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Chapter 9 

A Home E-Health System for Dependent 
People Based on OSGI 

 

Jaime Martín1, Ralf Seepold1, Natividad Martínez Madrid1, Juan Antonio 
Álvarez2, Alejandro Fernández-Montes2 and Juan Antonio Ortega2 
1Universidad Carlos III de Madrid, Spain; 
2Universidad de Sevilla, Spain 

Abstract This chapter presents a e-health system for dependent people installed in a 
home environment. After reviewing the state of art in e-health applications and 
technologies several limitations have been detected because many solutions 
are proprietary and lack interoperability. The developed home e-health system 
provides an architecture capable to integrate different telecare services in a 
smart home gateway hardware independent from the application layer. We 
propose a rule system to define users’ behavior and monitor relevant events. 
Two example systems have been implemented to monitor patients. A data 
model for the e-health platform is described as well. 

Keywords e-health, telemedicine, telecare, dependent people, orientation, home 
automation, OSGi, HL7.  

9.1 Introduction 

The World Health Organization defines the term e-health as the relations 
between institutions, public health, e-learning, remote monitoring, telephone 
assistance, domiciliary care and any other system of remote medicine care. 
Telecare is the part of e-health that offers remote care of dependent (elderly 
or disabled people), providing the care and reassurance needed to allow them 
to live in their own homes. 

Integration of healthcare key actors is required to offer quality in service 
but e-health systems often lack adequate interoperability or integration of 
social aspects; the results is a slow down in acceptance and usage of these 
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systems. Integrating Information and Communication Technologies (ICT) 
(like for example telehomecare) in care, living and wellness is a citizens 
demand that it should be provide at affordable cost [1]. 

An example of e-health services integration challenge is to achieve 
communicate to dependent people with relatives and medical people, 
integrating movement monitorization and orientation together with 
electronic medical record transmission. Consequently, multimedia 
communication and tracking people technologies should be seamlessly 
integrated in the e-health service. Residential Gateways (RGW) enable 
telecom companies to provide applications in a home environment via a 
platform to manage several services remotely. The OSGi (formerly known 
as the Open Services Gateway initiative, www.osgi.org) specification 
provides an architecture for remote control of a platform. OSGi also includes 
support for the whole life-cycle of services (e.g. start, stop, etc.). This 
chapter proposes a platform for a home e-health system based in OSGi that 
provides capabilities to integrate different telecare, telemedicine and 
orientation support services for dependent people in the same RGW. 

In Section 9.2, the state of the art of telemedicine, telecare and electronic 
health record standards is reviewed. Section 9.3 presents the new proposal 
by describing two patient monitorization examples, a production system, use 
cases and the data model. Finally, Section 9.4 sums up the results so far and 
describes some future work. 

9.2 State of Art 

9.2.1 Related Research on Telecare and Telemedicine 

Several residential telecare and telemedicine platforms approaches are 
presented in literature. Bobbie [2] describes an electronic-prescription 
system for home-based telemedicine using the OSGi framework. This article 
describes a health-prescription application running on a smart card that 
communicates with a Personal Digital Assistant (PDA). It uses OSGi as a 
central coordinating point between different devices. The OSGi environment 
is aimed to allow intercommunication between the card reader, the patient’s 
PDA application and other devices. However, it lacks a detailed description 
about how the system is implemented and how security needs are reflected 
in the application implementation that are specific in a medical environment. 

The Service-Oriented Agent Architecture described in another approach 
[3] enables healthcare services providers to support telecardiology services 
on demand. It proposes a runtime unit of telemedicine agents to permit 
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services to be managed remotely. The system consists of an agent unit, 
which includes a vital signals acquisition module; it can acquire ECG 
(electrocardiogram) data and forward ECG data to a medical service center. 
It uses Web Services to communicate to all services via XML in multiple 
platforms but it does not mention any EHR standard. 

Some Spanish research projects have presented a generic architecture to 
e-health system based on middleware components [4]. The goal is to provide 
a service platform for any kind of e-health application. These generic 
architectures should allow a quick development of new services using the 
existing infrastructure. Currently, the HL7 standard is ruled out because it 
lacks interoperability with other systems and EN 13606 is proposed to 
represent and to transmit clinic information. Currently, a proposal of an 
IEEE 11073 platform for healthcare tele-monitoring has been published [5]. 
This work identifies a set of use cases relevant for a personal monitoring 
scenario and it identifies related features and functionalities.  

9.2.2 E-Health Technologies 

Health patient data must be transmitted and saved in a standard format 
supported by all involved systems. An electronic health record (EHR) refers 
to an individual patient’s medical record in digital format. An EHR 
standards comparative study [6] describes HL7 and EN 13606 standards. To 
transmit medical information between devices IEEE 11073 has been 
developed. A brief overview of these technologies is presented in the 
following three sub-sections. 

9.2.2.1 HL7 

Health Level Seven (HL7) [7,8] is a widely applied protocol to exchange 
clinical data. Several versions are been developed by the HL7 organization, 
part of American National Standard Institution and founded in 1987. Version 
3 is beyond the scope of this chapter because it is a complex standard and 
there is no a stable version available [9]. 

The HL7 refers to seventh OSI layer (application) although it also 
specifies a layer 6 presentation protocol made up of its own abstract message 
format and encoding rules. Concerning the lower layers, like session and 
transport services, it is rather vague because the HL7 authors’ intention was 
to support a wide variety of systems. The underlying HL7 operational model 
is a client-server system. For example, when a patient is admitted to a 
hospital, the admission system will propagate HL7 admission messages to an 
appropriate subsystem. An HL7 message always contains all the information 
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required to complete a transaction and it is encoded in HL7 rules. 
Essentially, all information is transmitted in ASCII plain text. The standard 
allows defining site-specific extensions segments, like message extensions to 
exchange data with an appointment system. However, the use of these 
extensions can prompt serious interoperability problems. Moreover, HL7 
lacks a specific methodology to generate messages and it is not clear how 
the structural relations between fields are defined. 

9.2.2.2 EN 13606 

Health informatics – Electronic Health Record Communication standard (EN 
13606) is a European official standard of CEN (European Committee for 
Standardization) and an approved ISO standard. The overall goal is define a 
rigorous and stable information architecture for communicating part or all of 
the EHR of a patient. It is based on the HL7 RIM (Reference Information 
Model) from HL7 v3, a set of data type definitions harmonized between 
HL7 and CEN, the EHR Domain Information Model (DMIM) and a bunch 
of RMIMs dedicated to certain structures and functionalities. 

EN 13606 is flexible to represent the information structures transmitted 
thanks to the archetypes, a knowledge representation of the clinic 
information domain. Moreover, it is robust with respect to changes in the 
specifications because changes in the archetypes do not provoke a change in 
the underlying system. 

The openEHR framework (www.openehr.org) is compliant to the EN 
13606 and it is used in commercial systems throughout the world. 

9.2.2.3 ISO/IEEE 11073 

A brief description of novel standards ISO/IEEE 11073, often also referred 
to Medical Information Bus (MIB), or x73 standards, for personal 
telemedicine systems interoperability can be found in [10]. The goal is to 
enable medical devices to interconnect and interoperate with other medical 
devices. These standards cover the upper OSI layers and use well-known 
IEEE standards like Bluetooth (802.15.1) or WLAN (802.11) in lower 
layers. Part of x73 standards focus on point-of-care medical devices 
communication which are mainly designed for acute monitoring and 
treatment application in a particular diagnostic, bed or treatment area in the 
hospital domain like Intensive Care Unit (ICU). Several of x73 standards 
series are currently drafts and new projects are under development; first 
prototype implementations are available in industry. 
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The standard is based on an object-oriented system management 
paradigm. A numeric code set identifies every item that is communicating. 
This is more efficient than HL7 because it uses binary instead of plain text 
data. The key objectives for clinical domain applications addressed by the 
standard are real-time plug & play interoperability and frequent network 
reconfiguration. Special attention has been paid to reduce implementation 
complexity and computational burden of devices. For wireless devices, 
transmission power and transmission time could be reduced. 

9.3 E-Health Service Proposal for Dependent People 

9.3.1 Overview 

Our proposal attempts to integrate several smart home services to provide a 
scalable and interoperability e-health solution. The system is divided into 
three basic subsystems: domotic, multimedia and e-health subsystem. In the 
domotic subsystem different devices can co-exist in each subsystem 
connected by wire or wireless to a residential gateway (RGW) based on an 
embedded OSGi framework. Blood-pressure monitor and a pair of scales are 
examples of integrated devices in the medical network. 

A domotic environment based on a Lonworka network typically includes 
sensors and actuators, for example light sensors or blind motor. A Lonworks 
platform provides a reliable and open protocol accepted as a standard for 
control networking. As we see in data model, a RGW can obtain some useful 
environment variables from automation home network so when a relevant 
event occurs, an alert or alarm is reported in the RGW. This event can be 
sent to relatives or medical people. The multimedia network typically 
includes a television, an IP camera or a webcam with microphone, necessary 
for dependent person to communicate. The RGW is able to physically 
interconnect all required networks and devices, and to host different services 
which can be managed remotely by the e-health or access provider. 
Multimedia services, like SIP audio/videoconference are provided to 
communicate during the medical tele-visit (cf. Fig. 9.1). 

 
 

a http://en.wikipedia.org/wiki/LonWorks 
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A rule-alert system was designed to send automatically a SMS to the 
relatives; an OSGi-Server stores vital constants to be queried by authorized 
users. 

9.3.3 Production System 

A rule-based system to control and monitorize the user’s behavior is 
presented here. This is a production system formed by a facts base and rules 
base as showed in Fig. 9.4. This has been implemented as a rule engine and 
scripting environmentb written in Java language by Jess. 

 

Fig. 9.4 Production System for e-Health system 

In Table 9.1 we show an example of Rules Base for our e-Health 
platform with health and automatic rules based on a health monitor and other 
sensors. 

Table 9.1 Example of rules base for e-health system 
Condition Action 
High Blood Pressure Rate Call to health professionals 
High Blood Pressure Rate Call to relatives 
Low Light Level Rise up blind 

 
In certain cases, we need a priority range for these rules because it is 

possible that several rules apply at the same time. Priority and urgency 

 
 

b http://herzberg.ca.sandia.gov 

Patient Medical Data

Environment Data Facts Base

Rule System

Jess (Java Rule Engine)

Production System

Bundle Services

9  



 

h

p

W

t

b

t
p

r

126 

issues for a 
actions shoul
or very critic
has a lot of p
The assistant
patient. 

9.3.4 Us

We can iden
administrator
administrator
to configure 
administratio
by a device 
admin. User
assistants or 
them accordi
person can s
during the pe

Telecare 
another use c

This is o
relatives and
contact first o

mobile care 
ld have a prio
cal and they n
pain he can c
t can then de

se Cases 

ntify some i
r controls th
rs for each su
e-health dev

on by virtuali
is part of a s

rs without ad
dependent pe

ing to their pr
et the hours 

eriodic blood p
with assistan

case, like it is 

often organiz
d friends. Th
of all his rela

system are t
ority level bec
need a faster 
contact the as
ecided if an 

important us
e RGW but 

ubsystem like
vices only. A
zation is des
scene, i.e. a s
dministration
erson can dir
references. F
that a blind 
pressure chec

nt people of 
shown in Fig

Fig. 9.5 Telec

zed without 
he problem is
atives and frie

 

treated in [16
cause some si
response. Fo

ssistant befor
ambulance i

se case of th
can appear 

e an e-health 
A solution to 

cribed in [17
set of pre-est

n permission,
rectly custom
or example, a
is open to al

ck. 
the patient/d

g. 9.5.  

care use case 

considering 
s that the pa
ends if they n

J. M

6]. Alert mec
ituations coul
or example, if
re relatives ar
is required to

he platform.
that there a

admin, which
separate diff

7]. Every serv
tablished serv
, like relativ

mize the devic
a relative of 
llow illumina

dependent per

a communi
atient usually

need anything

Martín et al.

chanisms in 
ld be critical 
f the patient 
re informed. 
o attend the 

 A general 
are different 
h is allowed 
ferent RGW 
vice offered 
vices by the 
ves, friends, 
ces to adapt 
a dependent 

ate the room 

rson can be 

ication with 
y prefers to 
g. According 



A Home E-Health System for Dependent People Based on OSGi 127
 

 

to several studies, dependent people are reluctant to use many health care 
services because they do not personally know the operator or the contact 
person in the service centre. So an objective of this work is to integrate 
relatives and friends into the healthcare service provision, and thus increase 
the usability of the system. For example, in this use case the assistant 
initiates a SIP video call with the patient and with a relative. He checks 
remotely the vital statistics like weight or blood pressure thanks to health 
care devices at the patient home. The wireless devices are connected via x73 
standards (or proprietary protocols) to RGW which recovers the medical 
information, processes data and saves them in HL7 format. Then, the data 
can be processed by the medical information system and displayed to the 
doctor in his computer. 

9.3.5 Data Model 

The data model designed is divided into the user management on one side 
and the device management on the other side. An overview of data model is 
shown in Fig. 9.6.  

A generic User entity saves basic data, like name, surname, address, etc. 
Defined attributes in this schema should be compatible with HL7 PID 
(Patient Identifier Segment) fields. For example, Spanish second surname 
must be matched in Mother’s Maiden Name (XPN) following the HL7 Spain 
recommendations (www.hl7spain.org). Relative, Assistant, Doctor and 
Administrator are entities which have different attributes and different roles 
according to their permissions. A role defines a permission to access to data 
or devices. In this manner, the user type definition is separated from 
privilege definition. The administrator user has total control over the full 
system in case he is the RGW admin or only partially in case he is member 
of another admin type, like the e-health admin. Automation, multimedia and 
medical devices have a link address and/or IP address, status, service list and 
several configuration variables. The RGW can save some parameters of a 
Lonworks node like for example its ID or its network variables to monitor 
the status of patient and his environment. 

The doctor is allowed to access basic and medical data of the assigned 
patients. The assistant entity can represent a nurse or a social assistant. 
Information about medical visits, like diagnostic, reason and date, is saved in 
Visit entity. If a doctor orders a treatment, important dates and status are 
saved in Treatment. There is medicine administration sometimes, so 
frequency, medicine name and comments can be annotated in Medicine. A 
user (doctor, assistant or patient) can add remainders associated to a 
treatment, like exercises or medical administration remainders. 

9  



 

A

m
p

t

128 

9.4 Con

A new e-heal
all relevant m
medical perso
platform. Eac
enhance the q
goal, the tech
technical dev

nclusions a

lth system arc
members into
onal and rela
ch entity has i
quality of life
hnical infrastr
vices. Existing

Fig. 9.6 Platform

and Future

chitecture has
o a common 
atives (or frien
individual du
e for the depe
ructure has be
g but also ex

 

m Data Model 

e Work 

s been presen
scenario. Th

nds) are integ
uties following
endent person
een develope
tended versio

J. M

nted that tries
he dependent 
grated as mem
g the general 
n. Besides th

ed to seamless
ons of standar

Martín et al.

 to integrate 
person, the 

mbers of the 
objective to 
is important 
sly integrate 
rds are used 



A Home E-Health System for Dependent People Based on OSGi 129
 

 

and proposed in order to increase efficiency and usability in realistic 
scenarios. Future work will provide a basic implementation and test of use 
cases..  
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