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ABSTRACT

The complex and heterogeneous storage architecture of hospitals makes it taxing to extract and collect useful
information from the data repositories. In this paper we propose the application of an ontology-based method
using the concepts of Semantic Web for obtaining interoperability between hospitals in the medical information
system domain. We aim to annotate data in Relation Description Format (RDF)/Extensible Markup Language
(XML) via common ontology, then interlink the available data from various medical institutions and
consequently apply data mining to find meaningful results. The unified data will be stored at a central server
accessible by all hospitals
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I. INTRODUCTION

Information technology has grown drastically over the last decade due to advancement in networking
technologies. Along with the advancement in size, the underlying architecture and the structural
complexity has also changed.

Health Information Systems is a coalescent system formed by the intersection of information sciences
and health care. It is a source of rich information of medical information, which is of primary
importance for the doctors, nurses or other health care experts to treat or diagnose a patient. Health
Information includes the storage and maintenance of health records and protection (by law) of patient
information.

The systems developed and implemented are proprietary and hence have a custom architecture. The
usage of Electronic Health Records is increasing rapidly leading to a huge amount of digital formats.
Comprehending the mixed data is becoming increasingly complex for the physicians, which is leading
to slower decision making. The integration of the data is a very tedious and difficult process. It would
require a considerable amount of programming effort to interlink the data due to different interfaces
and architectures. Medical data requires a unified approach because of the promising opportunities in
the field of Bio Medical research by world health organizations and agencies.

Semantic web technology provides a common framework such that it is easy to access and process
information by machines. The heterogeneous nature of the health care data makes it a very suitable
candidate for Semantic Web Application. It aims to analyze the data by comparing the similar
ontology and then interlink the data as a whole allowing easier querying by the end user in the
repository of information. There are already some efforts in this field.
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In this paper, we aim to develop a Medical Information System that will be based on semantic web
technology for sharing data between different hospitals. The proposed system can understand data
from all the hospitals because of common ontology and semantic interoperability. The data is stored
in a common repository which can be used for machine learning or data mining. The clients can then
access the results and data from the server.

This paper includes a description of the related works in section Il. It is followed by an overview and
the details regarding the proposed approach of the SMIS (Semantic Medical Information System) in
section I11. The results of the implementation of the system is mentioned in the following section. In
Section V, the conclusion and future scope of the paper is mentioned.

Il. RELATED WORK

In the past few years, scientific community, especially from medical domain, has involved
many efforts and resources in the development of eLearning technologies and materials. The
Semantic Web is considered as an extension of the World Wide Web where the data present can be
integrated and evaluated easily. Although gaps in implementations still exist and the adoption is
hampered by the lack of pre-installed base there has been significant research and development in the
field of semantic web.

Web Services like MedCIRCLE [4] and MedCERTAIN [1] are Semantic projects with the aim to
guide users to health information on the internet and to filter quality health information available on
the net. The related work focuses on developing a multi-ontology structure with peer to peer
networking. The P2P style avoids physical and semantic bottlenecks in the information exchange.
PeerDB [2], an object management system, provides detailed searching services. It is a network of
local database on peers. Data is shared without a global schema by using meta-data for each attribute.
P2P Information exchange and Retrieval (PIER) is a commonly used query engine [5][6]. It is used
for processing queries in a distributed network.

For ubiquitous computing environment [7] provides context aware framework ontology where the
rules were used to convert low level context to high level context, for the purpose of providing
personalized healthcare services to users. But for companies with less formal training the proposed
approach is too complex. Another approach mentioned in [8] proposes merging two healthcare
ontologies SNOMED CT and ICNP. Due to the proposed merging the different perspectives of the
two ontologies are maintained without losing important information. But there is no efficient
technique proposed for merging large ontologies. E — Neuroscience data addresses [9] the integration
problem by the using the oracle RDF data model. The data are extracted from brain plus and swan.
The proposed system provides the conversion of relational to RDF architecture. This paper [10]
presents an organized medical advice for patients suffering from diabetes with the help of food
ontology. This ontology is tested to share knowledge between the different stake holders in the pipes
project for diabetic control. The approach proposed in [11] states an ontology based knowledge
framework that is capable of providing personalized healthcare to users by retrieving all required
knowledge such as patient care, drug prescriptions etc. But the system does not use any semantic rule
engines in its implementation.

Apart from ontology based medical systems there are some rule based healthcare systems proposed by
researchers. The paper [12] presents rule based information extraction from medical documents. The
information hence extracted is then grouped and classified into the required complex templates. The
method proposed can also be used to select the most prominent and important diagnosis and the
patients that require special attention. But the development of the system is a time consuming
approach. In [13] the dynamic modification of the workflow is described. If an exception occurs, the
system identifies the affected workflow region dynamically corrects the affected workflow. Rules are
used to detect semantic exceptions and decide about which activities are dropped or added. The paper
[14] mentions a protocol that can handle exceptions and correct the workflow dynamically. A set of
predefined guidelines is used. It gives a rule based exception detection and correction method.
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I1l.  SEMANTIC MEDICAL INFORMATION SYSTEM (SMIS)

3.1 An Overview

It is an ontology-based medical information system that captures the data from various heterogeneous
systems and stores it at a central server. The underlying principle is the same as that of a client-server
model. Since the database architecture of every client (Hospital) is specific and incompatible with
other client databases, there is a need to unite them under a common structure. The server, in our case
SMIS Server, merges these databases and follows a common ontology to unite the different relational
databases. The data is transformed according to information contained and is stored in a unified and
understandable manner. The SMIS server is accessible by all clients and since it has a common
ontology throughout it is easy to query for information or mine for research. For example, consider
the disease yellow fever. All the clients would contain relevant information regarding the symptoms
about the disease. If a researcher or doctor needs this data he will have to study the individual
database structure for each client leading to strenuous and tedious work overhead. The same
information can be combined and stored in a central server, under a node titled yellow fever. All the
required data can then be queried by only taking into consideration the database layout of the central
server because the SMIS server holds information from all the clients (hospitals) connected to it.

Hospital A Hospital B

Y

Central Server

e

Hospital C Hospital C

Figure 1. Basic Architecture of Proposed Approach

When a new client is registered to the server, it is authenticated before it can use the services provided
by the Semantic Medical Information System. Services include request for information from the
central server and updating the data on the server. During registration, a mapping process takes place
which uses the ontology of the client to create an RDF file containing the information the client needs
to send to the server. This file is then transferred to the server where the RDF graph pertaining to each
client is created and merged into a unified RDF graph containing the entire data from all the clients.
The client Application can be in the form of a web browser or a desktop application connected to the
network containing the SMIS server. Each client is provided with a username and password through
which it can access the SMIS server and request information. This data can be used individually by
each client for diagnostic or research purposes.

3.2 Details of Proposed Approach
3.2.1. Mapping Phase:

This is the most important phase of the Medical Information System. Since every hospital will have
its own database schema, the central server needs to map each hospital’s database schema into
common ontology classes. This is done using a standardized ontology that is common to all the
clients. The primary function of medical ontology is to map data from each hospital to the classes
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defined in the ontology. This is the extracted data mapped into known classes that is understandable to
the central server and therefore incorporate it in its own RDF Model.

The mapping application that we built for hospitals would initialize itself during setup and ask for the
mapping schema of the hospital’s database. It is assumed that the database isn’t distributed and data is
available to the application from a single database server. The application can be triggered for a
change in the mapping schema if there are changes to the overall change in database schema. The
changes and new data would be then transmitted to the central server for changes in its model.

The application required database privileges of the client during setup. The application then lists down
all tables and its corresponding columns so that the administrator can map each table-column with our
defined common ontology class. After the administrator maps table-column to classes, D2RQ tool
runs in the background to create an RDF Model of the data of relational database. The RDF file is
generated in the system that is then transmitted to the central server. After transmission is complete,
the file is deleted or kept as backup. Mapping phase is vital because it is where the administrator
needs to map hospital’s data to ontology classes.

The algorithm for Conversion of RDBMS to RDF Model:

BEGIN CONVERSION
If Connected
Start Mapping Interface
For Each Class Map
If Map present
Get Database Maps with columns
Store Database Map
Else
Continue
End For
If Map present
Start D2RQ
Convert into RDF
Store RDF
Else
Start Setup
END CONVERSION

3.2.2. Connection Phase:

Mapping phase is specialized to database administrator but this is the phase where normal users
(doctors) can use the system to get data from various hospitals. After RDF Model is generated in the
client’s machine, it needs to connect to the central server. The central server must provide some kind
of authentication for each hospital for file transfers. After authentication, the hospital can send its
RDF model to the server. The Central server stores all the received RDF Model from all hospitals and
merges them to create a common RDF Model. The nodes having the same URI is merged together in
the RDF Model so that it is abstracted to have generated from common node classes.

The algorithm to establish connection with central server:

START CONNECT CENTRALSERVER
If Maps complete
If login successful
Connect to Server
Transfer RDF
Else Login Fail
Else
Start Mapping
END CONNECT CENTRALSERVER
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3.2.3. Communication Phase:

After Connection phase is successful, hospitals can query in the SMIS Server for various information
regarding diseases. Since all the data are merged into a common RDF Model, querying about disease
will give results from all hospitals. Since, many results can be same, we use duplicate content filtering
to filter duplicates from hospitals. The SMIS Server provides specific services to the clients to query
into the RDF Model. User forms are created in the application for basic querying in the RDF Model
like getting symptoms of a particular disease from all hospitals or selected hospitals.
A single RDF Model is created in the central server but if a hospital queries results from selected list
of hospitals, then the server temporarily builds a model merging the models of the hospitals and sends
in result. This facility helps hospitals get specific results from registered hospitals.
START CLIENT TO SERVER
If Connected
While !Log out
Query to Central Server
Transfer Updated RDF
End While
Else
Terminate
END CLIENT TO SERVER

Merge RDF Graphs to create Single RDF Graph

GCentral Graph

Figure 2. Dataflow for Mapping

1V. RESULTS AND DISCUSSIONS

The implementation of our SMIS was done in Java language using RMI (Remote Method Invoking),
D2RQ and JDBC. We used Stanford Protégé tool to create our standard ontology.
The prototype ontology that we used:
Disease Class
hasSymptoms : Symptom Class
hasDefinition: Definition Class
hasCure: Cure Class
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rdf:about="http://smis.org/headPain/drox
pt and
</smi:

Table:: Head Pain

¢3.0rg/1993/02/22-rdt-syntax-nseProperty”/>

¢3.0rg/2000/01frd-schema#Class"/>
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Figure 3: Simulation of the proposed model

Clients were set up in different systems and were connected to the central server in a network. The
clients could incessantly communicate with the server using sockets for file transfer. Clients couldn’t
communicate with each other directly. After clients authenticated with the central server, it could send
its RDF Model and also, query remotely to the central server. Clients could query using Java RMI,
which is instated in the client application. The services provided to the clients are all remotely
invoked in the central server. No data is stored in the client machine to reduce load.

Querying in the server RDF Model was possible using SPARQL — a querying language that can
retrieve data/resources stored in RDF. Clients could query for data from any other client or all clients.
The central server used Apache Jena to combine RDF Models of clients depending on the clients from
which data is to be received.

aNo
SPARQL Query

Disease:

| | AllData | | Symptoms | | Definition | | Cure

Tribhubhan Hospital
Najarath Hospital
Patan Hospital
Kathmandu Hospital
Kantipur Hospital |

Select Al
Search |

4
Figure 4: The visual layout of SMIS
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Final Result:
making comments about being hopeless, helpless, or worthless
loss of interest in activities or hobbies once pleasurable
insomnia
fatigue and decreased energy
insomnia
suicide attempts
talking abour suicide (killing one's self)
loss of interest in activities or hobbies once pleasurable
overeating or appetite loss
irritability, restlessness
clinical depression (deep sadness, loss of interest, trouble sleeping and eating) that gets worse
making comments about being hopeless, helpless, or worthless
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Figure 5: Result of a query

As can be shown in Figure 5 the SMIS system proposed in the paper successfully integrated the
required information from all the client hospital and returned the SPARQL query successfully. Most
of the existing semantic web approaches do not follow the ACID properties of database. Our SMIS
approach has overcome this shortcoming by incorporating the atomicity, consistency, isolation and
durability of database transactions. It also provides the reliability of a client server model. Our
approach emphasizes on the unification of the heterogeneous clients (Hospitals) in a complete and
wholesome manner keeping in mind the database system’s integrity.

V. CONCLUSION AND FUTURE WORK

Due to the availability of ready-to-use, mature domain ontologies in medicine, we have
worked on ontology-based data integration system architecture to combine the client hospitals
information and store it at a central server. Using Semantic technology we were able to create a
system which is able to store the data from various heterogeneous sources in a unified manner. The
unified RDF graph was successfully created at the server end using Apache Jena and SPARQL query
language was used to get the required results at the server.

In the near future, we will investigate the scalability and efficiency of SMIS approach in very large
data storing relational databases. Also, we plan to improve the SMIS approach by adding the support
for distributed client databases. We plan to expand the scope of the project from integrating client
hospitals to mining the unified data at the central server to help in medical research.
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