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Abstract
The convergence of information technology systemé$ealth care
system building is causing us to look at more ¢iffecintegration of
technologies. Facing increased competition, tighgpaces, staff
retention and reduced reimbursement, today’s foawdit hospitals are
looking at strategic ways to use technology to rganheir systems
called smart hospital. The concept of the smarpitalsis a useful
system for any hospital; about adding intelligetezehe traditional
hospital system by covering all resources and iogatwith patient
information. Patient’s information is an importasdmponent of the
patient privacy in any health care system thatased on the overall
quality of each patient in the health care systéfhe main
commitment for any health care system is to imprthes quality of
the patient and privacy of patient’s informatioroday, there is a
need of such computer environment where treatnepatients can
be given on the basis of his/her previous medigstbty at the time
of emergency at any time, on any place and anywlraeasive and
ubiquitous environment and UML (unified modelingidmage) can
bring the boon in this field. For this it's needtxd develop the
ubiquitous health care computing environment ushrgg UML with
traditional hospital environment. This paper is dmhson the
ubiquitous and pervasive computing environment édd@aseUML and
XML(The Extensible Markup Language) technologywihich these
problems has been tried to improve traditional ftakpystem into
smart hospital in the near future. The key solutainthe smart
hospital is online identification of all patientgctors, nurses, staff,
medical equipments, medications, blood bags, salrgiools,
blankets, sheets, hospital rooms, etc. In this pefferts is channeled
into improving the knowledge-base ontological diggimm for smart
hospital system by using UML and XML technology,r@&aowledge
is represented in XML format from UML modeling(ctadiagram).
Our smart hospital provides access to its systenudiyg a smart
card. Finally, the former try to improve health eatelivery through
development and management of acute care hosjgitagreed; both
physically and operationally, for more efficiencyda increased
patients safety.
Keywords: UML; Smart Hospital (SH); Ontology; XML; health
care system.

1. Introduction

With more than 90 percent of hospital administmitorvolved
in constructing a new building or renovating arsérg facility
to meet the ever-increasing demands for space. yJo
traditional hospital executives have to look closetheir work
flow processes earlier in the program, in ordecdpitalize on
the latest program technology to optimize clinidi@ancial and
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administrative processes. And it involves more thdmwanced
healthcare information systems. It also includesistance
technology such as medical smart card, advancesk reall,

and advanced patient tracking.

There are many organizational units or departmémtshe

traditional hospital, from which, it is necessaoy them that
there should be good coordination in each otheenEthe

available health care ontology automation softwale® does
not provide such coordination among them. Thesevaoé's

are limited up to the hospital works but do notvide the

interconnectivity with other hospitals and bloodnks etc.

Thus, these traditional hospitals cannot shareriimdition in-

spite of the good facilities and services.

Many changes and developments in health care emagnt in

the last decades are due to new technologies suploréable
devices (Laptop, Mobile) and wireless computing. t&& one
hand, where the main aim of traditional hospitaloigorovide

better services and facilities to the patient,Has/proper care
brings success to the hospital's name. Along witlis, t
traditional hospitals also adds many new faciliaes services
with existing facilities and services in one plafoe their

patient. Having all facilities and services in tk@me place,
hospital's ability to provide sufficient care tcetipatient at any
place and time.

The major problems with the health care environseare

related to the information storage and retrievathef patient’s
data and other entities of the health care systéhese
problems are further categorized below [1]:-

- One problem is when there is information gap agntre
medical professionals, users/patients and variates sburce.

- Another problem is that in there is a need tosené and
organize the information flow among the hospitahmers and
other entities so that information can be accesseghy time
and any place.

- Other problems are related to the various tygesdata used
and no common format for holding it in a common way

2.CONCEPT AND DESIGN ONTOLOGY

daThe concept of smart hospital has been designed the

ground up to achieve the following goals:
«  Safety and clinical quality
¢ Productivity
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» Ease of use for patients, doctors, families andgtaers Figure la, show an use-case diagram of a simplertsma
*  Service excellence hospital.
«  Optimal use of technologies- medical, informatiod a

consumer It is a type of hospital that is able to share twmain’s

There has been much development in the conceptitofo@y  knowledge with same or other domain [16] and fulfile
process since the last decade and many good thigkere its  requirement of the ubiquitous and pervasive comgu{i]

meaning and its various definitions [1, 6] It iset of pr|m|t|Ve environment. The smart hospital offers a number of
concepts that can be use for representing a whuteaith or  agvantages:

part of it that defines a set of objects, relatibesveen them

and subsets of those in the respective domais.dtsb a man- « It provides a beneficial strategy for the better
made framework that supports the modeling procdss o education and training simulation among the health
domain in such a way that collection of terms ahdirt care professionals.

semantic interpretation is provm!ed. Our knowle@@&mgn_ln « It ensures the higher levels of competence, conéiele
our paper [2] is represented in XML format. In faoial and critical thinking skills.

intelligence [13] The term-Ontology is an explisfiecification

* It helps to manage the complex and changing health
of a conceptualization, where ontology is defined a P g P ging

care system.

: av;)calt)ularyf;t:]he fett of tertm_s ut.;ed fordrr}odehng. * It also supports the faculty for developing and
a structure ot the statements in the mode. evaluating new educational models, modalities, and
. the semantic interpretation of these terms.

teaching-learning strategies at no risk to patients
» It also helps to integrate the better combinatibiCa
technologies, product and services.

Ontologies have become ubiquitous [7, 9] in infdioma
systems. They constitute the Semantic Web’s [4kibawes,
facilitate e-commerce, and serve such diverse egifon fields

as bioinformatics and medicine. Many times the rirgpof the %
word ‘Ontology’ is taken as a branch of philosogfy that is
the science, of the kinds and structures of ohjgutperties,
events, processes and relations in every area alftyre
Sometimes, it is used as a synonym of ‘metaphysicel
having broader sense which refers to the study hatwnight
exist and which of the various alternative posstitlogies is
in fact true of reality. In simple term, Ontologgrcbe defined
as a collection of Classes, Sub-classes that makes
relationship among them and represent the ontolbegign

with knowledge base. Our knowledge base of ontolbegign %
is represented in XML format. Fatn

Smart Card

X

Adminisratar

3. SMART HOSPITAL

Patient Treatment

The smart hospital accomplishes these goals byndaki %
integrated and current information and communicatio dmission ights
technologies and combining them with:

» Careful design of the facility to be accessible and Figure 1a: Use-case diagram
efficient,
» Initial engineering and continual redesign of dati
and business processes to operate reliably anly.safe 4, ONTOLOGY DESIGN FOR SMART HOSPITAL (SH)
» Constant emphasis on patient and family service and
satisfaction, and
» Fervent attention to providing a superior workplace
for physicians and staff.
The end result is that smart hospital patients famdilies
experience coordinated, safe, and high quality darean
information-rich, service-minded and easily acdassi
environment. Physicians affiliated with the smadspital
experience an efficient and clinically focused ligcin which
to practice state-of-the art evidence-based meslidizv].
Caregivers and technicians at the smart hospitabtdetime
and energy to doing what they do best caring fdiepts.

The ontology of health care system is a major campb
where end user interacts with it and the informmatio
encompasses a conceptual component i.e. informdtiah
plays a role in hospital care outcomes, includingre and
difficulties. To deal with the events, Deploymerft3H in a
particular hospital setting will involve developinghe
middleware to relate the ontological knowledge bHsel0]
with existing information systems and by creatingtances of
ontological categories that is based on the inftionain the
smart hospital databases [16]. Our knowledge ba}eis]
represented in XML format from UML modeling. Knadge
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representation has been defined as "A set otasiic and
semantic conventions that makes it possible dascribe
things. The syntax of a representation speifia set of
rules for combining symbols to form exgsiens in the
representation language as shown in figure 1b. SBmeantics
of a representation specify how expressions so teated

should be interpreted (i.e. how meaning can beveérirom a
form). In the proposed system, the knowledge remtasion

methodology uses XML format. Where, two eletaenf

knowledge, facts and model rules are reptederusing

XML format as shown in figure 2. The overall kredge
structure is:
Facts
| Child - Element | | Child- Element |
Know
ledge

Fiaurelb: Overall knowledae structure
?XML version="1.0" encoding="utf-8"?>

<Project DefaultTargets="Build" XML ns="http://saimas.microsoft.com/developer/msbuild/2003"
ToolsVersion="3.5">

<PropertyGroup>
<ProductVersion>9.0.21022</ProductVersion>
<SchemaVersion>2.0</SchemaVersion>
<RootNamespace>Untitled</RootNamespace>
<AssemblyName>Untitled</AssemblyName>
<ProjectGuid>{}</ProjectGuid>
<OutputType>Library</OutputType>

</PropertyGroup>

<PropertyGroup Condition=""$(Configuration)|$rm)' ==
<DebugSymbols>true</DebugSymbols>
<DebugType>full</DebugType>
<Optimize>false</Optimize>
<OutputPath>bin\Debug\</OutputPath>
<DefineConstants>DEBUG; TRACE</DefineConstants>
<ErrorReport>prompt</ErrorReport>
<WarningLevel>4</WarningLevel>

</PropertyGroup>

<PropertyGroup Condition=""$(Configuration)|$frm)' ==
<DebugType>pdbonly</DebugType>
<Optimize>true</Optimize>
<OutputPath>bin\Release\</OutputPath>
<DefineConstants>TRACE</DefineConstants>
<ErrorReport>prompt</ErrorReport>
<WarningLevel>4</WarningLevel>

‘Debug|AnyCPU' ">

'‘Release|AnyCPU' ">

22

</PropertyGroup>

<IltemGroup>
<Reference Include="System" />
<Reference Include="System.Data" />
<Reference Include="System.XML " />

</ltemGroup>

<ltemGroup>
<Compile Include="PatientSmartCard.cs" />
<Compile Include="Patient.cs" />

Figure 2: XML Sample of developed facts in our knowledge

5. Smart Hospital Schema

The Smart Hospitals schema uses wireless technotogy
facilitate communication internally and externallithese

schemes can allow a legal user to login to remetees and

access its facilities. Its consumer technology owps the flow

of information to customers using text messagingeps

PDAs, tablet PCs, and customer internet accestréiec

medical records, bar coding and integrated vitghsiare

among the additional technologies that result inchsu
operational efficiencies as:

* Reduced documentation time for nurses, allowing
them to spend more time giving patient care.
» Immediate access to diagnostic test results:

» Access to patient medical information by physicians
from office, home or elsewhere.

* Improved patient safety through automated checking
of medication administration.

*  Space savings resulting from digital storage dfri$’
and other medical records.

e Daily access and feedback to management and
physicians of clinical information, financial retl
and patient satisfaction.

|
Figure 3a: Smart Hospital Schema 1
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Figure 3b: Smart Hospital Schema 2
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Figure 3c: Smart Hospital Schema 3

In the above figure 3a,3b and 3c show the comporantSmart
hospital schemas, which are events, actions, pergoliies,

alerts etc. For example, in the SH different typelgjkcts is taken
such as-agents, policies, record, drugs, placeguigpment etc

Web
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Figure 4: Middleware Architecture of a patient data
collection system for SH

Storage
Informati

Figure 4, illustrates A middleware architecture opatient data
collection system for SH ontology. So, this ontgldg able to
describe which action and event is performed in wima¢ and
what place. This is also useful to alert the diffiéetgpe of domain
time to time with different type of alters such assical
condition alert, medical conflict alert, regulaticaction and
regulatory conflict alert. The major benefits ofta@ogy in health
care environment are To find out the common undedihg of
the structure of information among hospital ergit@ software
agents and share it.

« Domain assumptions can be made explicit.

* To separate domain knowledge from the operational

knowledge.
e To analyze domain knowledge

Often ontology of the domain is not a goal in itself
Developing ontology is defining a set of data aneirtistructure
for other programs to use. Problem-solving methattsnain-
independent applications, and software agents usdogies and
knowledge bases [1] built from ontologies as data. éxample,
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we develop ontology of patient, doctor and nurse apropriate
combinations of patient with doctor and nurse.

6. METHODLOGY AND APPROACH

A simple approach used to develop the ontology/kndgdebase
is the iterative technique that is used to idgritie various super
classes and sub classes and its properties whicsél on the
simple knowledge/ontology engineering [16] methodgl This

methodology is described as shown in figure 5:

PatientSmartCard Patient MedicalRecord

AuthentcationlQ_|

Password UserNamelD

TreatmentEntity

Figure 5: Class Diagram of a Patient Record in SH

(A) Knowledge Base MethodologyNo specified

design process, but at any given time they helji time scope of
the model. Figure 5, show the class diagram of ieftaRecord
in smart hospital and the XML format from this figtas shown:

Project DefaultTargets="Build" XML
ns="http://schemas.microsoft.com/developer/msh2ad3">
<PropertyGroup> <ProductVersion>8.0.50727</Pctdersion>
<SchemaVersion>2.0</SchemaVersion>
<RootNamespace>Untitled</RootNamespace>
<AssemblyName>Untitled</AssemblyName>
<ProjectGuid>{}</ProjectGuid> <OutputType>Libsar/OutputType>
</PropertyGroup> <PropertyGroup Condition="
'$(Configuration)|$(Platform)' == 'Debug|AnyCPU' ">
<DebugSymbols>true</DebugSymbols> <DebugTypésiDEbugType>
<Optimize>false</Optimize>  <OutputPath>bin\DguOutputPath>
<DefineConstants>DEBUG; TRACE</DefineConstants>
<ErrorReport>prompt</ErrorReport> <WarningLevet#WarningLevel>
</PropertyGroup> <PropertyGroup Condition="
'$(Configuration)|$(Platform)' == 'Release|AnyCPY)'
<DebugType>pdbonly</DebugType> <Optimize>trugstidize>
<OutputPath>bin\Release\</OutputPath>
<DefineConstants>TRACE</DefineConstants>
<ErrorReport>prompt</ErrorReport> <WarningLev&t#WarningLevel>
</PropertyGroup> <ltemGroup> <Reference InckiGgstem" />
<Reference Include="System.Data" /> <Referenctutde="System.XML "
/> </ltemGroup> <ItemGroup> <Compile Includ@atientSmartCard.cs">
<Compile Include="Patient.cs" /> <Compile Inbb+="MedicalRecord.cs"
/> <Compile Include="Password.cs" /> <Compile
Include="UserNamelD.cs" /> <Compile Include="ammentEntity.cs" />
</ltemGroup> <Import
Project="$(MSBuildBinPath)\Microsoft.CSharp.tardets </Project>

(i) Consider reusing existing ontology The second step to
consider is about the existing ontology. The béméfconsidering
the existing ontology is aout what someone else dwee and
checking if we can refine and extend existing samrf@ our
particular domain and task. Reusing existing ogplmay be a

methods or approaches are still developed for theequirement if our system needs to interact witleotpplications
development of ontology. Our methodology depends onhat have already committed to particular ontologycontrolled

an iterative technigue to ontology development.tAd
steps in this technique are revised and refinethén
process of iterative technique to evolve the omplo
The process in iterative design is likely to betoored
through the entire development

ontology are:

(i) Finding the domain and scope of the ontologyThe first

step of the development of ontology is to determamal

define its domain and scope. During the determinasiod

definition of it, we must have to consider the follng four

guestions so that we can be able to easily deteritnine

» What is the domain that the ontology will cover?

* What are we going to use the ontology?

* What types of questions should the informationha t
ontology provide answers?

*  Who will use and development the ontology?

The answers to these questions may change durirantbgy-

24

lifecycle of the
ontology. Based on the various literature survéw t
proposed steps for the processing of developin

vocabularies.

(i) Enumerate important terms in the ontology-preparing
vocabulary: The third step is to write down a list of all termatth
are used in the system. We need to enumeratedkegies that

9he concepts may have, or whether the conceptslasses or

slots.

(iv) Define the classes and the class hierarchyhe forth step is
to define the classes and it is hierarchies. Ttame several
possible approaches to develop a class hierarchgseTl are: A
top-down development process starts with the deimibf the
most general concepts in the domain and subsequent
specialization of the concepts. A middleware develepm
process starts with the definition of the most dpeciasses, the
leaves of the hierarchy, with subsequent groupinipe$e classes
into more general concepts. A mix development prdssa
combination of the top-down and bottom-up approachkere, it
is defined as the more salient concepts first dueth tgeneralize
and specialize them appropriately.
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(v) Define the properties of classesThe fifth step is to define
the properties of the class. Once we have definedesof the
classes, we must describe the internal structureoéepts. For
each property in the list, we must determine whichsgl it
describes. In general, there are several typedjecoproperties
that can become in development of ontology [119- 23

(B) Define the facets of the rulesThe sixth step is to define the
new facets of the rules in our knowledge base. Thasis can
have different from about facets which describehimvalue type,
allowed values, the number of the values and otmufes of the
values. The last step is to create the individostances of classes
in the hierarchy. Defining an individual instance af class
requires: Choose a class, Create an individuahtingt of that
class, and Filling in the Fact values. The followifigures
[6.a],[6.b] shows the use of class diagram for patieeatment
and Asset Assignment.

PatientSmartCard

WadicalTaam

Password

Employes

T

SmartHospital

ssgetTa |1

Figure 6(a): Class diagramgdatient Treatment.

MedicalTeam

Employee

1

SmartHospital

Figure 6(b): Class diagram fd\sset Assignment
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This UML class diagram provides the graphical repmégtion of
visualization, specifying, constructing and docutimen the
artifacts[19, 22]. The sample of the developed sfaitt our
knowledge is shown in figure 7.

<DiagTestVal> <ConceptVal Name="Total Bilirubin /><ValueVal
Val="Normal / Increased /> <ValueVal Val="Increasée </ConceptVal>
<ConceptVal Name="Conjugated Bilirubin /> <Value\\l="Increased />
<ValueVal Val="Normal /> </ConceptVal> <ConceptVal
Name="Unconjugated Bilirubin /> <ValueVal Val="lreased /> <ValueVal
Val="Normal / Increased /> <ValueVal Val="Normal /%/ConceptVal>
</DiagTestVal> >DiagConcept< >ResultConcept NamestiBpatic"
NoTrueFinding="1<" >TestConcept Cpt="Total Biliruli Val="Normal /
Increased</" >TestConcept Cpt="Conjugated BiliribMal="Increased</"
>TestConcept Cpt="Unconjugated Bilirubin" Val="leased</"
>TestConcept  Cpt="Urobilinogen" Val="Increased</" TestConcept
Cpt="Urine Color" Val="Normal (urobilinogen</"( >BtConcept Cpt="Stool
Color" Val="Normal</" >TestConcept Cpt="Alkaline B$phatase Levels"
Val="Normal</" >TestConcept Cpt="Alkaline Transfeea and Aspartate
Transferase Levels" Val="Normal</* >TestConcept =£@bnjugated
Bilirubin in Urine" Val="Not Present</" />ResultCoapt< >ResultConcept
Name="Hepatic" NoTrueFinding="4< >TestConcept Cpwbtal Bilirubin"
Val="Increased</" >TestConcept Cpt="Conjugated rBiin"
Val="Normal</" >TestConcept Cpt="Unconjugated Rilxin" Val="Normal /
Increased</" >TestConcept Cpt="Urobilinogen" Valotial / Increased</"
>TestConcept Cpt="Urine Color* Val="Dark (urobiligen+conjugated
bilirubin</"( >TestConcept Cpt="Stool Color" Val="tdmal</" >TestConcept
Cpt="Alkaline Phosphatase Levels" Val="Increased<¥TestConcept
Cpt="Alkaline  Transferase and Aspartate  Transferaseevels"
Val="Increased</" >TestConcept Cpt="Conjugated rBbin in Urine"
Val="Present</" />ResultConcept<

Figure 7: Sample of developed Rules in our knowledge

In our domain knowledge [1] the facts is represg@® shown in
figure 7 where the concept "Total Bilirubin" is aeomf the
diagnostic test for "Jaundice" and the conceptgussible values
are " Normal / Increased " and " Increased ". Tluperty of each
concept here is default as "Value". The knowledge ban
formulated as shown in the following simple statetsetr the
‘traffic light’ is green THEN the action is go, asrfexample: IF
the ‘traffic light’ is red THEN the action is stoph@&se statements
represented in the IF-THEN form are called produrctioles or
just rules. The term ‘rule’ in artificial intelligee, which is the
most commonly type of knowledge representation,bEadefined
as IF-THEN structure that relates given informatiofiagts in the
IF part to some action in the THEN part. A rule pregdsome
description of how to solve a problem. Rules aratretly easy to
create and understand. Any rule consists of two pémsIF part,
called the antecedent (premise or condition) ardTHEN part
called the consequent (conclusion or action). Tésidosyntax of
a rule is: IF <antecedent> THEN <consequent> . THesrin
XML format have a different structure with the pi@y$ meaning
but in different format. Sample of rule built inetiproposed HCS
system is shown below; it can be interpreted asvatig:
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<DiagConcept>; represents the root in the domain thed
Jaundice.

The node of “ResultConcept” represents a rule cquneset and
has attribute “Name” its value takes the consequast "
Prehepatic ".

The child nodes “TestConcept” represent the detiside for
each part in Jaundice diagnosis that has two atixsbare " Cpt ",
and "Val". For example the antecedent of rule i®tal Bilirubin
= Normal / Increased ".

The attribute “NoTrueFinding” represents the numbérrule
antecedent selected.

7.IMPLEMENTATION MoDEL OF SMART HOSPITAL

It is a useful system for any hospital; especjdfignart hospital
concerning with all aspects and issues related thospital
included patients, doctors, employees, treatmedtd@partments.
By using internet, doctors can access the system fny place
around the world as shown in an assembled picturémwvbe
Figure 8, illustrates the collection steps for lepkntation of our
smart Hospital model by using medical smart cardeteelopment
the ontology system in modern hospital (smart heBpiOur
smart hospital provides access to its system bygusismart card
through three levels to maintain:

*.Write.

«.Modify.

«.Full control

Add User

Figure 8: Implementation of our smart Hospital model

8. CONCLUSION

Today’s hospitals are looking at strategic waysge technology
to manage their systems called smart hospital.cbmeept of the
smart hospital is about adding intelligence(smait) the

26

traditional hospital system by covering all res@grand locations
with patient information’s. Patient’s information & important
component of the patient privacy in any health cystem that is
based on the overall quality of each patient in tiealth care
system. The main commitment for any health caréegyss to
improve the quality of the patient and privacy adtipnt's
information. For this, it is needed to develop téquitous health
care computing environment using the XML technologigh
traditional hospital environment.

This paper is based on the UML and XML technolaggésign
and development of the ontology system, can beedothese
problems has been tried to improve traditional ftekpystem
into smart hospital. The key solution of the smiaokpital is
online identification of all patients, doctors, ses, staff, Medical
equipments, medications, blood bags, surgical toblankets,
sheets, hospital rooms, etc. In this paper, Effaresto improve
the knowledge-base ontological description for snfaspital
system by using UML and XML technology, Our knowledge
represented in XML format from UML modeling(classgtiam).
Finally, we implementing our model in smart hospbiglusing a
medical smart card to improve the performance dlthecare
system.
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