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Abstract

With the brilliant advance of ubiquitous technologies, it is possible to provide more smart
and pervasive healthcare services in a smart home environment. Despite of these remarkable
advances of technologies, there are few smart home-based personalized healthcare services
which fully consider not only user’s current situation but also user’s social relationship. In
this paper, we try to model contexts which are generally distributed in smart home
environment using the ontology technology. The set of modeled contexts includes home
domain-based contexts and social relationship-based contexts. Based on these context models,
we can provide fully personalized healthcare service to a specific user in a smart home
environment. For verifying the usefulness of the proposed smart home service, we
implemented a prototype of healthcare services. Through the demonstration of the developed
prototype, we know that using ontology-based context awareness model can provide situation
and social-aware health care services in much pervasive way.

Keywords: Smart home healthcare service, situation awareness, socially awareness,
ontology-based context model

1. Introduction

The interests of smart home services in ubiquitous environment are increasing with the
advance of ubiquitous technologies such as the sensor network and diverse types of devices.
In addition, the need for new personalized health care services that are usable at anytime and
anyplace is growing due to these remarkable technologies. Recently, personalized pervasive
application has been viewed as an efficient mean to improve human’s life. The emerging
context-aware computing paradigm offers a unique and real opportunity for us to create
pervasive applications and environment specially designed to support the mobile human in
ubiquitous environment. Because of the advancement of the sensor technology, it is possible
to cognize user’s dynamic current context. So, the emerging mobile computing paradigm
offers a unique and real opportunity for us to create pervasive applications and to support the
user who wants to be provided with cost-effective smart services such as a personalized
health care service. Also, in ubiquitous environment, a person could possess or associate
with one or more devices such as smart phones, sensors, actuators, or Radio-Frequency
Identification (RFID) and tags which have not only various types of functions but also diverse
sizes of the display. Beside, these mobile devices have the ability to access the World Wide
Web and to communicate with each other through the wireless. In other words, pervasive
presence around us of a variety of computing objects are able to interact with each other and
cooperate with their neighbors to reach common goals. Ultimately, all the computing devices
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around us could provide each user with personalized health care services considering user’s
current contexts.

With the advance of ubiquitous computing technologies, people can spend more time in
their homes where various types of technologies ideally provides a safe, comfortable
environment in which to relax, communicate, learn and be entertains. Increasingly, it is where
people connect with friends and family, conduct business, manage resources, learn about the
world, and maintain health. Unfortunately, homes today are ill-suited to exploiting the
pervasive computing applications. In other words, there are few personalized smart home
health care services which fully consider a specific user’s situation for providing appropriate
recommendation service with each user’s current context. Actually, we think existing smart
home healthcare services do not fully apply sensor computing. Therefore, we try to provide
smart home-based healthcare services to a specific user in pervasive and seamless way using
context awareness computing technique.

The rest of the paper is organized as follows. Section 2 describes related works and
background related with the proposed method for developing the context awareness-based
healthy life assistant platform. Section 3 discusses in detail the structure of the proposed
platform. Section 4 presents the implementation of the context awareness-based healthy life
assistant platform. Also, in the Section 4, we additionally develop the smart home healthcare
system prototype in smart home environment in order to verify the usefulness of our proposed
health care platform in the smart home environment.

2. Related work and background

2.1. Personalized Smart Home Services based on Context-aware Computing

Mark Weiser first introduces the term “pervasive’ which refers to the seamless integration
of devices into user’s every life [1]. And the term ‘context-aware computing’ was defined by
Schilit and Thimer in 1994 [2]. They described context as ‘location of use, the collection of
nearby people and objects as well as the changes to those objects over time’. Much of the
early work on context-aware systems used similar extensional definitions which defined
context by enumerating the constituting parameter. Dey AK et al., enumerate ‘location, time
of day, season of the year, and temperature’. These definitions are very special and only
reflect the types of information that have been used by the researchers in their context-aware
applications [3]. Chen and Kotz defined context is the set of environmental states and settings
that either determines and an application’s behavior or in which an application event occurs
and is interesting to the user [4]. Considering personalized content service, context can be
considered as any information that can be used to characterize the situation of a specific user.

People spend more time in their homes than in any other space. The home ideally provides
a safe, comfortable environment in which to relax, communicate, learn and be entertained.
Beside, increasingly, the home is where people connect with friends and family, conduct
business, manage resources, learn about the word, and maintain health. With the brilliant
advance of various technologies, our homes will be so fully automated and ‘smart’. We will
spend nearly all our time in the home engaged in leisure activities because digital and robotic
agents will have taken over the mundane chores of every life. Many researchers and
technologies are more cautious in predicting the future of the home. Hossein et al., propose
new approach to help post-stroke patients. To do this , they fuse inertial and Microsoft Kinect
sensors to monitor the patient’s intake gestures including fine cutting, loading food, and
maneuvering the food to the mouth [5]. Bram et al., tackled the problem of establishing
connections between devices in a smart home environment by semantic connections. Their
prototypes introduce both a tangible and an augmented reality approach towards exploring,
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making and breaking connections. However, these many researches for smart home are bias
toward creating automatic or smart home environments that eliminate the need to think about
tasks such as controlling heating and lighting, going to the grocery store, scheduling home
appliances, and cooking [6-9]. Besides, there are few considerations about the user’s social
relationships. Therefore, these researches have the limitation of providing fully personalized
services to a specific user.

2.2. Ontology-based Health Care System

Ontology helps modeling a world phenomenon by first identifying relevant concepts and
defining explicitly concepts and related constraints [10]. Ontologies have been experimented
in several context-awareness research domains, including e-health. The definition and user of
ontology in the medical domain is an active research field, as it has been recognized that
ontology-based systems can be used to improve the management of complex health systems
[11]. One relevant example is the GALEN ontology which provides reusable terminology
resources for clinical systems [12]. Other works have adopted ontologies for managing
organizational knowledge and cooperative work among care networks [13, 14]. Also,
Bouamarne et al. develop a decision support ontology based on OWL-DL. The ontology is
combined within a preoperative risk assessment software system with a DL reasoner in order
to provide a number of clinical decision support functionalities, including risk assessment,
recommended tests and recommended clinical precaution protocols.

In the domain of context computing, ontologies have been recognized as a key technology
for context modeling [15, 16]. Several works have experimented the use of ontologies in
context-aware systems. Fook et al. propose a context model which enables the development
of sophisticated systems that facilitates caregiving and clinical assessment of dementia
patients [17]. Zhang D et. al., present an overall architecture for such a context-aware
healthcare system. They considered device self-sensing mechanism, context processing
framework and a service operability platform and identified and elaborated [18].

As described above, there are so many researches about ontology-based health care
systems. However, despite of increasing interests in smart home-based health care system,
there are few researches about the context model for smart home-based health care system.
And most existing healthcare systems can not consider social relationships between users and
medical experts or other peoples. In this paper, we define context models which are needed
for situation and socially-aware health care service in smart home environment.

3. The Platform for Smart Home Health Care Systems

3.1. Architecture

For providing the personalized healthy life assistant service in smart home environment, it
is needed to support various types of pervasive and mobile computing mechanisms which are
based on context data. These computing mechanisms provide some methods of adapting to
changes in the context, and for collecting context data. So, we propose a platform that 1)
handles wide range of contexts which generally occur in the house, 2) collect various types of
sensor data and define what situations currently happen at the home space surrounding the
specific user, 3) analyzes historical context data and social data to recommend good health
assistant services, 4) supports transparent integration of a wide variety of devices to
implement interoperability, remote monitoring, and remote programmability.

The architecture of proposed platform, shown in Figure 1, consists of three layers. First,
the physical space layer contains the set of available sensors. A physical space is a smart
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home environment that provides context data from its attached entities such as sensors or
computing devices.
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Figure 1. The Platform of Smart Home-based Healthcare System

Second, the context management layer gathers data captured from sensors in the first layer.
Sensor data are continuously streamed out of smart home environment into the second layer,
“context management layer” which translate law sensor data into contexts which can explain
which situation happens around the specific user. After gathering sensor data, context
management layer filters sensor data in order to maintain usefully considered data and
classify the data into considered context such as location or weather. On top of this layer,
context definition processor is implemented for services to acquire considered context data or
subscribe to event notifications. Context definition processor interacts with the ontology
manager for referring what’s mean of the currently captured context. With reference to the
methodology for context-ontology modeling proposed in [19], we extended a general-purpose
ontology based context model with concepts characterizing basic aspects of a smart-home
based healthcare scenario. For example, in the case of health status, the captured context data
represent that heart beat is 80 and body heat is 36.5°C. With these captured contexts, context
definition processor inquires about which situations happen to the ontology manager. The
ontology manager answers to the question of context definition processor with the fact that
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the human’s health status is normal. The ontology manager refers to the knowledge base
which is developed with the OWL-based model which describes context-based rules.

Third, the service management layer includes a context-aware reasoning module and an
application interface. Context-aware reasoning module is based on the OWL-based model
which describes context-based rules that can be used for constructing prioritized service lists.
Also, this module provides a way for describing context-triggered actions, e.g., notifications
or controlling home appliances. Therefore, different services are triggered through the
application interface with the situation aware-based reasoning results.

3.2. Ontology-based Models

In the general context model, described in [20], the context of an entity is characterized by
one or more context items. We defined three general categories for context items: Biomedical
sensor data, Environmental sensor data and Social relationship data. Biomedical sensor data
includes heart beats or body heat. Environmental sensor data is consisted of temperature and
relative humidity at the user’s home. Social relationship data is information regarding
members of the smart home-based healthcare network and considered relevant contextual
information to be exploited for context-aware assistance service delivery.
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Figure 2. The User Domain Ontology

The specific user’s status is derived from context data by applying reasoning rules on
measurements of sensor data. In our ontology-based context model include person entities
modeling care network members (i.e., user or patient, healthcare experts, family, and
emergency technician) and location entities representing symbolic spaces (i.e., living room,
kitchen, and bed room). In order to characterize a specific situation, the context model is
made of four sub-ontologies: 1) the user domain ontology including entities and relationships
for representing monitored physical sensor data for estimating user’s health status, 2) the
home domain ontology representing monitored environmental parameters, 3) the function
management ontology specifying policies for triggering appropriate context-aware services,
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and 4) the social context ontology representing persons involved with different roles in the
user’s care network.

The user domain ontology includes context data that can be used to define user’s health
conditions, activity, and position, and to infer possible state notification or abnormal
situations. Figure 2 illustrates a diagram of user domain ontology. A specialization of the
BiomedicalSensorData is for each considered sensor data (e.g., BodyHeat and HeartRate).
Measurement values (hadMeasurementValue) are used to determine user’s health status by
comparing captured sensor data with a set of predefined reference threshold ranges
(ThresholdRange). Each range is specified in terms of upper and lower thresholds. The
thresholds are used in a rule-based reasoning when a measured value falls out of the
thresholds. We have specified three basic health state alarm levels (very abnormal, abnormal,
norm), but the model can be easily extended to include further levels and annotations. The
user’s HealthStatus is characterized by a hasAbnormalAlarmLevel.
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Figure 3. The Smart Home Domain Ontology

In the smart home environment, such as temperature or relative humidity are monitored in
order to maintain a healthy environment and detect possible emergency situation (e.g., by
means of gas and fire detectors). These situations are modeled by means of the smart home
domain ontology, as show in Figure 3. When the system has automatically discerned that a
critical situation has occurred, due to abnormal health status or potentially dangerous
environmental conditions, proper functions should be done. For example, when the abnormal
state representing the too high temperature and the too low humidity is detected, the
emergency call service is automatically triggered and the service notifies the emergency
status to the nearby fire station. For these situation-based triggering services, we model
function policies. More specifically, a function policy specifies when should be triggered.
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In the function management ontology shown in Figure 4, a function policy is modeled as
various type of polices (e.g., NotificationPolicy and ControlPolicy). Each policy also
specifies related objects {NotificationPolicy — Person who is notified when the specific
situation is happen, ControlPolicy - device, household}.
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hasDscription
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isMa nagedl\cc ordingTo
NotificationPolicy ControlPolicy

ContactObject J’
hasObjectlD
hasRoIJe Device Household
r hasDevicelD

hasState: String{on, off} hasHouseholdID

hasType: String{Right, TV,
Heating, Cocling}

hasType: String{Door,
Window, Curtain}

| ContactFamily | ContactExpert |

Figure 4. The Function Management Ontology

Members belong to the healthcare network are modeled in the social context ontology
shown in Figure 5.

Entity

Person

offerServiceTo

User Family Expert

hasID hasID
hasRole hasRole

hasFamily T I f |

Nurse EmergencyTechnician

Figure 5. Social Context Ontology

Network members are linked through relationships. In Figure 5, we show only a few
relationships, which directly involve the user; a user may have family as a protector
(hasFamily), some healthcare expert (offerServiceTo).

3.3. Reasoning over Ontology Models for Socially and Situation Awareness

Reasoning over defined context model is triggered for every context data update in order to
infer further information on the care network situation (i.e., the user health status, the proper
function to be triggered, and the availability of care network members). We define a set of
first-order rules as shown in Figure 6(a) in order to determine if a function has to be triggered,
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according to measurement values and thresholds represented in the patient and home domain
ontologies.

(?biomedicalSD_1 rdf: tvpe SvstBloodPresure) (?biomedicalSD_1 hasMeasurementValue?sb) s_val(?sb, 200)
(?biomedicalSD_2 rdf:type DiasBloodPresure) (?biomedicalSD_2 hasMeasurementValue?db) s_val(?db, 110)
(?biomedicalSD_3 rdf:type HeartRateFreq) (?biomedicalSD_3 hasMeasurementValue?hr) s_val(?hr, 935)

» (PhealthStatus hasAbnormalAlarmLevel ‘Abnormal’ )

(a) Situation definition

(?function_l rdf:type Notification) (?function_l hasFunctionID ‘12564" ) (?function_l HasSituation ‘Abnormal’ )
> (?ContactPerson_1 rdf:type Expert) (?person_l hasID ‘33124" )

(b) Function definition
Figure 6. The Rule Definition

For instance, a rule activating a function which notifies an abnormal situation is described
as “IF the systolic blood pressure is higher than 200 mm/Hg, diastolic blood pressure is
higher than 110 mm/Hg and heart rate frequency is higher than 95 beats/min, THEN the
user’s health status has an abnormal state level.” When the abnormal situation is been
detected, the notification function is activated. We defined this function as shown in Figure
6(b).

4. Prototype Implementation

This section presents a prototype of smart home-based healthcare system using ontology-
based context models. We developed a web-based context generator, smart home server and a
mobile client application. Figure 7 shows the overall prototype architecture. The context
generator manually generates various contexts which may occur in the home environment.
Generated contexts are sent to the reasoning engine which is implemented in the smart home
server. Then, through reasoning rules described in the Section 3.3, the reasoning engine
triggers a proper function listed in the function module. The function module retrievals
function values to the mobile client.

Situation Generator

Figure 7. The Prototype Architecture
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Table 1. Implementation Environment

Prototype
Component

Implementing Tools

Smart home server

- Windows 7 Ultimate, Apache 2.4, JDK 6
- Protégé-OWL, OWL API for OWL 2.0
- Intel® Core™ Quad CPU at 2.4 GHz, and 4 GB
RAM

Mobile client

- Windows 7 Ultimate, Apache 2.4, JDK 6
- Android SDK 3.0, Samsung Galaxy Play

Situation generator

- Windows 7, Ultimate, Apache 2.4, JSP

Table 1 describes the implementation environment with which the overall prototype
systems are developed. Each prototype component communicates with each other through the

internet.

With the implemented context generator, we consider various contexts such as heart rates,
body heats, the blood pressure, the temperature of home spaces, home’s relative humidity,
and user’s current location in the house. Based on manually generated contexts, the reasoning
engine in the server triggers a proper function. Triggered function controls mobile clients or
notified the alarm to proper person such as a family or an emergency technician. Figure 9
shows the user’s currently monitored status and mobile client which display the alarm
notified from a triggered function. The web-based context generator is for fully building
smart home environment. The context generator generates various types of contexts. Figure 8
represents the implemented context generator.

Context generator for Smart home environment
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Smart home monitoring
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Figure 9. The Monitored Status (a) and the Emergency Notification (b)

5. Conclusion

To date, people can spend more time in their homes where various types of technologies
ideally provides a safe, comfortable environment in which to relax, communicate, learn and
be entertains. Increasingly, it is where people connect with friends and family, conduct
business, manage resources, learn about the world, and maintain health. Unfortunately, homes
today are ill-suited to exploiting the pervasive computing applications. In other words, there
are few personalized smart home healthcare services which fully consider a specific user’s
situation and user’s social relationships for providing appropriate services with each user’s
current context.

In this paper, we define the platform for the smart home health care system. Besides, we
also define various types of healthcare service ontologies which are carefully considered in
smart home environment. For verifying the usefulness of proposed smart home system, we
developed smart home system prototype including the context generator and the mobile client.
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