks. Therefore, some parameters are completely out of
reach for the user acting as the creator: those used to
hardcode the building blocks on its own. When a new
operating system has to be built due to specific needs, those
needs are at a very low level (performance issues, new
hardware, etc.), and therefore, it is impossible to abstract
anything by hiding parameters inside the building blocks.
The case of home care applications is completely
different though. First, users of home care applications
have very specific personalization requirements due to the
high numbers of variables shaping each user’s situation: the
specific pathology, physiology, biometric signals, lifestyle,
home and workplace layouts, customs, etc. An application
built to warn an aged individual if patient has not taken his/
her pills before going to sleep is completely useless for an
impaired youngster who wants to automate the operation of
the lights of his/her house based on his/her indoor location.
Second, the level of granularity for the applications is
adequate to allow a proper abstraction level because home
care applications could be defined using the specific
language of the domain. Low-level concepts (perfor-
mance issues, transmission protocols, memory allocation,
etc.) are normally not involved in the definition of these
applications and therefore could be hidden inside the
building blocks.
Because of these two reasons, the home care domain is a
perfect candidate for the application of the user-centricity
paradigm.

3.3 User-centric system for home care
The aim of the user-centric system for home care proposed

is to act as a coordination center for all the electronic
devices surrounding the life of an individual who requires
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home cares and allow an integrated orchestration of all of
them to accomplish complex tasks that they could never
address isolated. To control this coordination layer, a set of
user tools are built on top to allow the easy implementation
of coordination applications using graphical interfaces and
a high abstraction level designed for users with no specific
programming or computer related skills. Additionally, a
context management subsystem retrieves, processes, and
serves context data in order to allow the implementation of
automatic context-based adaptation. This structure is
reflected in Fig. 1.

The system can be implemented in two different
configurations:

Collective configuration The system is owned by a home
care organization (e.g., a hospital, an association of impaired
people, etc.) and lies inside a server in that organization’s
premises. The communication with the end user devices is
performed through the Internet and the system is prepared to
handle several users at a time. This configuration is suitable for
groups of people with the same basic requirements or people
unable to use the system themselves that need expert remote
monitoring. For instance, in the case of people suffering from
Alzheimer or high attack risk, the respective medical units in a
hospital may install the system in their offices and register their

patients, then implement common home care applications for
each group. That could imply monitoring applications to track
their location when they leave home unattended or sending
alerts to the emergency services and the patient himself when
the cardiac rhythm shows dangerous parameters.

Individual configuration The system is owned by the
patient or his/her carers and lies inside a PC located in the
patient’s home. Communication with end user devices can
still be carried over the Internet, but local methods such as
wired and wireless local area networks can also be
employed. This configuration is suitable for individuals
who can use the system on their own to implement
applications and have very specific, personal needs, for
instance an impaired person who wants the system to
automatically turn on and off the lights depending on the
indoor location.

In both cases, three kinds of actors have been defined for
the operation of the system:

* The patients are the persons (aged, impaired, ill, etc.)
who benefit from the home care system, the subjects of
the home care applications. They could use the user
tools to implement their own applications.
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Fig. 1 User-centric home care system
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» The carers are the people directly taking care of the patient.
They could be the family or professionals dedicated to care
activities. The activities they perform in taking care of the
patient could be partly automated, assisted, or helped by
the home care applications of the system. They can also
implement new applications through the user tools.

* The operator is the owner and administrator of the system.
It could be a hospital, a medical foundation, or even the
patient or one of the carers, depending on the configura-
tion (collective or individual) chosen.

4 System architecture

User-centric service creation has been exhaustively pro-
moted in the Web 2.0 and Telco 2.0 environments lately,
as it has been exposed in Section 2. The OPUCE project
[12, 13] designed a platform for the creation and execution
of converged services, merging the infrastructure of telco
operators with Internet Web services and including a set of
tools oriented to non-expert end users. In the user-driven
home care system proposed, several modifications have
been performed over the OPUCE prototype in order to
adapt it for the home care environment, as detailed along
this section.

The global architecture of the home care system
proposed is depicted in Fig. 2. Three main blocks are
identified. The Management Portal (based on the OPUCE
Web Portal, includes the Service Editor and the Building
Block Manager, evolved versions of the Advanced Editor
and Base Service Manager), the Service Execution Envi-
ronment (comprising the Building Block and Composed

Service Repositories—known in OPUCE terminology as
Base Service and Service Repositories, respectively—
Building Block Container and Orchestrator), and the User
Information Manager.

4.1 Management portal

The Management Portal is the graphical user interface
(GUI), a Web portal embedding a set of tools designed to
control all the functions of the home care system.
Specifically, it is employed to:

+ Configure the system and introduce user data;
+ Manage execution of services;

* Compose new services;

» Install new service building blocks.

It is built as a collection of portlets for each feature
and runs on top of JBoss Application Server. Being a
Web tool means that it could be used remotely for cases
where the system needs to be controlled on the move or
outside the application environment, especially when the
patient is not able to control the system on his/her own
and a remote carer has to do it. However, it can also be
operated locally so it is not necessary to consume an
Internet connection.

The OPUCE Web Portal was originally designed to
support services which mainly were started, executed
once, and killed, and therefore the only service
management action available was “start.” The user
pressed the run button, the service was executed, and
when the workflow was finished, it was purged from
the execution environment. The OPUCE Web Portal

Fig. 2 User-centric home care
system architecture

Building Block Manager

Building Block

Reposito
p . Building Block
Container

u

Management Portal |

Service Execution
Environment

User Device

Service Editor

/] |  Mobile Context
= Feed

Composed
Services

. Repository |

BPEL Orchestrator ===

‘ Contex Enabler

User Profile
Repository

' User Information Manager

@ Springer



550

Ann. Telecommun. (2010) 65:545-556

lacked a functionality to allow monitoring and stopping
of active services.

More advanced services, however, may be active for a
period of time, monitoring certain parameters or waiting for
certain events and reacting accordingly. A clear example is
a service to automatically turn on and off the lights when
the patient enters or exits a room.

Therefore, an interface to see exactly which services are
being executed at a given moment and to start and stop
them by pressing a button has been added to the home care
system Management Portal.

Two additional tools are embedded inside the Manage-
ment Portal, the Service Editor and the Building Block
Manager.

* The Service Editor is a graphical tool designed to allow
the easy composition of new services. The user builds a
workflow in the canvas area by dragging and dropping
building blocks from the palette in the left and linking
the inputs and outputs of these blocks specifying the
service logic. This logic follows the event—action
service model presented in Section 2. The configurable
parameters of each building block are accessible
through pull-down menus. Management operations like
load and save are available, and they are linked to the
Composed Services Repository.

Additionally, the Service Editor offers two support
functionalities for the service composition: a service
checker and a service simulator. The service checker is a
tool that scans a service description applying a set of
constraints and determines if the service is free from formal
errors. When a user finishes composing a service, and
before saving it, the service checker is run to identify
common errata, like a building block not linked to anything
else, an empty parameter, etc. The service simulator allows
the execution of a service over a synthetic environment.
The user then can run the service and check if it behaves
actually as intended under controlled conditions. For
instance, a service including an unbounded loop which
sends an SMS may be unintentionally introduced in the
composition by the service creator, but it could be formally
correct, so the service checker will not show any errors.
Once executed, the service will send a myriad of SMSs,
costing a lot of money. The user acting as service creator
may use the service simulator to identify this kind of
composition errors which cannot be automatically detected
by the service checker.

* The Building Block Manager is a tool to install new
building blocks into the system. It takes the code of a
Web Service as an input in order to automatically
generate a Building Block description, able to run in the
execution environment, and store it into the Building
Block Repository. The Building Block Manager is
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linked to this repository so the system operator can

always monitor which Building Blocks are installed and

perform management (i.e., updating, cleaning, etc.)
operations over them.

Adding new building blocks to the system expands its
functionality. For instance, a user may have recently
acquired a new domotic device to automatically control
room lights through a WiFi interface. That interface could
be wrapped as a Web Service and introduced in the
Building Block Manager to be installed in the system.
Afterwards, that user may introduce light control features
into his/her compositions.

4.2 Service execution environment

The Service Execution Environment comprised four differ-
ent elements:

* A Building Block Repository used to store the description
of the building blocks. It exposes a combined Electronic
Business eXtensible Markup Language (ebXML)/XML
Configuration Access Protocol (XCAP) interface to the
rest of the platform elements.

* A Composed Service Repository used to store the
description of the composed services. It also exposes an
ebXML/XCAP interface.

* A Building Block Container which is an application
server where the building blocks of the repository are
running as Web Services. It is possible to count with
several containers to host Web Services implemented
with different technologies (Java, C#, etc.). The system
is, however, implemented with the JBoss application
server.

* The Orchestrator which is in charge of interpreting the
logic of the composed services, invoking the building
blocks hosted in the container whenever necessary.

The OPUCE platform also included a module called
Service Lifecycle Manager [14] which was in charge of
performing complex deployment tasks and resource man-
agement. Those operations are necessary for a huge system
designed to be used by thousands of people with several
machines acting as containers, but in the relatively small
environment of home care, they are not required. Therefore,
a very simple, scaled-down version of the Service Lifecycle
Manager has been put in place for this scenario, with the
only task of deploying the building blocks into the
container and the service logic into the orchestrator.

However, in the case of a big system providing home
care services to a big community of users (a complete
hospital or health institution for instance), it is possible to
use the advanced Service Lifecycle Manager to perform
complicate deployment, provisioning, and resource man-
agement actions.
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4.3 User information manager

The User Information Manager is a software module
designed to retrieve, store, and provide user’s context and
profile information to the services so they can be adapted to
each user automatically. The User Information Manager
comprised two databases:

» The User Profile Repository which is accessed by each
user of the system to manually store profile data and
preferences.

* A Context Enabler which automatically retrieves con-
text data from the user. It is able to aggregate data from
different sources, like GSM-based location servers
offered by telecom operators, but also from a small
application installed in the user’s device (PDA, smart-
phone, etc.) which collects additional data, such as GPS
location, applications being used, conversational status,
etc.

This personal information is consumed dynamically by
the Service Execution Environment to allow automatic
personalization of services. For instance, a service may be
composed to send an SMS to a relative whenever an old
person leaves home. The same service could be shared
among all clients of a home caring association because
when composing the service, the parameters ID User to
locate and target phone could be set to the special values
user.ID and wuser.carer phone (the list of these special
values known as “user sphere” [12] is presented in the
Service Editor, so they are very easy to use). Then, at
execution time, the Service Execution Environment would
retrieve the values ID and carer phone from the User
Information Manager for the specific patient which is
consuming the service.

Additionally, context data served by the User Informa-
tion Manager could be very useful if coupled with
advanced reasoning algorithms [15], resulting in machine
learning of user’s habits and intelligent adaptation per-
formed automatically.

5 Validation and use cases

In order to demonstrate the feasibility of the proposed idea,
a prototype implementation of the home care system has
been built. A set of service building blocks has also been
put in place in order to show the different kinds of features
that the system is able to handle and to compose a variety
of demonstration services. While the system is completely
functional, including the interfaces with the real world, in
order for it to be fully operative, it is enough to implement
Web Service controllers for the hardware devices and plug
them into the building blocks.

5.1 Service building blocks

These test building blocks have been included in the
prototype system:

*  Wheelchair Monitor building block: This building
block exposes several dynamic parameters of a wheel-
chair, like geolocation, velocity, acceleration, yaw, etc.
The chair is equipped with several sensors to retrieve
the data and a small computer acting as a Web server
through a WiFi/3G interface.

* Holter, Blood Pressure, Pacemaker, and Cardiac Events
Monitors building blocks: This collection of building
block grants access to the parameters measured by the
corresponding devices.

» Implanted Defibrillator Actuator: This block allows the
remote operation of an implanted defibrillator.

*  GPS Location: This block provides GPS-based location
data based on GPS suitable for outdoor environments.

* WiFi Location: This block provides precise location
based on WiFi triangulation in adapted multi-access
point (AP) indoor environments.

*  Domotic Control: This block allows the remote opera-
tion of a domotic house, such as turning on and off
lights, TV, oven, etc.

* Ambiental Data: This block offers data about temper-
ature and humidity of the user’s environment through
integrated sensors in a smartphone.

* Proximity: This block calculates the distance from one
set of coordinates to another or from one set of
coordinates to a fixed point/area.

» If.Then: This block allows the introduction of flow
control conditions.

* SMS: This blocks receives and sends SMS messages.

* (Video)Call: This block manages the establishment of
multimedia calls among different parties.

* Health Expert Interface: This block represents a GUI
running at a hospital or a doctor’s mobile device where
alerts and medical data are shown and decisions about
the workflow of a given service could be taken.

5.2 Validation scenarios

Three validation scenarios have been successfully imple-
mented to illustrate the potential of the system under very
different circumstances, patients, requirements, and aims.

5.2.1 Wheelchair control
The first scenario assumes an impaired person which uses a
wheelchair. He/she would like to automate the lighting

system of his/her home so the lights of a room are turned on
when he/she enters and off when he/she leaves. He/she uses
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a WiFi-enabled smartphone and installs a multi-AP WiFi-
based precision location system at home. Additionally, the
house is equipped with a domotic control system which
allows automatic operation of several parameters like lights
and TV. The user also owns a PC where he/she installs the
home care system.

He/she uses the creation tools to set up the workflow
depicted in Fig. 3. The location is fed into several proximity
blocks (one per room in the house) configured with the
coordinates of each room. These blocks fire the event is near
when the smartphone enters the corresponding coordinates and
is_not near when the smartphone exits them. These events are
fed into the appropriate actions of the Domotic Control block.

Additionally, if the user wants to set up an emergency
service to detect if he/she has suffered a fall with the
wheelchair, he/she could also use the blocks Wheelchair
Monitor, feeding the acceleration and yaw parameters into
the If.Then block to identify situations where the chair
could have fallen down the stairs or from certain height and
in that case fire an event that will send an SMS to a carer.

5.2.2 Heart monitoring
In this use case, it is assumed that the cardiovascular unit of

a hospital has installed the home care system in order to
implement an automatic risk detection and actuation service

on high risk patients. These patients will be equipped with
3G smartphones and specific monitoring and health equip-
ment (Holters, pacemakers, and implanted defibrillators).
The doctors at the hospital could use the creation environ-
ment to set up the risk tracking service as shown in Fig. 4.
The Holter, Blood Pressure, Pacemaker and Cardiac
Events Monitors feed data into two If..Then blocks,
together with the Ambient Data. One If..Then block is
configured with conditions that identify when the user is
doing too much exercise for his/her environmental con-
ditions by examining heart rate, temperature, humidity, etc.,
and if those conditions are met, an SMS alert is sent to the
patient. The other If..Then block monitors signals from the
Pacemaker, Implanted Defribillator, Holter and Cardiac
Events Monitors to search for high heart attack risk
situations. If such a situation is developing, the Health
Expert Interface block receives an event, which causes the
interface to pop up in the smartphone of the doctor in
charge, showing the cardiovascular data of the patient and
allowing a better tracking and crisis management.

5.2.3 Alzheimer patient tracking
In this use case, the carer of a person suffering Alzheimer

installs the home care system in his/her PC in order to
automate tracking via a smartphone which could be attached

Fig. 3 Wheelchair control scenario workflow in the Service Editor
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Fig. 4 Heart monitoring scenario workflow in the Service Editor

somehow to the patient so he/she cannot simply forget it at
home. The GPS location of the patient and domotic data are
fed into two If.Then blocks. One block identifies if the
cooker has been on for too much time, identifying a situation
where the patient may have forgotten that the cooker was on.
The other identifies if the patient has left home and sends an
SMS alert, so the carer may monitor the patient’s location
easily. This service is depicted in Fig. 5.

5.3 User validation

In order to demonstrate the feasibility of the approach
suggested, a validation test has been carried out with a
group of real end users, with the main aim of studying if the
service creation model is usable for non-experts. A total of
ten test subjects were employed in this study, including
three health professionals and two physically impaired

4. Sand IM
A Text Translator
& Send SMS.

Fig. 5 Alzheimer patient tracking scenario workflow in the Service Editor
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individuals. No one had any specific computing skills,
besides basic, user/office usage of PCs in some cases.
The test carried out comprised four stages:

+ First, the subjects were given a brief generic presenta-
tion on the aims of the home care system, not giving
any details on how to use it, and then they were left
alone to play with it trying to build a very simple
service (send a SMS when a timer fires).

* Second, the subjects were given a complete, detailed
training session on how to use the system. The composi-
tion model was explained in detail, and the tools and editor
demoed properly explaining all the abstractions and
service creation process step by step.

e Third, the users were left alone again with the system
and told to build the use case services detailed in
Section 5.2 from a textual description of the scenario.

* Finally, the users were left to play freely with the tools,
trying to build services that they would find useful in
their real lives.

Feedback was retrieved at the end of each stage by
running questionnaires among the test subjects. After
analyzing it, the conclusions of this study are as follows:

» The interest attracted is high. After the tests, all subjects
stated that the system seems to have a lot of potential
and that they would be interested in using it.

* The most recurrent comment about the system is the
satisfaction of being completely in control of the service
logic and be able to build whatever is required,
completely adapted to the specific context of each
individual. Health professionals highlighted that doctors
and health experts can implement the services directly,
avoiding the need of interfacing with a technician.

+ FEase of use and user experience at the end of the
experiment is regarded as “good”, averagely scoring 6.6
out of 10 points. However, while still all test subjects
were able to complete the tasks of the first, unassisted
stage, the time employed for it was generally long and
the frustration scores high. After the half an hour
training session of the second stage, operation with the
system during the third and fourth stages was much
more intuitive, and subjects were satisfied.

* This reveals the need for developing detailed documen-
tation and tutorials, including training videos. Addi-
tionally, one recurrent comment among the subjects was
the need for a more complete contextual help system.

* Additionally, while the basic service model was
regarded as intuitive, the configuration process of some
building blocks with several parameters was sometimes
frustrating. Feedback shows that building blocks have
to be designed carefully, with several users preferring a
larger palette with simpler blocks with only one or two

@ Springer

actions/events and only one or two parameters. This
means for instance having a building block for turning
on and off the lights of the bathroom and another one
for the kitchen instead of having only one to control all
the lights of the house.

*  One of the most important concerns expressed by the
users in their feedback was the need for a long building
block palette. When building personalized services
during the fourth stage, they asked for specific blocks
that were not present in the system. An important lesson
here, which was also a concern before the validation
stage, is the need to develop a big building block list
and promoting the usage of the building block manager
to let third parties introduce new functionalities into the
system.

* Health professionals expressed their concerns about
robustness and availability, wondering if the system is
suitable for life-or-death applications. In its current
state, the system is not prepared for those cases, but
redundancy and fail-safe features could be further added
to 1t.

6 Discussion

After the validation stage, the most important conclusion
that can be extracted is that while it takes some time to
learn, the service model proposed is suitable for its usage
among non-expert individuals that have at least a basic
level of understanding of technology (which are for
instance capable of configuring a mobile phone). Still,
someone who is not familiar at all with computers and
consumer electronics at a basic user level will most
probably not be able to use the system.

The literature shows that the Web 2.0 advances are being
seized by the home care community to foster new
applications, specially taking advantage of the increasing
availability of mobile devices, wideband multimedia com-
munications, and easy-to-use Web-based applications [16—
18]. However, all this applications are fixed in the sense
that they have been programmed ad hoc with a very
specific set of functionalities and features in mind. Ku and
Huang’s [19] for instance is a rather generic framework for
home care, but it still does not allow a deep personalization
of the functions.

This limitation is being recognized by the community,
and as such, there is an emergent trend to promote user-
centric development of home care applications. Walderhaug
et al. [20] for instance present a unified methodology for
rapidly and consistently developing new home care tools
embracing the entire community from health professionals
to software developers, but it does not eliminate the need
for technicians building the applications. The system
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proposed along this work on the contrary allows health
professionals, carers, and patients to take control them-
selves and design their own services.

The proposed system is therefore especially valuable as
an easy-to-use interface to build everyday services. Special
purpose tools will still be more robust and trustable than the
services developed with the proposed system and therefore
more suitable for critical applications. However, it is
unlikely that any software brand will release an application
for instance to send an alert to the carer whenever an elder
patient with dementia opens the oven, and it is in the field
of these small, highly personalized (yet still very useful for
carers and patients alike) services where the proposed
system finds its homage. Therefore, its key feature over
other options is its versatility.

7 Conclusions

The home care system presented along this paper
demonstrates that the application of user-centricity and
Web 2.0 paradigms to the home care environment is not
only feasible but also brings a lot of advantages to the
field, such as increased flexibility and lower technological
and economical entry barriers for potentially interested
users.

The system is built over the OPUCE platform [15] which
has been modified to fit the home care domain. Besides
developing a set of new, home care-specific building
blocks, modifications to the original platform include the
simplification of the Service Lifecycle Manager module
(which was originally developed to deploy and manage
software components over complex telco operator infra-
structures) and the addition of the service start and stop
feature, which was required for a proper operation of the
always active, continuously executing monitoring service
usually required in home care applications.

With the proposed system, quite a lot of functions are
directly available for people searching for simple home care
systems, such as automatic SMS-based alerts or location
tracking. For this kind of applications, a simple PC and a
smartphone are all what is needed to implement the system.
While being simple, they are enough to greatly improve the
quality of life of old people and other not heavily impaired
patients together with their families.

However, the use cases presented demonstrate that the
system is also suitable for advanced health applications
with just the addition of the appropriate hardware.

In all cases, the system allows people with no specific
computer skills, including carers and health professionals,
to directly implement the specific services they need,
effectively taking away from the chain the requirement for
computer experts to implement services.

These kinds of user-centric systems achieve the decou-
pling of the IT and health planes in the home care
environment. The IT professionals just need to provide
Web Service interfaces for their hardware and software
because home carers and health experts are able to design
their highly personalized services on their own.
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