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healthcare spending, cost saving and provisionfrgare

Abstract— Several social issues, like aging, stimulate theei of efficient healthcare is an important issue.
mobile ICT applications for mobile healthcare (e.g. tele-  « Cross-domain integration: To provide more efficient and
monitoring). To support novel m-health applications the cost effective healthcare, it is recognized thaltheare

consequences of developing these applications stbulbe

considered in the scope of a comprehensive architape. This must be organized as a value-chain that integratdtiple

paper describes ongoing research that focuses onvedoping an domains in healthcare (e.g., hospital — care cengameral
application framework for supporting the developmen of practitioner). This requires a form of transpareheyween
context-aware m-health applications. It gives inital requirements domains and mechanisms to effectively integratenthe

for such a framework and it gives a first attempt br a functional
decomposition. The use of the framework is illustreed by means
of an epilepsy tele-monitoring scenario.

Justification & Accountability: Patients are becoming more
demanding and want to know what happens to them and
how their money is spent on healthcare. This regua
Index Terms— application framework, context awareness, tele- mechanism to effectively reflect on healthcare and
monitoring, m-health communicate this to the patient.
Furthermore, the introduction of public wirelesstwark
infrastructures, such as the  Universal Mobile
I. INTRODUCTION Telecommunications System (UMTS), enables innoeativ
Recent improvements in healthcare have focusedapiiym Mobile healthcare services. Promising examplesuoh sn-
on: efficient working practices for professionalself health services are tele-monitoring and tele-treatrservices.
management of patients, proactive disease prevengad These services allow healthcare professionals toitorothe
continuous care management. These improvements offéealth condition of a patient and to act upon iatians of an
imply the use of Information and Communication Trealbgy —abnormal state at any time and at any place.
(ICT) by both patients and healthcare professiofidJE2],[3]. Several initiatives, such as Mobihealth [6], XMatifY] and
The following social-economical developments jystiie ~MyHeart [8] have investigated the feasibility anenbfits of
need to further support healthcare professionats patients M-health services and applications. However, theisiatives
with ICT [4],[5]: do not provide a clear application framework thatifies
« Patient-centric healthcare: For a long time, healthcare wasthe development of m-health applications. The dhjecof
government controlled. Now that patients becomeebet this paper is to present an initial applicatiomfeavork and to
informed, organized and educated, healthcare iinghi Show how this framework facilitates application elepment
from offer- to demand-driven. Consider for instarthe ©Of m-health —applications. Initially, we focus on eth
tendency that patients are treated longer in their homes decomposition of the framework in architectural Iting
instead of at care centers [2]. This requires fiitity in the ~ PlOCks.
healthcare provisioning process. A second challenge that m-health application deet®
« Efficiency & cost saving: Society is aging, which implies a @1d users face, is the handling of immense voluhégalth-
rapidly growing number of elderly people that needélated data. For instance, monitoring epileptiGgpas with
healthcare. To manage the anticipated increase GHrrently available ambulant monitoring devicesuiegs data
rates up to 264kb/s. This means a production ofvitaV sign

data of approximately 2,9 GB per patient per ddy (®her



relevant information, like patient records and nasice
information should also be accessible. Raw proogssi such

by the system that no voluntary caregiver is arotm
assist.

high volumes of data becomes impossible and comesigu
inhibits high quality healthcare. We claim that lnging
contextual information for adapting application qmments
this effect can be countered and user-tailoredicgins are
enabled [10]. The application framework presentedthis
paper incorporates the use of contextual informatio

The remainder of this paper is structured as fdaloBection
2 presents a future m-health scenario to illustiiaeproblems
involved in the provisioning of a typical m-healtervice and
to derive general requirements for our applicaframework.
Section 3 presents our initial application framewor
architecture and decomposes it into functional kdo&ection
4 describes the scenario from section 2 reflectedthie
framework architecture from section 3. Section ®spnts
some conclusions and directions for future work.

We present a scenario that illustrates a patiemirice
approach to healthcare:

TELE-MONITORING SCENARIO

Sophie is a young woman who suffers from epileps
neurological disorder in which nerve cells of theaib
occasionally release abnormal electrical pulses]itey to so
called seizures. Because the occurrence of a seigunften
sudden and unexpected, patients may feel limitadair daily
life and insecure when they are alone [11]. Sophierecently
been provided with an ambulant 24-hours monitodegice,
which is part of the Epilepsy Safety System (ES$anks to
the ESS, Sophie is no longer bound to traditionsiitutional
care and can live a more normal life without loshey feeling
of safety.

One day, while Sophie is driving her car to thepghiing
centre, the ESS detects the likely occurrence seizure. The
following actions are then taken by the system:

» The ESS warns Sophie immediately, without mediatib
a healthcare professional. Consequently, Sophablis to
stop the car at the side of the road before theuss|
occurs. In this way preventing danger for her aossjble
bystanders.

The ESS determines the availability of voluntarsegivers
(e.g., family or friends of Sophie, aware of Sofsh
condition and educated on how to provide firstiai¢ase|
of a seizure), in order to contact the most negnson.
Unfortunately, this time none of the volunteerssilable
and nearby, and the system takes no further atigards
voluntary caregivers is taken by the system (sush
sending a message to one of the volunteers, infigrimim
about Sophie’s possible seizure and her curreatilmt).

The ESS sends an alarm to the care centre, whe
available doctor starts looking at Sophie’s fulhser datg
that the system forwards. The doctor concludes tinea
situation is serious. He therefore decides to sendarby
health team as soon as possible to the location titieg
system specifies. Even more so, since he is afsonied

e
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This scenario features the ESS (see figure 1), asipihg
the important role of ICT. The ESS can be implerénn
many possible ways, but all implementations wiNdlve a
medical Body Area Network (BAN) [12],[13] to cap&uand
to process raw patient
information. A possible structure of the ESS cootamprise
the following components (see figure 1):

» Body Area network: a local network that connects devices
responsible for directly measuring, processing possibly
storing of patient data. Entities contained inB#eN are:

Sensors: devices that transform electro-physical signals
to analog or digital signals. Possible sensor tygres an
ECG sensor for measuring the patient’s hearth iagtiv
an activity sensor for measuring the patient’'s mas
activity (motion); and a GPS to determine the lmzabf
the patient.

MBU (Mobile Base Unit): a device (e.g., PDA, Mobile
phone or smart phone) that offers gateway funclityna
to connect the BAN with the m-health support system

M-health support system: connecting one or more BANSs to

m-health support services that can analyze andtorahie

condition of patients. Entities in the M-health paop
system are for instance back-end systems and tkgicer
application.

In this paper we focus on the tele-monitoring domas a
subset of the healthcare domain. This implies tteuence
of amedical BAN and the M-health support system. However,
generally, the BAN and M-health support system d&@n
replaced with arbitrary types of BANs and suppgstems for
different applications domains (e.g. home entent&int, e-
commerce).
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Fig. 1. ESS overview.

The scenario and the ESS structure are just exarnpleow
patient-centric healthcare could be provided andatwh
supporting system could look like. There are marlyenn
Rossible healthcare applications for many other lthea
conditions, and there are many variation pointdath the
presented scenario and the presented structurbeoESS.
Hgwever, if we look at the application-level ICTpgort, we
can also conclude that there are recurring problEmsolve
and issues to address:

* Mobile nomadic service provisioning: When offering

patient-centric services, we see a tendency that

information producer-consumer roles are invertette T

th



former consumer is increasingly becoming a prodwfer

is based on the architecture proposed by the Fneeba

information. This paradigm is called nomadic mobillAWARENESS project [15].

service provisioning [14], which entails that onemore
mobile devices act as mobile service provider. @ars
Sophie’s BAN, it acts as a service provider tortvbealth

support system. From another perspective, also her

caregiver may act as a mobile nomadic service gewyi
offering healthcare services, like online consgltiand
responsiveness to alarms.

e Context information processing

and application

adaptation: When providing Sophie with the ESS, major

amounts of information (vital data, treatment desdad

location data) are produced that must be analyzed a
acted upon by Sophie’s caregivers. Without a smart
mechanism that tailors the available data into lesab
become

information, the m-health applications will
practically unusable. Contextual information, whiéh

information about the environment of the user (e.g.

location), can provide information to enable ttd@garing.
Furthermore, contextual information can be useddapt
the application. For instance, to contact differearegivers
based on the availability and location of the caeg and
Sophie.

We argue that an application framework that provide

generic support for solving these recurring prolsewill
reduce the time and effort required to develop wmithe
applications. Such a framework may also fosterréiase of
components between projects in the same applicaitomain
(e.g., addressing a specific disease) or even betddferent
domains. From the previous, we can derive the Viofig
general requirements for the application framework:

)
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Fig. 2. Positioning of the application framework the AWARENESS
architecture.

AWARENESS considers a three-layered architectute T
bottom layer of the architecture is the networkasfructure
layer, offering seamless mobile connectivity (e.GPRS,
UMTS, WiFi). The middle layer is the service infiragture

 Mobility support: Sophie wants to live a normal life andlayer that provides an execution environment fomadic

does not want to be limited in her mobility. Thisplies
the need for a mobile solution.
» Context-awareness & Adaptation support: Sophie, her

mobile services. It provides general functionalike service
life-cycle management, service discovery and sBcuri
mechanisms. The top layer is the application layeere we

doctor and her voluntary caregivers have differerROSition our application framework. It offers anpégation

information needs. This implies a need for adapitati
mechanism which tailors Sophie’s information

personalized units of information for different egivers.
We claim that context improves this adaptation.réfare,

container that provides an execution environment fo

toApplication components and additionally provideseas to

generic container functions, domain specific fumasi and the
service infrastructure in general. The generic aioetr

the application framework should support adaptatioftinctions offer generic functions like context mgement,

mechanisms that can use context.

which apply to all application domains. Furthermdhere are

« Execution environment: Sophie’s BAN consists of sensorsdomain specific functions. For instance in the fsthe ESS:
and mobile communication devices. Currently, thesi¢!e-monitoring services (e.g., BANmanagement). &emore

communication devices are limited in their capéibsi
(e.g., processing power, memory, OS capabilitigs)is
implies certain additional requirements (e.g., penance

detailed overview of the framework see Figure 3l ¥k
functions in the application framework will be dissed in
more detail later on in this section.

and small footprint) for the application framework W€ assume that the network and service infrastrectu

architecture.

Before presenting the initial functional decompiosit of
our application framework, we take the broader viefva
complete ICT m-health system in which we positioar o
application framework (see Figure 2). This broadesrview

APPLICATION FRAMEWORK ARCHITECTURE

supply the application framework with some common
functionality:

» Connectivity: Applications should be able to communicate
transparently with other applications without diethi
knowledge of the underlying network technology. sThi
requirement corresponds with the “connectivity” viee
access point (SAP (i.e. represented by ovals urdi@)).



« Context management: Applications should be able to
retrieve contextual information about the serviedfrork
infrastructure and other applications/servicesttiarmore,

it should be able to propagate its own contextual

information to other context consumers via the iserv

infrastructure. This requirements corresponds wite

“context management” SAP.

» Service management: Application components should be
able to register and de-register themselves toséneice
infrastructure such that they can be found by oskeevices.
This requirement corresponds with the
management” SAP.

The provided service access points are used bgeheric
container functions defined in our application feamork.
Generic container functions are common functiomsémtext-
aware applications which cannot be encapsulatedthisy
service infrastructure. This is due to the fact tyaplication
specific knowledge cannot be dealt with by the iserv
infrastructure (e.g., a detected seizure shoutgyér context-
aware adaptation of the application. The servifestructure
cannot handle this application specific adaptation.
Furthermore, the function of the service infradiue is
different from that of the application framework.hd
application provides end-user oriented functiogalhile the
service infrastructure provides supporting fundiidy (on
service level, for instance accessing context ssuft6]) for
the applications. There must be a separation ofcerns
between the application and service infrastructiirg.

“Service

» Application Context Management: acquires and provides
application context from the application componetts
other components or the service infrastructure.
Additionally, it may involve analysis of context aits
quality (QoC) and inference of context from lowewreél
context(e.g., highlevel.speed = infer(lowlevel.tinterval,
lowlevel.distance)).

» Application Adaptation & Lifecycle Management: enables
the registration and de-registration of application
components and deals with their composition. Itoals
provides adaptation mechanisms that can adapt the
composition of application components based on
contextual information (for further information s§k6]).
Additionally, it should provide mechanism to finde(
possibly with delegation to the service infrastauej third
party and infrastructure services. This enablesanya
binding between application components and third
party/infrastructure services.

» Connectivity: provides transparent end-to-end connectivity
by supporting uniform access to the service infuastire.
Additionally, it translates user QoS requirementso i
service infrastructure QoS requirements [18] wighphof
contextual information. Connectivity is providedsked on
the contextual information and service infrastroet@QoS
requirements. Connectivity affects choices of teévork
infrastructure supporting service delivery. Furthere, the
QoS offered by the chosen communication network
infrastructure is provided as contextual informatio the

Application framework
1

application adaptation functional block.
Domain specific functions are functions (i.e.
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Domain specific functions (Tele-

facilitating toolboxes) that are specific to a
certain application domain (in this case tele-

monitoring) but common for different
applications in this domain (e.g., epilepsy,
cardiac-arrest, and  diabetic  monitoring

applications or even personal sports management
applications). They use the generic container
functions and provide additional functions to the
application components. In case of the tele-
monitoring domain, they should provide, for
instance, signal processing services and
BANManagement services.

Sgnal processing functions are concerned
with sensor data analysis and processing
mechanisms. Examples are: high pass filters,
signal computations and heartbeat detection and
calculation.BANManagement functions entail a

model of the available sensors and devices in a

( Service . ) ( Connectivity >

(

Service & Network infrastructure

particular BAN. This model forms the

)

abstraction from the physical entities and

provides access to these entities (see [17] fdnitial design

Fig. 3. Application framework

We identified the following components in thgeneric
container functionsin our framework:

of this model).

These functionalities are provided to the applaati

components using an application container (exammés
application container models are CCM [19], J2EE])26.



container provides an execution environment andleipoint (e.g., Event-Condition-Action rules [17],[21] seiglie 5).
of access foapplication components (e.g., GUI in figure 3) to

the service infrastructure and other applicatiomponents. | if (major_epileptic_seizure) then

To simplify the development process of such appibea | {notify_nearby(Doctor, Voluntary_ aid) &

components, it provides API's for common functidtyal gloggfiyg S(()gB: Ie)e%)ti c_seizure) then

offered by the generic and domain specific services {notify nearby(Voluntary aid) &
The ideas presented in this section are a firdckkef our notify(Sophie)} . .
application framework. Further work will focus oefining el se if (mnor_epileptic_seizure) then

{noti fy(Sophie)}
Fig. 5. ECA rules

this framework, for instance, determining which digidnal)
components will be needed to support context-awatealth

applications. In case of a major and a normal seizure, this t®snla
service call to the care center system which capatth the
IV. THE EPILEPSY MONITORING SCENARIO REVISITED correct caregiver. Figure 6 focuses on the Carteceside and
This section describes the scenario from sectiosflacted Figure 7 on the Caregiver side of the ESS.
in the framework architecture from section 3. Wesent a |ﬁ|
possible application of the framework for the thneajor

Caregiver

entities in the scenario (i.e., patient, care aemtregiver). o

Figure 4 depicts a patient-side instance of thdieatjn oufeaton
framework (i.e. Sophie’s application). We considesituation
in which the ESS is initialized (i.e. it is propertonfigured

Care center ESS

and all necessary services/components are regiytere !
[ ] Caregiver Care giver
w GUI database
Sophie retcnen iy || || Seretprosessne
oSeiure T Analog sensor
instructions data

Digital \

sensor dat o

Sensors
(ECG, Activity)

BANManagement Epilepsy Connectivity
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Context Life-cycle notification
management management
3gé party seizure
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Digital 2 i service lookup ificati
sensor data handling context location notification
sensol figta Lifecycle
s piepsy |3 [ {, comext (5 Ry —
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Services & Network infrastructure
Locdjon  Seizure context Fig.6. Care center -side ESS
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Fig. 4. Patient-side ESS
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Sophie is monitored by sensors (Sensors componEng).
BANManagement component manages the composition and
data flow of the sensors attached to Sophie. TWwededa from
the sensors is processed by the Signal processimganent
such that they can be used by the Epilepsy detectio
component [11]. This algorithm detects that Sophiell get a
major epileptic seizure. Sophie is advised to dtep car to

Seizure e
. o . . ontex handling context ife-cycle
prevent accidents and additionally she is inforntbdt a Toger

caregiver will be notified (GUI component). The =ek Seizre
detection is handled by the Context management oneng conex

and propagated to the service infrastructure whiserves nagement ) (_mnagemen
bandwidth needed to convey Sophie’s vital signs@ativity

component). Additionally it triggers adaptation tagisms

Care giver
availability

Patient alarm

Connectivity

Services & Network infrastructure

Fig.7. Caregiver -side ESS




The care center system receives the seizure rattific
(Connectivity component) and checks which doctors/
voluntary caregivers are available to help Sophié{cycle
management component). It then requests the locaftidhe
available caregivers and matches it to the locatibSophie
(Context management component). A service call aslento
the available caregiver that is nearest to Sopbanectivity
component). The caregiver gets a seizure notiicafiCare
giver GUI component) and based on his status (dosto
voluntary caregiver) he gets respectively the $elhsor output
or a pre-processed set of signals (Signal proogsaimd
BANmanagement component).

service/communication network infrastructure. Hinat
needs to be investigated how to adapt application
components and their composition to provide user-
tailored services.

Component model: The component container is the
execution environment of the application components
The details of the API's to be offered by the coreg,

as well as the embedding of the application compine
with current component containers (e.g., CCM, J2iBE)
still unclear. Furthermore, most current container
technologies are not suitable for mobile devicesclwvh
indicate another research issue.

We intent to combine our further research on thesaees

with the development of proof-of-concept prototyesl the

V. CONCLUSIONS AND FUTURE RESEARCH

This paper discusses ongoing research on the geuelt
of an application framework for context-aware mitiea
applications. We see a growing attention for IChéalthcare.
However, this results in an enormous increase adytion of
electronic patient data and number of availablevises.
Without a context-aware execution environment, tgpment

definition and execution of case studies togethath w
stakeholders from the mobile healthcare domain.
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