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Abstract

Ubiquitous computing refers to building a global computing environment where seamless and invisible
access to computing resources is provided to the user. Pervasive computing deals with acquiring context
knowledge from the environment and providing dynamic, proactive and context-aware services to the user.
A Ubiquitous computing environment is created by sharing knowledge and information between pervasive
computing environments. In this paper we propose a framework that uses the potential of the Semantic
Web to weave pervasive computing environments into a Ubiquitous-computing environment. We discuss
how the collaboration of these pervasive environments can create an effective Ubiquitous computing
environment referred herein as the Integrated Global Pervasive Computing Framework (IGPF). We test the
effectiveness of the Ubiquitous environment through a small scenario from a prototype system that we have

implemented over this framework to handle medical emergency scenario.
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Introduction

We believe that Ubiquitous computing is the next wave of computing after the Internet
wave. Ubiquitous computing aims to revolutionize the current paradigm of human-
computer interaction. Computers have been used in various aspects of human life, but in
most cases human beings have to adapt their behavior to each system. Ubiquitous
computing as envisioned by Weiser [22] is a computing environment computing systems
weave themselves in the fabric of everyday life and become invisible. Invisibility is the
most important aspect of Ubiquitous computing. The user is exposed to a few sets of
services available to him/her and is oblivious to the complex system implementing those
services [18]. This takes the human-computer interaction into a whole different
dimension, where the user is surrounded by a complete smart environment with
devices/sensors communicating with each other and aggregating their functionalities to

provide a set of consolidated services.

The terms Ubiquitous computing and Pervasive computing are used interchangeably [17],
but they are conceptually different [16]. Ubiquitous computing uses the advances in
Mobile computing and Pervasive computing to present a global computing environment.
Mobile computing is about elevating computing services and making them available on
mobile devices using the wireless infrastructure. The focus here is to reduce the size of
the computing devices so that they can be carried anywhere or by providing access to
computing capacity through high-speed networks. But Mobile computing has some
limitations. The computing model does not change considerably as we move since the
computing devices cannot acquire the context information and adjust accordingly.
Pervasive computing, on the other hand, is about acquiring context from the environment
and dynamically building computing models dependent on context. Pervasive computing
is invisible to human users and yet provides useful computing services. Ubiquitous
computing aims to provide Pervasive computing environments to a human user as s/he

moves from one location to another.

A Ubiquitous computing environment can be built in two ways. The traditional approach

is to achieve it by using Mobile computing and Pervasive computing together, in which



the mobile devices remember the information about past environments they operated in
and activate when we reenter into a known environment or proactively build up services
as we walk into new environments [16]. We present an alternate approach and use
Semantic Web technologies for Pervasive computing environments. This allows context
information to be stored on the Web and then shared across Pervasive computing

environments via the Web to provide context-aware services.

The paper is organized as follows. Section 2 describes our motivation for this approach.
Section 3 focuses on related work. Section 4 describes the proposed solution. Section 5
explains the Integrated Global Computing Framework, referred as IGPF and explains its
architecture. Section 6 explains a prototype implementation system over the IGPF and
through a scenario from that implementation brings out the effectiveness of the

ubiquitous computing. Section 7 concludes the paper.

Motivation

Existing methodologies for implementing a Ubiquitous computing environment use smart
devices, which have some processing power and are specialized in a set of specific tasks.
Usually the user needs to carry these devices with her/him as s/he moves either within or
across pervasive environments. These devices are not readily available and are often
difficult to build. The issues that limit fabrication of such personal devices are limitations
like battery power for achieving higher computational tasks in conjunction with shape
and weight, making practical use of such devices extremely difficult. The advantage of
using smart devices is their ability to communicate with each other by building and
storing contextual information which is used by the pervasive environment to offer
services based on the stored information. In addition, current devices are costly and thus
it is difficult to replace all current devices with smart devices to implement pervasive
computing environments. Finally, smart devices need to have functionality beyond what

they are expected to do because they are integral to the environments.

Our solution eliminates the need for smart devices by using the Semantic Web to build

dynamic context models as a user moves from one environment to another. We can



achieve dynamic building of contexts by sharing knowledge and context information
between local pervasive environments through the Semantic Web. The vision of
Semantic Web proposed by Tim Berners-Lee, James Hendler, Ora Lassila [3] is "The
Semantic Web is an extension of the current web in which information is given well-
defined meaning, better enabling computers and people to work in cooperation." The
Semantic Web can be seen as a huge repository of Web data, like database as a repository

of structured data.

However, the challenges associated with the Web data are 1) it is not easy to process by
machine since the Web is not structured like a database; 2) it is mainly useful in certain
contexts, especially when humans participate, but not in a machine processing manner
because there may exist different meanings in different contexts. Thus, the majority of
data on the Web is difficult to use on a large scale; 3) Recent advance in XML offers a
way to introduce new syntax but does not support semantics (i.e., machine accessible

meaning) for being integrated or interoperable with other applications.

The Semantic Web is generally built on Resource Description Framework (RDF) which
annotates concepts, properties and their relationships through triple representations and is
associated with standard semantics. This enables a machine to ‘understand’ the
semantics, processes the data and infers knowledge from it and allows data to be shared
and reused across application and community boundaries. In consequence, the Semantic
Web standards and tools are widely deployed and recently received growing attention

from Pervasive computing community [15].

We believe that the Semantic Web is suited for realizing the Integrated Global Pervasive
Computing Framework (IGPF) due to the following reasons: The IGPF applications use a
context model generally defined by multiple devices, dynamic services and diverse users.
Each entity in the IGPF is identified by a unique URI that is used to share context across
different IGPF applications. This ensures interoperability within the IGPF applications
without misinterpretation of the information. The Semantic Web standards and tools are

suitable to represent the expressiveness of the context-aware knowledge in the IGPF and



specifically support interoperability and reusability of the knowledge across the IGPF
applications.

Furthermore, by building a framework running on a powerful, highly available, reliable
and static machine we shift the intelligence of context building, storage and decision
making to the framework enabling far greater flexibility in implementation. In this
approach we can utilize currently available resources, letting the devices do their basic
tasks without saddling them with any pre-requisites to participate in Ubiquitous
environments. Also we believe that this approach will help us quickly implement
Ubiquitous computing since we can use currently available resources and do not need

specialized devices.

Related work

Here we present the research being done in the field of Pervasive computing. The three
major research projects considered in this section are Project CoBrA by the ebiquity
group at UMBC?, Project Oxygen® at MIT and Project Aura ® at CMU.

The CoBrA project, one of the recent approaches in this field, is an Agent-based
approach, where the pervasive computing is achieved using Agents that can model
humans, devices and other concepts. The CoBrA project [7][8][9][10] started with the
idea of providing an autonomous Agent called broker, which facilitates the interactions
between these Agents. The idea is to provide a framework for different Agents to share
contextual information and interact according to common understandings regarding these
contexts. The work in [7] describes how Pervasive computing can be achieved by using
Agent teamwork, and specifically considered the challenges associated in building Agent
teamwork. Agent teamwork allows the sharing of context information; where context can
be defined as a collection of information that characterizes the situation of a person or a
computing entity [13][12]. Central to the CoBrA architecture is the broker Agent that

! http://ebiquity.umbc.edu
2 http://oxygen.lcs.mit.edu/
3 http://www-2.cs.cmu.edu/~aura/




maintains the shared model of the context for all the computing entities in the space and
enforces the privacy policy defined by users and devices [8][9].

This approach provides a better support for knowledge sharing and context reasoning
using common ontology expressed in explicit semantics [9]. Furthermore it explores the
use of Semantic Web technologies (i.e., languages, logic inferences, and programming
tools) for supporting context-aware systems in smart spaces [10]. However, CoBrA’s
Agent-based approach necessitates major advancements in modeling and implementing
Agents. Right now the lack of good modeling techniques put this pervasive computing
model at a big disadvantage in its practical and large scale application development and

deployment.

Another significant approach in this field is the Oxygen project carried out at MIT.
Oxygen aims at providing user interaction through user technologies like speech and
vision technologies and provides individualized knowledge access and collaboration
technologies, which perform a wide variety of tasks. Oxygen is based on computational
devices, called Enviro21s (E21s), embedded in homes, offices, and cars that sense and
affect a user’s immediate environment. Additionally, it uses Handheld devices, called
Handy21s (H21s), which empower users to communicate and compute no matter where
they are; dynamic, self-configuring networks (N21s) help user machines locate each other
as well as the people, services, and resources that they want to reach. Software that
adapts to changes in the environment or in user requirements (O2S) help users do what

they want when they want to do it.

This approach depends on the availability of H21s handheld devices which are powered
by battery or power outlets. The H21s are powerful machines which combine the
functionality of a cell phone, PDA, camera, and television while performing a range of
functions and supporting many communication protocols. There is still a far way to go
before the H21s devices become widely available. This is the biggest flaw of Oxygen’s

overall approach.



Another approach is the Aura project at CMU. This approach [14][20] proposes an
architectural framework that solves two very hard problems when developing software
systems for Pervasive computing. First, it eliminates the problem of allowing a user to
preserve continuity in his/her work when moving between different environments and the
framework it employs has a key advantage over other approaches in that it allows the
system to tailor the user’s task to the resources in the environment. Second, it
successfully solves the problem of adapting the on-going computation of a particular
environment in the presence of dynamic resource variability. As resources come and go,
the computations can adapt appropriately. The key ingredients of Aura’s architectural
framework are explicit representations of user tasks as collections of services, context
observation that allows the task to be configured in a way that is appropriate to the
environment, and environment management that assists with resource monitoring and
adaptation. Each of these capabilities is encapsulated in a component of the architectural
framework (the task manager, environment manager, and context observer, respectively).
The services needed to support a user’s task are carried out by a set of components
termed service suppliers. Service suppliers typically are implemented as wrappers of
more traditional applications and services. Finally, explicit connectors that hide details of
distribution and heterogeneity of service suppliers carry out interactions between the
parts.

To achieve true Ubiquitous environment, we need to facilitate knowledge sharing
between individual Pervasive environments. Unless knowledge is explicitly represented
in a standard way and shared between these environments, seamless transition of users
between disparate environments cannot be achieved. In the Aura project there is no such
standard mechanism. The framework that we present in this paper is based on Semantic
Web technologies and sharing of knowledge between Pervasive environments that makes

it possible to achieve a truly global Ubiquitous computing.

Proposed Solution

The idea of creating global smart environments doesn’t need to expand a smart space to a
global level. This is similar to the idea of the global Internet, where numerous small



physical networks connect together to form a large homogenous network [21]. Similarly
a better approach here is to connect these smart environments together *Semantically’ so
that they conglomerate into a virtual global smart environment similar to the Internet,

creating a Ubiquitous environment.

In daily life an average human being is associated with many different environments and
has different roles in each. For example, in Figure 1, Dr. Smith is associated with
environments like hospital, bank, and pub and plays the role of doctor, client, and
customer, respectively. A Ubiquitous system should truly reflect this real life scenario.
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Figure 1. User Role Model in Ubiquitous Environment

Each of these environments may be an independent smart system since they belong to
different domains/organizations they are disparate. What’s important is that as the user
moves from one environment to another, the system transparently recognizes the user and
associates the user’s specific roles with the domain the user enters. The system passes
information required by the user (files/contact information etc) between domains,
accessing/updating the user profile as needed, etc. which allows the user to receive



appropriate services. This true sense of Ubiquitousness can be achieved only if the two

environments are semantically integrated.

Context-awareness is an integral part of Ubiquitous computing. The concept of context
has often been interwoven and used in many different fields. When the information has to
be conveyed from one environment to another we need to let the receiving environment
know the reference of our discussion. Dey and Abowd [13] defined context as a piece of
information that can be used to characterize the situation of a participant in an interaction.
Similarly, Brown et al., [5][6] defined context as location, environment and/or identity of
people and time. By sensing context information, context enabled applications can
present context information to users, or modify their behavior according to changes in the
environment. As a user moves from one environment to another the new domain should
assess the context and present services to the users based on the context factors. In our
case, the context model is comprised of the location of the user, the role s/he plays in the
domain, time of the day and the current state of the environment. Current state of the
environment means the services that are currently available and services that are not. The
philosophy behind this is that the Ubiquitous system should provide the best possible
service or composition of services which are currently on hand based on what role the
user is playing, including his/her privileges and restrictions, his/her location and the

current time of day.

The global pervasive framework splits the ‘world” into smaller domains called
Autonomous Systems (AS). Each AS represents either a smart environment or a part
within that environment. Each AS is managed by the AS head, which is a resource-rich,
powerful, highly reliable and stationary machine hosting the Integrated Global Pervasive
Framework (IGPF) described in detail in Section 5. The IGPF is a generic framework
over which domain specific components are built to provide a local pervasive
environment. An inherent functionality of the IGPF is the ability to interact with other
ASes sharing the same context information, passing user information as needed and

working together creates a Ubiquitous environment.



Figure 2. Autonomous Systems

The whole Ubiquitous computing environment is a peer-to-peer (between ASes) and
hierarchical structure as shown in Figure 2. The AS layer is formed by the AS’s heads

which control whole pervasive computing environments such as the office, home or pub.

One of the central points of our approach is that all concepts, tangible or abstract, are
represented by Unique Resource Identifiers (URI) [1], similarly to how concepts are
represented in Semantic Web [3][2]. Each AS has its own URI; the ASes recognize,
communicate, coordinate and also base their trust information about each other using the
URI. Each device within an AS also has a Unique URI. Let’s say the URI for an AS is
[igpf:/lumkc.edu/AS1], the URI of a device within this AS is [igpf://umkc.edu/AS1/D1].
This device could be of any one of the types (and subtypes) of a Device type, say a
Digital Camera. Each device Type will also have its own URI. For example a Device
Type, say a Camera, will have its own unique URI; a specific subtype of camera, say a
Digital camera, will also have its own unique URI
[igpf://device/samsung/camera/digitalcamera]. Providing unique identities to concepts
and physical entities creates the ability to represent devices and environments which are
unrestricted to a physical domain, making it possible for ASes to interact unambiguously.

The framework mentioned is based on the Semantic Web; each concept URI points to its
rich semantic description on the Semantic Web. This description includes device type

(say a camera), functionalities (it captures images) and capabilities (it can capture



pictures at a resolution of X by Y), input and output formats of a device. One of related
on-going efforts includes the Composite Capability/Preference Profiles* project (CC/PP)
sponsored by W3C. In addition each of these defining metrics is also semantically
expressed. This information can be processed by machine(s) capable of inferring what
devices to use to achieve the desired functionality. In addition the AS is also semantically
described, which helps other ASes to determine the type of AS (office, pub or hospital),

its functionalities, and privacy and trust information.

The user is the most important entity in Ubiquitous computing. In our approach each user
has a Ubiquitous User Identity and Profile. User profiles will represent user specific
information like contact information, schedules, appointments, preferences, financial and
medical information and the profiles determine the Ubiquitous User Identity. In addition,
the profile will also model user likes/dislikes or interests, so that the system can
proactively fetch or disseminate information on behalf of user. Each user profile will be
hosted on a central location and will be addressed by a Unique Resource Locator (URL)
[4] for each user. As soon as a user gets inside an AS, the associated user device (Cell
Phone, PDA etc) will provide the user URL to the AS head. The AS head can then get the
user profile and retrieve the user profile, extract the required information, construct the
appropriate context models and offer the user services based on the constructed context
model. The AS can also “learn” about user’s preferences based on his/her usage patterns

and update his/her profile accordingly.

Using Semantic Web as part of the solution introduces some open issues as listed below.
The major issue of using Semantic Web in Ubiquitous computing is privacy and trust.
Since we assume that user information can be made accessible over the Web, we need to
provide security and privacy to the user information. This needs to setup a mechanism for
protecting user information from unauthorized access. Also, it is imperative to trust that

the information given and the source of information is correct.

* http://www.w3.0rg/Mobile/CCPP/



We are using URIs to identify any entity in the environment. There is no single
authoritative body, which would assign and manage URI distribution to ensure that URIs
are unique.

There is not much ontology present on the Web today and even those, which are
available, don’t have concrete mappings between them.

However, these problems are of the Semantic Web in general and not specific to our
framework. We believe that as research progresses in the Semantic Web area, solutions

would emerge which can be incorporated in our framework.

Architecture of IGPF

Following points were considered while designing Integrated Global Pervasive
Computing framework (IGPF).

IGPF should be generic. That means we should be able to use IGPF to setup a pervasive
computing environment for any domain. For example, the IGPF can be used to setup a
pervasive computing environment for a hospital or for an office with little modification.
The framework is generically designed and can be extended by domain specific
components. The generic components are the core components of the framework and are
present in every domain. For example, one of the core components, the KBHandler is
used to query and inference on the knowledge base of the system. The domain specific
components provide knowledge and services specific to the domain. If the IGPF is used
to setup a pervasive computing environment in a hospital then the knowledge base will
consist of domain specific ontologies like the drug ontology and patient ontology;
examples of the services would be drug administration and patient care service. These
domain ontologies would help to model the knowledge about the environment and
domain while the drug administration service would handle the scheduling of nurses to
administrate drug to the patient. One can add more domain ontologies to enhance the
knowledge base and add more domain services to enhance the environmental

functionality.



IGPF should be interoperable. The IGPF needs to incorporate exiting solutions used in
the organization and interoperate with them. We achieve this by using service oriented
design for IGPF. Existing solutions within an organization can be integrated with the
IGPF by writing simple wrapper services around them. For example, a simple wrapper
can be written around an existing E-Mail server to integrate it with the IGPF. This would
provide enhanced functionality to the pervasive environment to communicate with a user

through email, in addition to other existing communication channels.

IGPF should be dynamic. Existing functionality of the pervasive environment can be
enhanced by adding new services. It should be easy to add/modify these services without
bringing down the running system. We adopt event based architecture which provides
more flexibility to incorporate these services at run time. The services are loosely
coupled; a service doesn’t need to know which service is providing a particular
functionality for a given event. Thus, addition of new services at run time has no impact

on the existing running system.

IGPF should use shared knowledge. We use the Semantic Web based approach where the
shared knowledge is stored on the Web and it can be accessed by different ASes.
Currently we have defined user profile ontology stored on the Web and shared by IGPF

environments to get information about the user.

Figure 3 depicts the architecture of IGPF, Integrated Global Pervasive Computing

framework.
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Figure 3. IGPF Architecture

Event Manager: Event Manager manages event based communication between
components of the framework. Each component in the IGPF framework communicates
with each other by throwing and listening events through the Event Manager. The Event
Manager ensures that all services registered for an event receive that event and don’t

receive any duplicate events.

KBHandler: The KBHandler maintains the local Knowledge base. The KBHandler
maintains a ‘Knowledge Model’ which reflects the current context. This context is
acquired by listening to events and converting them to knowledge facts which are added
or removed from the Knowledge base (KB). The Knowledge Model is explained in
Section 6, when we explained the working of the system within a small scenario. We
have implemented persistent KB in our framework so that we can recover the KB in case

of system failure.

Resource Manager: The Resource Manager manages the resources available in the

environment. It maintains the status of each resource and also takes care of scheduling



resources for different activities. In IGPF, a resource is anything that can be scheduled
including the human actors and/or equipments. Each resource has a semantically
annotated schedule, which describes when a particular resource is available. When there
IS a request for a certain resource, the system will look for its availability and then
schedule that resource. An important feature is that requests can be made for roles rather
than for persons. For example, requests could be for a ‘Cardiologist’ or a “Sales Officer’.
Since the systems’ Knowledge base specifies the role of each person and its current
schedule, the system finds the match, schedules the requested event and marks its
schedule with this new booking. The user is then notified about the new task assigned to

him/her through the user interface.

Profile Manager: The Profile Manager is responsible for fetching user profile
information from the Web. We assume that the user profiles have a single access point
where one can request for user profiles or certain portion of the user profile. The IGPF
communicates this server to get the user profile or extract specific information about the

user from his/her profile.

User Interface (Ul) Manager: The framework is designed to provide a dynamic user
interface, that is, the interface can be changed depending on the user role and the
requirement of the service as well as the device used to communicate with the user. For
example, the system generates different Ul screens corresponding to desktop or PDA, or
sends SMS over a cell phone, depending on what device the user is currently using. Thus,
the framework provides pervasiveness in the sense that it uses an appropriate device to

communicate with the user depending on the context.

Domain Services: The Domain Services provide functionalities specific to a given
domain. These services use the framework to communicate with each other, and the

external environment and also to access knowledge base of the system.

Unified Information Base: The Unified Information Base (UIB) integrates information

from disparate data sources present in the environment and presents it at a more



conceptual level by linking it to a local domain ontology. For example, a database field
‘BP’ in a hospital setting can be linked to the concept “BloodPressure” of a standard
medical ontology like the UMLSS. This creates an abstraction of a single homogenous
data source for other services, which need to refer to the data in terms of domain
concepts. The UIB thus allows linkage to a real data element and fetch or update of the

same. The idea of a unified information base is an extension to our previous work [11].

Prototype Implementation

We have implemented the IGPF on J2SE® running on the RedHat’ 9.0 Linux platform.
The event based, service oriented architecture is implemented using Jini® and Javaspaces®
Technology. The Profile Server is hosted as a Web Services'® on a TOMCAT™
application server running on a RedHat 9.0 Linux platform. The ontologies are encoded
in standard RDF*? and Owl*® language and designed using Protégé ontology editor'®. The
KBHandler uses HP Jena™ technology to query and inference on these ontologies. The
KB implemented in our framework is persistent so that we can recover the KB in case of

system failure.

To exemplify how IGPF would work in real world, we present a small scenario that we
implemented over the IGPF as a proof of concept. We derived this scenario from our
current implementation of the “ICareNet” system [19] on the IGPF. The ICareNet system
is an emergency handling system which aims to weave different actors within the

healthcare setup through a pervasive wireless environment, with context-aware intelligent

* http://www.nlm.nih.gov/research/umls/

® http://java.sun.com/j2se/index.jsp

" http://www.redhat.com/

¥ http://wwws.sun.com/software/jini/specs/index.html
% http://wwws.sun.com/software/jini/specs/index.html
19 http://iwww.w3.0rg/2002/ws/

' http://jakarta.apache.org/tomcat/

12 http:/iwww.w3.org/rdf

B3 http://www.w3c.org/TR/owl-features/

' http://protege.stanford.edu/

15 http://jena.sourceforge.net/



services available on mobile devices. The objective is to provide a communication model

that will facilitate rather than intrude in the functioning of the healthcare providers.

This scenario implements a “Chest Pain” Scenario derived from the AHA/ACC
guidelinel6 for chest pain triage, where a patient admitted to the hospital with an acute
emergency chest pain goes through the typical clinical workflow and interfaces with
different actors within the workflow. Since, the focus in this paper is to connect different
pervasive systems together to form a truly global ubiquitous environment; we concentrate
on the initial part of the scenario, the patient’s arrival at the hospital. As described in
previous sections, the key to providing a truly global ubiquitous environment, is to move
the profile of a person as s/he moves from one pervasive environment to another. Each of
these environments is providing services to the user based on the role that s/he plays in
that environment. Figure 4 displays the graphical representation of the personal profile of
the patient, which has many different broad level aspects like “FinancialProfile”,

“DemographicProfile”, “MedicalProfile” etc.

Figure 4. Snippet of Personal Profile Schema

16 http://www.acc.org



When a patient is brought in with an acute chest pain, it is imperative that as much
medical information about the patient is presented to the doctor for accurate diagnosis
and subsequent treatment. In emergency cases, a patient may be unconscious or unable to
communicate his/her information; in other cases an average patient may be unaware of
the nuances of his/her own medical history, also the information that s/he has may not be
medically accurate. The solution to this problem is to have his/her medical history as part
of the patient’s personal profile. Figure 5 shows a snippet of the patient’s profile as a
subset of the overall profile encoded in the RDF notation.

<rof- Description rdf about="tty- Fe< 560 profilebicachin’s User preitle of Saclun with demegraphx
adftype rlf resource="ttp JbSB0Auserprafile"f= information and medical history
41 hasDemographic Profle rdf resource="ttp 200 Asserprofllelernographicprofilesisachin_dermographicinfa =
4.1 hashledicsl Hstory riff resource=" hitp AkSB0usemrofile tnedicalhistorgisachin_medicalhigonl=

<hif Desription=

<rif: Descrptipn rdf abowt="hittp - Fes 560 serprofledermographicprofilefsachin_ demographianfo"s
aniif-type rf resource="titp 1t SB0 userprofile Mermographicprofilet=
42 firsthbime=Sachin={.? firsthame=
4 2 fat Mame=Singh <) 2-lag Mames= Sachin’s ﬂemngral]]uc infarmation
2 2 hirth Date= 24051975 =) 2 birth Date=
5 2 hasS5M=989-99-0600=] 2:hasSSN=

<hff Descnption =

=ridf: Descrptipn ref showut="http - Fes S0 Lserproflefmedicalhigordsachin_medicalhistorys
srff-type rif resource="titp Mt S Auserprofilenedicalhistony s
a4 -dlerge=hiold Aleray=d dallergy= Sachin’s Medical History

94 -dlergyr=Dug Mlergy={ dzllengy=
<hiff -Desonption =

Figure 5. Profile Detail - RDF Notation

When a person is brought into an Autonomous System (AS), for example a Hospital AS,
the AS is able to get the person’s URI like “http://cs560/userprofile#sachin’. In 1CareNet
we have used Bluetooth based mobile devices to pass this information. When a new
Bluetooth device is discovered by a Bluetooth sensor a set of device information is
passed to the discovering sensor. In our implementation the user URI is passed along
with the device information. Once the URI is obtained the profile Web Services is

invoked and the relevant part of the user profile is downloaded to the local Knowledge



Base (KB). Being a hospital, this AS has access only to the medical history part of the
profile. The AS system by default detects the user in the “Patient” role, and once the
system is triggered for a Chest Pain scenario, it then accesses the local KB for relevant
information regarding the case. The scenario is triggered when the receptionist inputs
details about the patient and specifies that the patient is suffering from chest pain. The
rules specified by the chest pain service says that if chest pain is a new complaint of the
patient, then schedule a nurse to take initial inputs from the patient. The sample Jena
rules are given as shown in Figure 6. The details of the Jena syntax can be found at the

Jena ToolKit site'’.

{ I there is a new patient
And patient is having chest pegn
And initial readings are not laien for this patient
Then schedule a staffto take the initid recdings )

[Ruel: (Pa Htp:ksS60idomainbatientiChestpain#tage

hitp fcsSE0toma nipatient/Chestpa nistagespresenting_complairts), (7a

hitp esS60 Momanpatient/Chestpanstagapresenting complants#ttatis

hitp dicsSE0domanpatient/Chestpa nistagemresenting_complants/status##tarted), not(?a

hitp JiesS60 Momanpatent/Chestpa nistagetresenting_complantssrimany_schedue) - create Tuple?a
hittp diesSE0domanpatient/Chestpa nistagepresenting_complants#imany_schedue

hitp fesS60schedule/Fesource Reguest))

{ Ifthe patient is having chest pain
Staflis required B initial readings
Then make sure that stafiis assigned 1o faim nftial readings
And preferred stagfis any nurse )

[Rueza: (7a hitpicsSE0tom dnipatiert/Chestparéstage

hitp fesSE0tomanipaient/Chestpanistagefpresenting_complairts), (7a

kiftp esS60 Momanpatient /Chestpanistagetmesarting complantsstatis

hitp esseiomanpaient/Chestpanstagepresenting complans/status#taned), (Pa
hitp JfesS60tomanipatient/Chestpanistagetresenting_compiants#rimany_schedue 7h), (7h
hitp MesSé0omanipatient/Chestpd regomevnil 7o) -> (7c

Fitp MsSe0schedule/ResourceRegLestiReguest Param # esource

hitp iesS60chedule/Resource Reguest/Raauest Param resourcestunse), (Pc

hitp Aossedkchedule/ResourceReguest/Regues tParam #rionty

billp MesS60chedule/Resource Request/Reguest Param oy sinust), (o
hitpiesselichedule/ResourceReguest/Feguest Param #altemate_resource
hitpesSE0kschedule/Resource Reguest/iRequest Param /aternate_resourcedphysician))

Figure 6. Sample Jena Rules
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These rules add new facts in the knowledge base saying that a nurse is required to take
initial input from the patient. The KBHandler maintains an internal knowledge model
which would appear as depicted in Figure 7.

( Fafients URJ is hifp /eos56ivprofilasachin
he 15 achest pan pafievd
rescuzce Mitp At Aos S0 denmyres#B0is a
request for resource ffuirse) fo fake ivifial readings )

=pif-Description rf 2bout="ttt HezT60 brofiletzachins

=10 stage rdfresource ="hitp k560 domainipatient /Th estpa in/dag sfre s2nfing_comp laints"=
=) statu s rdf resource="hitp HeH B0 Momain d atient Ahe Spainidage bresenting_comp laintsStatusidarted "=
= type reff resource="http Mo 56 Didormain bate i hesty ain" s
=8 primary_schedule rdfre source="htlp k5560 My mrmre 280"
=rdff type rff resource="hitp: Mawaynd org 20000 Vi df-sche maResoure =
=frilf Descrption=

=rdf-Desoripion rdf = bout="http =560 Huraryre HE"
=10 primsched rff resource="hitp Mesb Dt ummyresiEl "=
=riff type nff resource="hitp:SezSb Disched ule/Resource Request =
=) T Resource Fequest Fatus rdfresource="http 56 0/sch edul efRe source Requed Ratustrocessed'ls
anff type riff resource="bttp: Mo wd o ey 2000 £ 14 eff-sche madResource '
=1 Resourcs Request Status ndfresource="htp /256005 ch edul e /e source Requed Statusiiniiated"f
=rdf :De senplion=

{ regiress for resouie of type huse )

<rf: Descriptinn rift :muﬁ:'rrrtpiﬂcsﬁﬁﬂ.fdun m ]IT'ES#E” T
=13 resource rff re source="http 2286 & ched uleResource Request Requ estPammitesourcedhurss
=1.3 prionty rdfresou rce ="hitp- ks 560/ sch edule Resource Regue 2/Reque 2 Param priontyfmust 't
<riff type riff resource="hitp:Mez5b 0isched ule/Resource Request RequestParam"f
=riff type ndf resource="vttp: M nd org 20000 1 & -sche madResource =
=idf:-Desenplion=

Figure 7. Internal Knowledge Model — Resource Request

The Chest Pain service reads information from the knowledge base and generates an
event to request a nurse for this patient. The Resource Manager captures this event and
schedules a nurse depending on the nurse’s availability and patient’s location. The
Resource Manager then updates knowledge base with related facts.



(Response af the resource request)

<rif:Description rdf:about="hitp A sS60 dummyres#0">
<11 responseto rdf resource="titp:lcs S60ummyre s#B0" >
<rdf type rdfresource="http:/ics 660J5c hedule #Res ourceRes ponse”/>
<] 11 responseparameter rafresoun e="hitp AcsS60 dummyres #01"/>
<rdf type rdfre source="hitp: e ws org200001 fdf-schema#Res ourc e
</rdf: Description

{Nurse Tina is allocated for this request)

<rcff: Description rdf: about="http A sE60 dummyres #}(1 >
<j12requestParam rdf resource="http s560 Mummyres#B1"5
<rdf type rdf re source="hitp./is S60usc hedule/Res ource Res ponse#Res ponse Param >
<j12:allocated Resource rof resoure e="http A s560Ms 04/Resourc es/Murse#urse_Tina"»
<] 12:status rof resource="http s 560k chedule/Resource Res ponse/Respons e Param fstatus#tiven'ts
<rof type rdfre source="hitp: e we org2000001 frdf-schem a#Res ourc e
</rcif: Description

Figure 8. Resource Allocation

When the nurse is assigned for the patient, the Chest Pain service generates a message for
the nurse, informing her about the new patient. It is important to know that during the
process of diagnosis, medical personnel need different medical information about the
patient, like past major surgical procedures, whether the patient is diabetic, is taking any
drugs, has allergies etc. Thus depending on different contexts, the system would extract
different information from the patient’s profile. As mentioned in the domain rules, in the
current context the nurse needs to be presented with the general allergies for the patient.
It retrieves patient’s allergy information from the knowledge base and passes it to the
nurse so it is relayed to the physician later in the visit process. The RDQL™ used to

extract information from the knowledge base are as shown in Figure 9.

18 http://jena.sourceforge.net/tutorial/RDQL/index.html



{(Extract the URI of the nurse allocated for the patievd
Thas query Fttp He s5000ws 04/Re sonr ces/Nurse#Nurse Tina, whichis cor URV of anurse)

select 7d where (<patigat URT>, <hitp./ts560idomain/Chestpainipresenting_complaintsZbrimary_schedue>,
?a),

(Pa, <hitp: Mo w3 orgH 99902022 rdf syntanens#ype>, <hittp:icsd60/schedule#Res ource Request= ), (7h,
<http: A w3 orgf 98802122 +d-syrtax-ns#wpe>, <http it s560/scheduledes curceResponse),

(", <hittp/esH604schedule/Res ource Res porsedfesponsero, 7a), (7h < hitp Acs 560/sc hedule/Resourc e Responsedte
sponsepatameter= 7c), (7c, <http:its560/schedule/ResourceRes pons e/Response Param #lloc ded Resource>, 7d)

(Extract pationt’s allergy ingbrmation
Thas query returvs Mold Aller gy and Dust Allergy)

select %c (<patiers UR>, <hifp:is 560Muserprofilethas DemographicPrafile>, 7b),(%h,
<http:# 55605 erprofile/demographicprofiledallergy, % )

Figure 9. Example of RDQL Queries

When the nurse accesses the patient’s URI, patient information such as allergies and
previous patient history is readily available. The User Interface (Ul) Manager then
generates a dynamic user interface for the nurse depending on whether she is carrying a
PDA or using a desktop computer. Figure 10 shows the Web interface of ICareNet
generated for the nurse.

[ m—
" 4

Murse Tina
Home | Get Patient Details | Drug Preseription | View Schedule | Logouat
Message List Patient Details
|
| Unsond of | Megsages Aldlergies
Fatient TTRI  hitpoffcaS60fpeafle#sackan
=] @ 361 Pationit Erformation... ackan ap3l | [ Patient Mame Sachin

Daleta Saleched

T all=rgies - Microsoft Intermet Explarer I [ S |
Message
The Patient has the fallowing allergies...
Input patient's mutial condition?
Nlold Allergy |

Dust Allergy
Input panient's Blood Presssure Eeadmg?

—
Figure 10. Interface for Nurse Showing Allergy Information from Patient Profile




Figure 11 shows the screen the patient’s doctor would access during the advanced phase
of diagnosis. Note that the patient medical information the doctor is presented is based

on its current relevance to the patient’s symptoms.

‘..‘ LCG[EL;FL-? I
W .

Dr. John Smith

i
Home | Get Patient Details | Drug Preseription | View Schedule | Logeut ﬁ‘
Message List e

Pationt Doetails
: ot THEE 2]
| Urrsndof | Messnges Modicaliistory CardincHutory. Attack Type Pectons
MedicalHuzore Cardac History LastAackDage Feh 25, 200
March 01
- ] 5 E 2
@ | @ [pimcungory. shen mo|r Me &caltlurary Hypertensiontlanory. DateFrom 2004
Delets Sakacied I MedicalHetory Duabete:Hitery DateFroem g}f_‘m'
-
a ] 3
Mlessape
i sterrd infarmation - Marosalt Internet Exgloer == Select pabent Ageate cabegoey
Fle Ed  Vew Feoted  Todk el
- " Carcdac Compatible
Froblem yeported : Chest pain " Mot Carchiae Compatitle
Reate ; Presenteg congplares
Axsigned N ee : Hure Tea Sl Querny
Tmstynl condition recorded by : Hurre Tea
Patiemt' s Initial Cendtion : haang beadacks
Bady Temprams : [04F
Elosd Pressnre Beadmg - 1200150
Dot assigned for prelanmmmay imvestignoon : Dr. Joha Smath | -l

Figure 11. Interface for Doctor Showing Patient Status from the KB

An important point worth mentioning is that the profile server doesn’t necessarily have
all the information locally, esp., medical information. It has pointers to the information
stores residing in different hospitals. Thus when an AS needs some information, it
contacts other AS over the Semantic Web to query for the related information. These AS
systems would form a peer-peer network and each AS would have its own markup
specifying its “type” and its “capabilities” using the OWL-S markup language®. Based
on these descriptions the AS would discover another peer AS that matches its
requirements and then request it for required information or service as described in the
AS. The details of this AS-to-AS discovery and communication are beyond the scope of

discussion of this paper. The local AS employs the Unified Information Base (UIB) to

9 http:/iww.w3.0rg/2004/OWL/



aggregate the disparate information and present it in a unified manner. There are issues of
privacy and trust when dealing with personal profile access which is a direction for our

future work.

We highlight the following points illustrated by this scenario:

Role based services: User plays a specific roles within an AS. Here, the person brought in
is playing the “‘Patient’ role while the person treating him/her is playing the *‘Doctor’ or
‘Nurse’ role within the same AS. The AS is providing different services based on roles

defined in the profile.

Global Profile: This is the most crucial element of the idea presented here. As a person
moves in from one AS to another and his/her role changes, different parts of his/her
profile are accessed to get the corresponding information. Thus as a user moves from one
AS to another, s/he is ‘recognized’ in a specific role, and presented with a set of services.
The key is that all the ASes share the same profile ontology over the Semantic Web and
hence the same knowledge which makes it possible to share and transfer information

based on this shared understanding.

Conclusion

The approach presented in this paper introduces a whole new way of implementing
Ubiquitous computing by semantically connecting different and diverse pervasive
environments. Connecting these environments through the Semantic Web enables
sharing of knowledge and information across pervasive environments, thus allowing
environments to dynamically create context models for a user as s/he walks from one
environment to another. The impact of the designed framework is that it creates the
generic base for achieving these basic functionalities along with offering the user a set of
abstract services. Furthermore, the environments can be ‘programmed’ to achieve
specialized applications that use the services within a pervasive environment and also
share and utilize the services offered through access to other environments. We believe

that the impact of such a framework will speed up the process of creating local pervasive



environments and build true Ubiquitous environments based on them. As a whole, our
work aims to use computing resources to create Ubiquitous environments to improve the
way we utilize services that pervasive computing environments provide and in general,

benefit our daily lives.
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