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Abstract 

Population ageing needs health-enabling technologies for 
delivering pervasive health care. Home care plays an import 
role in pervasive health care. In this paper, we aim to con-
struct a home-centered health information system architecture 
which can efficiently manage multi sensors, actuators and 
decision support systems. Open Services Gateway initiative 
(OSGI) was used for constructing the service oriented archi-
tecture. HL 7 Arden Syntax for medical logic module (MLM) 
was used to describe the medical knowledge; An Arden com-
piler was used to interpret the MLMs. The Arden compiler 
was packed in an OSGI bundle. All of the knowledge bases 
can share the compiler within the OSGI platform. System 
within the OSGI-based architecture can change their behav-
iors during runtime. The proposed prototype architecture was 
deployed in a case study. 
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Introduction 

With the improvement of living standards and medical quality, 
people have rising life expectancy. A United Nations popula-
tion division report shows the changes of the age structure [1]. 
The global potential support ratio (the number of people age 
15-64 per one older person aged 65 or older) has decreased 
from 12 in 1950 to 9 for today and is estimated to 4 in 2050. 
The number of persons aged 80 or older is 1.6% of the popula-
tion worldwide for today and is estimated to be 4.4% in 2050. 
Every country is facing or will face population ageing and the 
issues that come along with it. Older people have a signifi-
cantly greater probability of having multiple chronic diseases 

older persons live alone, who might need outside assistance in 
the case of illness or disability and are at greater risk of social 
isolation and poverty [3]. Population ageing is an unprece-
dented challenge for human societies. 

With the development of information and communication 
technology (ICT), pervasive health care, which contributes for 
the independent life of ageing people, keeping up quality of 
life and self-sufficiency of ageing people, might be one solu-
tion for the ageing society. According to Jakob Bardram, one 
of the important pervasive health care aspects is home care [4, 
5]. Many researchers try to develop home care system for 
monitoring of vital signs and for improving life quality. Rogers 
et al have developed a home-based monitoring system for 
measuring blood pressure [6]. Using of the home monitoring 
system, detection of essential hypertension has significantly 
improved. Angius et al have developed a home care system 
exploiting the DVB-T technology [7]. Using of the set-top box 
enables untrained or even elderly people can easily use the 
system. A low-cost base station for the acquisition of 1-lead 
ECG signal has been connected to the system. Jakkula et al 
have created a smart home which can perform automated 
health monitoring and detect anomalies [8]. Based on the con-
text information of interactions with electronic devices, mod-
els of resident behavior in the smart home were analyzed.  

Decision support system (DSS) is an effective method to im-
prove the price-performance ratio of patient care and reduce 
medical error [9]. DSS has also been used in home care system 
for dealing with vital signs and for assisted living. Marschollek 
et al have developed a home care DSS which can merge smart 
home and vital signs [10]. Using data from different sauces 
enables individualized, more personal decision support. Song 
et al have developed a DSS for home-based rehabilitation of 
patients affected by chronic obstructive pulmonary disease 
[11]. This DSS can observe and control physical ergometer 
training sessions autonomously.  

A home care information system contains some key elements: 
people especially old people, sensor for measuring data, DSS 
for processing data, and actuator for the implementation of the 
action. These four elements can form a loop (figure 1), this 
loop enables people have an assisted living. In order to fully 
care the elderly, multi sensors, DSSs, and actuators should be 
used in the home care information system. To efficiently man-
age the multi sensors, DSSs, and actuators, a high-quality in-
formation architecture is very important. 
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Objective 

The aim of our research is to construct a home-centered health 
information system architecture which can efficiently manage 
multi sensors, actuators and DSSs.  

Methods 

Open Services Gateway initiative (OSGI) 

OSGI is a service-oriented architecture and has been used in 
building automation [12]. We use OSGI framework to build 
up the home-centered health information system architecture. 
The so-called bundles within the OSGI framework are ser-
vices. The bundles can be remotely installed, started, stopped, 
updated and uninstalled during runtime. This means, it is pos-
sible to connect or disconnect new services without having to 
reboot the system. We embedded the sensors, actuators and 
DSSs in the bundle so that they could work as service and 
could be controlled individually during run time.  

 

Figure 1- loop in home care information system (decision 
support system (DSS))  

 

Figure 2- Three-layer Graph-based meta model (3LGM2) of the proposed home-centered health information system architecture 
(electronic health record (EHR), graphic user interface (GUI), decision support system (DSS), knowledge base (KB), data base (DB), 

Open Services Gateway initiative (OSGI), personal computer (PC))
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Arden Syntax for medical logical module (MLM) 

Health level 7 (HL7) Arden Syntax for MLM is a language to 
encode medical knowledge for delivering decision support 
[13]. The medical knowledge is organized into MLM by Ar-
den Syntax. We propose to use Arden Syntax for MLM in the 
home-centered health information system, because it facilitates 
knowledge sharing among health care providers. The know-
ledge base (KB) standardized by Arden Syntax for MLM can 
provide interoperability with other heath information system 
(e.g. hospital information system).  

We utilized the commercial software Medexter  [14] to in-
terpret the Arden Syntax. Medexter  contains an Arden com-
piler and an interface to connect to other host systems. The 
Arden compiler supports the Arden Syntax version 2.7. 

Results 

A service-oriented architecture 

We use Three-layer Graph-based meta model (3LGM2) [15] to 
describe the proposed home-centered health information sys-
tem architecture (figure2). The three basic tasks of home care: 
disease management, emergency detection and alarm, as well 
as health status feedback and advice [16], proposed by Haux et 
al are shown at the domain layer. In the logical tool layer, 
OSGI framework is used to construct the service-oriented ar-
chitecture, electronic health record (EHR), data pre-processing 
module, DSS and graphic user interface (GUI) are connected 
as bundles in the framework. The data pre-processing module 
is connected to sensors (or actuators) and used to provide pre-
liminary data treatment. The meaningful data gathered from 
sensors are recorded into the EHR. The EHR is connected 
with DSSs which are used for emergency detection and alarm, 
disease management, as well as daily assistant. Delivering de-
cision support for people especially old people in home envi-
ronment contains many aspects, e.g.: fall detection, training 
controlling, appointment scheduling, etc. Each aspect should 
have a corresponding DSS. Managing of multi DSSs is a chal-
lenge in the architecture; the solution is reported in the next 

section. The GUI is used for the feedback of the health related 
information to people who live at home. In the physical tool 
layer, sensors, actuators and computers are connected by wire-
less or wired network. e-
ters, actuators enable an assisted living. 

Managing of multi DSSs 

As expressed in the previous section, multi DSSs including 
KBs should be used in the home-centered health information 
system. We used Arden Syntax for MLM to standardize the 
knowledge and packed the Arden compiler into an indepen-
dent OSGI bundle for sharing of the compiler. This compiler
bundle exports all of the packages which are used by other 
bundles for interpreting MLMs. The MLMs in each KB were 
connected with the compiler bundle through an interface bun-
dle. MLMs in the same KB can be linked directly according to 
the logic; MLMs in different KBs are not allowed to fire each 
other directly. The compiler bundle can be started or stopped. 
If the compiler bundle is stopped, the MLMs cannot be inter-
preted. This design is demonstrated in Figure 3.  

Case study 

We have built a smart home equipped with environment sen-
sors and on body sensors to deploy our home-centered health 
information system architecture. This smart home is designed 
for old people who have multiple chronic diseases and live 
alone. OSGI-framework is used in the smart home to build up 
the architecture. Some sensors are embedded into OSGI bun-
dles, so they could be controlled during run time. Figure 4 
shows most of the sensors in the smart home.  

We have constructed two DSSs which were embedded in the 
OSGI-framework. One DSS is used for rehabilitation training 
of patients suffering from COPD; the other is used for fall de-
tection. The two DSSs shared one knowledge engine, but the 
two KBs in the two DSSs were stored and managed separately. 
MLMs which are stored in the same KB can call each other 
directly. The knowledge engine can find and fire the MLM
through a unique routing. 

 
Figure 3- sharing of Arden compiler within Open Services Gateway initiative (OSGI) framework (knowledge base (KB)) 
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Figure 4- The smart home equipped by environment sensors and on body sensors (Electrocardiography (ECG))   

The triaxial accelerometer is one of the on body sensors, it is 
used for activity detection (e.g.: fall, step, etc) [17]. We take 
the triaxial accelerometer as an example to follow a work flow 
of the smart home. An old person takes the triaxial accelero-
meter and lives in the smart home, once the DSS detects an 
emergency situation (e.g.: the person fell and cannot stand up 
alone), the DSS will automatically fire the rules and call for 
outside assistance. The related information about the fall ga-
thered by the triaxial accelerometer and other sensors will be 
recorded into the EHR for further treatment and investment. 

Discussion 

Health-enabling technologies have the potential to signifi-
cantly improve quality of life and efficiency of health care in 
aging societies [18, 19]. Sensor-enhanced information system 
plays an important role in Health-enabling technologies for 
delivering pervasive health [20]. Haux et al identified four 
major paradigms of ICT architectures for health-enabling 
technologies: [16] 

 person-centered ICT architectures, 
 home-centered ICT architectures, 
 telehealth service-centered ICT architectures, 
 health care institution-centered ICT architectures. 

In this paper, we propose a service-oriented home-centered 
ICT architecture. This architecture contains sensors, actuators, 
data pre-processing module, DSSs, EHR, GUI, etc. Our archi-
tecture is based on the OSGI framework and can thus change 
system behavior on the fly. Using health-enabling technologies 
in home environment for improving life quality of older people 
has not only technical issues but also social issues. Sensors 
might not be accepted for various reasons [21], privacy can be 

22]. E.g.: although a camera 
nstall a 

camera in their own bathroom. The OSGI framework based 
architecture enables people choice services on demand during 
run time.  

There are also some other related works about using OSGI in 
home care information system. The SAPHIRE project tries to 
develop an intelligent healthcare monitoring and DSS on a 
platform integrating medical sensor data [23]. OSGI was used 
to build up the multi-services home care platform which com-
municates between clini ition, 
this platform manages the execution of the individualized 
guideline which is modeled by Guideline Interchange Format 
(GLIF). The Gator Tech Smart House project aims to create 
assistive home environments that can sense themselves and 
resident and enables the communication with outside services 
[24]. To create the Gator Tech Smart House, a generic refer-
ence architecture which contains five layers (physical, sensor
platform, service, knowledge, context management, and appli-
cation layers) was built up. In the service layer, OSGI was 
used to maintain leases of activated services. In the knowledge 
layer, ontology was connected to the system.  

Comparing with architectures in the SAPHIRE project and the 
Gator Tech Smart House project, our architecture has not only 
similarity but also difference. The similarity is that all of the 
three architecture use OSGI framework. The difference is that 
we use Arden Syntax for MLM to represent the knowledge in 
the DSSs (SAPHIRE uses GLIF, Gator uses ontology). Know-
ledge could also be represented in other formats, e.g.: Drools. 
We use Arden Syntax for MLM because it has been standar-
dized by HL 7 since 1999 and it facilitates knowledge sharing 
among health care providers. wledge, this 
is the first integration of Arden Syntax for MLM into OSGI 
framework. 

To deliver decision support for people especially old people in 
home environment, multi DSSs including multi KBs should be 
used. Ng et al have developed an architecture for managing 
multi DSSs [25]. In this architecture, each DSS has its own 
KB and knowledge inference engine. We think that sharing the 
knowledge inference engine among the multi KBs could im-
prove its reusability and reduce the system redundancy. The 
precondition of sharing knowledge inference is that the know-
ledge in different KBs should have a unified representation 
form. The KBs which are standardized by Arden Syntax for 
MLM in our proposed architecture fulfill the precondition. We 
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packed the knowledge inference engine (Arden compiler) into 
an independent OSGI bundle. This Arden compiler bundle is 
responsible for interpreting MLMs in all of the KBs. We eva-
luated this design with two KBs in a prototype-like laboratory 
implementation; a formal evaluation with multi DSSs will be 
done in the further. 

Conclusion 

In this paper we have introduced a home-centered ICT archi-
tecture for delivering pervasive health care. Systems in this 
OSGI framework based architecture can change their beha-
viors on the fly. To deliver decision support, HL 7 Arden Syn-
tax for MLM was integrated into the architecture. This archi-
tecture could be used in a home environment for improving 
life quality of people especially old people.  

Acknowledgements  

This work has been done in the Lower Saxony research net-
 

(www.altersgerechte-lebenswelten.de). It has been partially 
funded by the Lower Saxony Ministry of Science and Culture 

h program.  

References 

[1] United Nations Populations Division. World Population Pros-
pects. The 2006 Revision Population Database.  
http://esa.un.org/unpp. Accessed May 11, 2009. 

[2] Walker AE. Multiple chronic diseases and quality of life: pat-
terns emerging from a large national sample, Australia. Chronic 
Illn. 2007;3(3):202-218. 

[3] United Nations, Department of Economic and Social Affairs. 
Population aging 2006. 
http://www.un.org/esa/population/publications/ageing/ageing20
06chart.pdf. Accessed May 11, 2009. 

[4] Bardram JE. Pervasive healthcare as a scientific discipline. 
Methods Inf Med 2008;47:178-185. 

[5] Bardram JE, Mihailidis A, Wan D. Pervasive computing in 
healthcare. Boca Raton, FL, USA: CRC Press; 2006. 

[6] Rogers MAN, Buchan DA, Small D, Stewart CM, Krenzer BE. 
Telemedicine improves diagnosis of essential hypertension 
compared with usual care. J of Telemed and Telecare 2002; 8: 
344-349. 

[7] Angius G, Pani D, Raffo L, Randaccio P, Seruis S. A tele-home 
care system exploiting the DVB-T technology and MHP. Me-
thods Inf Med. 2008;47(3):223-228. 

[8] Jakkula V, Cook DJ. Anomaly detection using temporal data 
mining in a smart home environment. Methods Inf Med. 
2008;47(1):70-75.  

[9] Eslami S. Pharmacotherapy and patient safety in intensive care: 
impact of guideline-based decision support. Doctoral thesis, 
University of Amsterdam: Netherland; 2009. 

[10] Marschollek M, Bott OJ, Wolf KH, Gietzelt M, Plischke M, 
Madiesh M, Song B, Haux R. Home care decision support us-
ing an Arden engine - merging smart home and vital signs data. 
Stud Health Technol Inform. 2009;146:483-487. 

[11] Song B, Wolf K-H, Gietzelt M, Alscharaa O, Tegtbur U, Haux 
R, Marschollek M. Decision support for teletraining of COPD 
patients. Methods Inf Med. 2010:1(49):96-102. 

[12] OSGI. http://www.osgi.org. Accessed July 25th, 2009. 

[13] ANSI/HL7 Arden V2.5-2005. Health Level Seven Arden Syn-
tax, Version 2.5 (revision of ANSI/HL7 Arden V2.1-2002). 
2005. 

[14] http://www.medexter.com. Accessed July 25th, 2009. 

[15] Winter A, Brigl B, Wendt T. Modeling hospital information 
systems. Part 1: The revised three-layer graph-based meta mod-
el 3LGM2. Methods Inf Med 2003;42 (5):544-551. 

[16] Haux R; Howe J, Marschollek M; Plischke M and Wolf K-H. 
Health-enabling technologies for pervasive health care: on ser-
vices and ICT architecture paradigms. Informatics for Health 
and Social Care 2008;33(2):77-89. 

[17] Marschollek M, Wolf KH, Gietzelt M, Nemitz G, Meyer zu 

Risk Using a Spectral Analysis on Accelerometric Data  A 
Clinical Evaluation Study. In Proceedings of IEEE EMBC 
2008. 

[18] Koch S, Marschollek M, Wolf KH, Plischke M, Haux R. On 
health-enabling and ambient-assistive technologies. What has 
been achieved and where do we have to go? Methods Inf Med. 
2009;48(1):29-37.  

[19] Haux R. Individualization, globalization and health--about 
sustainable information technologies and the aim of medical in-
formatics. Int J Med Inform. 2006 Dec;75(12):795-808. 

[20] Bott OJ, Marschollek M, Wolf K-H and Haux R. Towards new 
scopes: sensor-enhanced regional health information systems - 
part 1: architectural challenges. Methods Inf Med 2007;46:476-
483. 

[21] Fensli R, Pedersen PE, Gundersen T, Hejlesen O. Sensor ac-
ceptance model - measuring patient acceptance of wearable 
sensors. Methods Inf Med. 2008;47(1):89-95.  

[22] Courtney KL. Privacy and Senior Willingness to Adopt Smart 
Home Information Technology in Residential Care Facilities. 
Methods Inf Med 2008; 47: 76-81.  

[23] Hein A, Nee O, Willemsen D, Scheffold T, Dogac A, Laleci 
GB.: SAPHIRE - Intelligent Healthcare Monitoring based on 
Semantic Interoperability Platform - The Homecare Scenario -. 

 

[24] Helal S, Mann W, El-Zabadani H, King J, Kaddoura Y, and 
Jansen E. The gator tech smart house: a programmable perva-
sive space. Computer 2005;38(3):50-60. 

[25] Ng K, Abramson B. Probabilistic Multi-Knowledge-Base Sys-
tems. J of Applied Intelligence 1994;4:219-236. 

 
Address for correspondence 

Bianying Song MSc 
Peter L. Reichertz Institute for Medical Informatics,  
University of Braunschweig  Institute of Technology and Hannover 
Medical School 
Muehlenpfordtstrasse 23 
D-38106 Braunschweig, Germany 
+49 531 391 2127 
bianying.song@plri.de 

B. Song et al. / A Home-Centered ICT Architecture for Health-Enabling Technologies52


