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ABSTRACT

The Medical Emergency Data Information Center is an online reposit@sgrednal
medical information. It contains complete, up-to-date individual medical histooyds
of all its members. The individual as well as any authorized physicianenegisvith the
M.E.D.I1.C Center can view these records at any time and from any locatigmdii@es
Internet access. The system aims at eliminating the monotonous and time-cortaskiing
of filling out numerous medical forms while visiting new physicians or new hospital
Particularly, in the case of emergencies, where a patient might be uncm)$cis
valuable to have his or her basic medical history available. An important feathee of t
system is that it captures all the medical history information filledanually by a
patient or physician in a normal doctor’s office. It enables users to view timepiete
medical history, emergency medical data, profile information, emergen@ctanists

of allergies, current prescriptions, and recent hospital visits.

The system is implemented as a three-tier application using JSPs,sServlet
Apache Tomcat, JavaBeans, JDBC, HTML/XHTML and the Cloudscape database
engine. Cloudscape functions as the back end of the system. The application mas mea

to be part of a medical expert system, but can also be used as a stand-aloneapplicat
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1. INTRODUCTION

The Medical Emergency Data Information Center (M.E.D.I.C) is an ordipesitory of
personal medical information. It contains complete, up-to-date individual mediwalyhis
records of all its members. The individual as well as any authorized physgiatered
with the M.E.D.I.C Center can view these records at any time and frono@atioh that
provides Internet access. The system aims at eliminating the monotonousend ti
consuming task of filling out numerous medical forms while visiting new physica
new hospitals. Particularly, in the case of emergencies, where a pagahbm
unconscious, it is valuable to have his or her basic medical history available. An
important feature of the system is that it captures all the medicalyhistormation

filled in manually by a patient or physician in a normal doctor’s officendbées users to
view their complete medical history, Emergency Medical Data, profitegration,

emergency contacts, and lists of allergies, current prescriptions @&mi hespital visits.

This application was meant to be part of a medical expert system, but can also be

used as a stand-alone application.
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1.1 REQUIREMENTS SPECIFICATIONS

The records are divided into sections dealing with the Emergency Medieal Dat
Allergies, Prescriptions, Recent Hospital Visits, Profile Informatioth @omplete
Medical History. The most important feature is being able to store, managecasd ac
the patient’s exhaustive medical data.

The requirements for the Medical Emergency Data Information Centdredre

The application should store the entire medical history of the individual.

The Medical History must be exhaustive and well defined.

The privacy of the individual’s medical history record must be maintained at all
times.

The application should be able to provide itemized views of different sections of
the medical history record.

Physicians should also be provided with a mode of access to a patient’s medical

history.

1. 2 DESIGN SPECIFICATIONS

The Medical Emergency Information Center was developed as a thregstiem. The
first tier houses the database. The second tier is where the business logicati@appl
server is located and the third tier is the client or user interface. Rethdibgsiness
logic on a middle-tier allows for easy development, maintenance and deployntigat of
code. Using the three-tier architecture separates and makes apdieatsier to manage.
Communication between the tiers is controlled. Therefore, changes madeitr ouilé t
not affect the other tiers. It provides effective distributed client-sanabitecture that
increases performance, scalability and availability while hiding the etypbf

program processing from the user.
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Presentation Presentation Client
Metwork
Application Application Middle Tier
Logic g Services
Metwork
E;:ifcr;: Databaose

Figure 1: Three-tier Architecture

1.1.1 Client Tier

This tier contains the user interface and represents the clients who aecagglication
through the Internet. A user can connect at any time, from any location to theMedic
Emergency Data Information Center by means of a web browser. Typlalliser
interface runs on a desktop PC or workstations that use a standard graphical user
interface. It communicates only with the business logic tier and never ginettilthe
database tier. It sends requests to the server and displays the paged femi the
application server. Responsibility for presentation and user interactioegeugith the
first tier components. If little or no business logic remains in the clientimgéhat it is
exclusively a presentation layer, then the client is calied If the client has lots of
business logic, then it fat. The Web browser is a thin client. It is so thin that it can
connect to entirely different applications of which it has no knowledge and still provide a
suitable user interface [1].

1.2.2 Application Tier
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The middle tier acts as both a client and a server. It is a server refatnesuser

interface tier and a client to the database tier. Application serveespond to the
business logic that manipulates data retrieved from the database and rejast® the
client web browsers. The present system uses the well-known Apache Tomet servl
container as its application server. The application tier is where most obttesging

work occurs. This layer receives requests from the Internet clients aechtgs HTML
using the services provided by the application layer [1]. The two main functions of the
application server are to isolate database connectivity and provide a ceshtralize
repository for business logic. The JSPs are responsible for creating thie #EW
interface pages. Java Server Pages are an extension of Servlets, whidodédw be
embedded into HTML pages. It enables dynamic generation of web content byaheans
server —side scripting. Java Beans are responsible for database accessass logsc.
They use JDBC to query the database.

1.2.3 Database Tier

The third tier provides database management functionality. It responds to remprasts f

the application server. Clients cannot make direct connections to the datsidiag e

the third tier. The JDBC API executes SQL commands and is used for comnmmicati
between the database tier and the application server. Cloudscape has been chosen as the
database serving as the backend for the project. The basis for choosing Clowdscape i
because it is hosted by Apache. Also, it is open-source and therefore inexpensgve to us
Additionally, it is a lightweight, embeddable database with a small footpnmtehie does

not occupy much memory space. It has a strong integration with Java. Therefore

methods can be executed in the database or in the application.

1.2.4 Web Application

When the client requests a dynamic web page by means of the web browser, the
application server, in this case the Tomcat container, locates the correspiawding

Server Pages (JSP) referenced in the request URL. JSPs are éjlgyaasgembled into

10



Medical Emergency Data Information Center Preetha Annamalai

Servlets, which are basically Java Classes [2]. The application serses plas request
and response object to the thread of the related Servlet. The appropriate sethackisne

invoked and the response page is generated, which is sent back to the requesting browser.

1.3 DEVELOPER ENVIRONMENT

Apache Jakarta Tomcat 5.5 Servlet container and J2SE framework together with a

Cloudscape relational database system host the project.

Apache Tomcat is the servlet container for the Java Servlet and Java Seeger Pag
technologies. Apache Tomcat is developed in an open and participatory environment and
released under the Apache Software License [4]. Apache Tomcat is lasgdlyor web
application development. It provides an environment for Java code to run in cooperation
with a web server. Tomcat includes the Jasper compiler, which compiles J5Ps int
Servlets. Tomcat is written in Java and can be run only on operating systems tlaat have
JVM (Java Virtual Machine).

Java Development Kit (JDK) is a Java software development environment provided by
Sun. It includes the JVM, compiler, debugger and other tools for developing Java applets
and applications. When Java programs are developed under the new version, the Java
interpreter (Java Virtual Machine) that executes them must also be dipol#t@t same

version.

Java Server Pages (JSP) technology provides a simplified, fast way &dyneatnic

web content. JSP technology enables rapid development of web-based applications that
are server and platform independent. They serve as an adjunct to Servlets. JSPs are
automatically compiled into Servlets at runtime. They allow the writirgeofer-side

scripts that dynamically generate web pages by permitting Javdacbdeembedded in
HMTL [3].

11
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IBM Cloudscape provides a robust, lightweight, small footprint database servisr tha
simple to deploy and reduces the cost of web-based applications. It is openasaolurce
hence available free of charge. Cloudscape runs on any standard Java \achelevi

It is easily scalable, platform independent, occupies comparatively less yngrace

and requires very little administration.

2. ARCHITECTURE DESIGN

2.1 Client — Server Architecture

The Medical Emergency Data Information Center is built using theteerver
architecture. The application is hosted on a web server and responds to cliensrequest
The client is usually a web browser. Each instance of a client can send regjtiests t
application server. The server receives and responds to the requests. In alfigrato f
request, the application server might have to communicate with a databaseGemwer

server systems can be scaled horizontally and vertically.

The client is a process (program) that sends a message to a server igthegstie
server. Client programs usually manage the user-interface portion of theaippli
validate data entered by the user and dispatch requests to the server. Tisethkent
front- end of the application that the user sees and interacts with. The ahiestgr
contains solution-specific logic and provides the interface between the user agst the r
of the application system. One of the key elements of a client workstation is finecgt
user interface (GUI). The browsers interact with the server using the Igiickocol.

12



Medical Emergency Data Information Center Preetha Annamalai

e

Tomcat
Web Server

Figure 2. Client-Server Architecture

The server fulfills the client request by performing the task requestecgefvier receives
requests from client, executes database retrieval and updates, managdsgtéataand
dispatches responses to client requests. Sometimes the server executas comm

complex business logic or might simply perform database access operations.

2.2 Web Application

An application that can be accessed by means of a web browser over the isternet
described as a web application. It allows its users to execute businesgilbgaveb
browser. The main advantage of a web application is that it is easy to update and
maintain, without the redistribution or installation of the modified software on muser

potential client computers. The Medical Emergency Data InformatioteCems on

13
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Apache Tomcat 5.5, which manages the system, handles client requests andheeturns t

appropriate responses after executing the corresponding code.

Figure 3: Basic Web Application
The clients and server communicate using HTTP protocol. JSPs and Servie¢s are

enabling technologies that provide the infrastructure for building web appfisati

2.3 Flowchart

Figures 4, 5, and 6 give a visual representation of the sequence of content in the Medical

Emergency Data Information Center.

The Medical Emergency Data Information Center homepage contains atimnnabout
the application and options to find out more, to contact the stakeholders and to login to
the system. The index page mspindex.jsp displays three login options — User, Daktor, a

New User.
If the client logs in as a doctor, his ID and password are validated, and tiseasked to

enter the ID of the patient whose record he intends to view. If the client logain as

patient, his ID and password are validated and the patientmenu.jsp is displayed.

14
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Index Page

Is Doctor?
Doctor Login
Patient Login l
Enter Patient ID
\ 4

Figure 4: Flowchart A

The patient menu provides options to view the complete medical history of the patient, t
view only the emergency data for that patient, to obtain the emergency coonitdlots f
patient and to view detailed sections of the patient’s medical record. Each page has

navigation buttons to access the main menu.

The detailed view option allows you to separately examine the patieetgied, record

of recent hospital visits and the current medications the patient is taking.

15
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Patient Menu

View View View View View
Emergency Patient complete Emergency Medical
Medical Profile Medical Contacts Details
Data History

Figure 5: Flowchart B

Each view is a Java Server Page, which executes the embedded Java code aneds retur

as an ordinary HTML page to the web browser.

16
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Medical Details Menu

l

View View View Return
Allergies Recent Current to
Hospital Visits Prescriptions Main Menu

Figure 6: Flowchart C

3. DATABASE DESIGN

The database is an integral part of the Medical Emergency Data Informgsi@mSA
basic requirement for the system was that it would have to capture and manage all t
information present in the numerous medical history forms that are filled @uelzef

consultation with a physician.

3.1 Cloudscape

IBM Cloudscape is an object-relational database management syst&BCE. It is
easy to deploy and maintain. It has a small footprint and therefore occupidskess

17
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space. Using Cloudscape reduces the cost of web-based applications. Cloudscape is ope
source and can be used for free. Cloudscape is written entirely in Java. It can be

embedded in any Java application.

It can also be embedded inside the lightweight JIDBC server framework caliddi®

Sever, which allows multiple client JDBC applications to connect to a centahladat

server over a network. Cloudscape supports SQL. Application logic can be stored in the
form of Java classes in the database and run them in the client application or in

Cloudscape as appropriate [6].

For the Medical Emergency Data Information Center, there are mudlgkst Each
table is related based on the ID field. The tables map all the information pravithed |

medical history forms into the database.

3.2 Sample Database Script

CREATE TABLE MEMBER (
ID int NOT NULL,
Passwd varchar(20) NOT NULL,

constraint uniqueld primary key (ID)

CREATE TABLE PATIENT (

ID int DEFAULT AUTOINCREMENT,
SSNint,

FName varchar (30) NOT NULL,

LName varchar (30) NOT NULL,
MName varchar (10),

DOB date NOT NULL,
ApplDate date NOT NULL,

Gender varchar (10) NOT NULL,

18
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BloodType varchar (20) NOT NULL,
Age int NOT NULL,

DLNumber varchar (10),
DLstate varchar (20),

constraint uniqueldl primary key (ID)

);

CREATE TABLE ALLERGY (
ID int NOT NULL,
AllergyName varchar(50) NOT NULL,
AIN int NOT NULL,

constraint uniqueld2 primary key (ID)

4. IMPLEMENTATION DETAIL

The implementation details deal with the Java technologies used in this project.

4.1 Implementation of Business Logic

The business logic is implemented using Java Beans. The Java Beans API provides a
framework for defining reusable, modular software components. Java Beans can be
manipulated visually. The main advantage of using Java Beans is reusabiliBealwa
should provide a practical way to add and improve functionality in an existing code base
without rewriting the original code. JavaBeans components encourage developers to
make incremental changes to components instead of rewriting significant p&ndions
scratch. The result is a steady progression of functionality, which in turtedietanore

consistent evolution of a component through subsequent versions [8].

19



Medical Emergency Data Information Center Preetha Annamalai

A bean is characterized by the properties, events, and methods that it expooisery

is a piece of the bean's internal state that can be programmaticalhdémt queried,
usually through a standard pair of get and set access methodsefftelsexported by a
bean are simply any public methods defined by the bean [7].

In the Medical Emergency Data Information Center, two beans are usefitsTbean is
the EMDBean that defines the properties of the bean. The other is the EMDDataBea
which encompasses all the prepared statements and business processing methods.

4.2 Implementation of Web Interface

The web interface is implemented using Java Server Pages. JSP is an exiestisibl
technology that uses template data, custom elements, string languagesyandide
Java objects to return dynamic contents to a client. Typically the templaterdsatic
data is HTML or XML elementsISP pages are internally translated into servlet code

when they get deployed.

In many ways, Java Server Pages look like standard XHTMKML documents. In
fact, JSPs normally include XHTML or XML markup. Such markup is kmew fixed-
template data or fixed template text. Fixed template déta delp a programmer decide
whether to use a servlet or a JSP. Programmers tend to use JSPs when maosnidrthe
sent to the client is fixed template data and only a smallgoof the content is
generated dynamically with Java code[9].

Using JSP, web application development can be simplified because business logic is
captured in the form of JavaBeans or custom tags while presentation logituiedan
the form of HTML template. As the business logic is captured in component forms, they

can be reused in other Web applications.

20
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The JSPs used in this project are:

=

7.
8.
9.

msplogin.jsp — Checks user credentials by matching M.E.D.I1.C ID and password
to those listed in the database.

mspdoclogin.jsp — Checks doctor credentials by matching M.E.D.I.C ID and
password to those listed in the database.

msppatient.jsp — Allows the doctor to enter the patient M.E.D.I.C Id for the
patient whose record he intends to view

patientmenu.jsp — Displays the main menu of options for the patient whose Id has
been entered.

mspprofile.jsp — Displays the profile information such as name, address, blood
type, and gender related to the current M.E.D.I.C Id.

EMDcontacts.jsp — Displays the name, address and contact information for the
patient’s next of kin

mspViewHistory.jsp — Displays the entire medical history of the patient.
mspEMD.jsp — Displays the Medical Emergency Data related to that patient

mspallergy.jsp — Lists the allergies that the patient suffers from.

10. msppresc.jsp — Lists the prescriptions being taken by the patient.

11. msphospital.jsp — Lists the recent hospital visits and consultations related to the

patient.

12. msplogoff.jsp — Logs out of the system.

The following is an example of a typical JSP used in the project .This parti@Rar

displays current medications prescribed to the patisppresc.jsp

<?xml version = "1.0"?>
<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Strict /[EN"
"http://www.w3.0rg/TR/xhtml1/DTD/xhtml1-strict.d td">

<%-- page settings --%>

<%@ page errorPage = "ErrorPage.jsp" %>
<%@ page import = "java.util.*" %>

<%@ page import = "annamalai.msp.*" %>

<jsp:useBean id = "addressData" scope = "session"
class = "annamalai.msp.emdDataBean" />

21
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<jsp:useBean id = "address" scope = "session"
class = "annamalai.msp.emdBean" />

<jsp:useBean id = "auction" scope = "session"
class = "annamalai.msp.emdBean" />

<html xmins = "http://www.w3.0rg/1999/xhtm|">

<head>
<title>Prescription list</title>

<style type = "text/css">
body {

font-family:Arial,
text-align: center;
background:#000088;

text-align:center;

th {

text-align: center;

font-size: 23px;

border: 3px groove;

padding: 10px;

background-color: #dddddd;

margin: 0 auto;

width:400px;
font-weight:bold;

table, tr, td {

text-align: left;

font-size: 18px;

border: 3px groove;

padding: 10px;

background-color: #dddddd;
margin: 0 auto;
width:400px;

p{ _
text-allgn:center;

color:white;
font-weight:bold;

}

a, a:visited

{

text-decoration: none;
color: #00FFFF;
font-weight: bold;

}

a:hover

22
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{
}

</style>
</head>
<body><br>
<%

color: #FF5555;

String fname = session.getAttribute("FName").toStr
String Iname = session.getAttribute("LName").toStr

%>
<p style = "font-size: 2em;"> Current Prescriptions
<%= Iname %> </p>

<table>
<thead>
<tr>
<th > Prescription </th>
</tr>
</thead>
<tbody>

<%
String id = session.getAttribute("ID").toString();

//ICURRENT PRESCRIPTIONS
List presclList = new ArrayList();
presclList =addressData.CurrentPresc(id);
Iterator presclListlterator = presclList.it

while ( presclListlterator.hnasNext() )

address = (emdBean ) presclListlte

%>
<tr>
<td><%-= address.getCPresc() %></td
</tr>
<%
} /I end while

//IOTHER PRESCRIPTIONS
List presc2List = new ArrayList();
presc2List =addressData.OtherPresc(id);
Iterator presc2Listlterator = presc2Lis

while ( presc2Listlterator.hasNext() )

{

address = (emdBean ) presc2Listlterato

23
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%>
<tr>
<td><%= address.getPrescName() %>< ftd>
</tr>

<%

} /1 end while
%>
</tbody>

</table>
<br><br><br>
<a href="detailsmenu.html" > Return To Main Menu < la>
</body>
</html>

4.3 DATA STORAGE AND RETRIEVAL

The Java Database Connectivity (JDBC) API is used to access databasésviaom
programs. Using JDBC, an application can access a variety of databases andyun on a
platform with a Java Virtual Machine. The JDBC API defines a set of Javéacgs that
encapsulate major database functionality, such as running queries, processiscares
determining configuration information. Because JDBC applications aremviittJava,

applications work on any platform.

JDBC establishes a connection with a data source, sends queries and updatatstaiem
the data source and processes the results. SQL is the standard languagps$ima
relational databases.

The Java application calls JDBC classes and interfaces to submit SQheststand
retrieve results. The JDBC API is implemented through the JDBC driver. € JD
Driver is a set of classes that implement the JDBC interfaces to pdieB&scalls and
return result sets to a Java application. The database stores the datdrbirithe
application using the JDBC Driver[10].

24



Medical Emergency Data Information Center Preetha Annamalai

The following figure shows the components of the JDBC model.

Figure 7: JDBC Model

The following snippet of code establishes a connection to the database :

//ISETTING UP THE CONNECTION TO THE DATABASE
I/l load the Cloudscape driver

Class.forName( "COM.cloudscape.core.RmiJdbcDriver");
/[ connect to the database
connection = DriverManager.getConnection

("jdbc:cloudscape:rmi://localhost:23109/medic" );

[/Isettin autocommit mode to false
connection.setAutoCommit( false );

25
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Sometimes it is more convenient or more efficient to use a PreparedStabéjeentor
sending SQL statements to the database. A PreparedStatement object caatiains a
compiled SQL statement. Using PreparedStatement objects considedalglyse

execution time.

The following PreparedStatement object queries the database tablé tbleztrieve all

the active heart problems suffered by the patient having the specified ID.

/IQuery to retrieve active heart problems

heartproblemactive = connection.prepareStatement(
"SELECT * FROM Heart where ID=? AND Status="1""

);

26
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5. SCREEN SHOTS OF M.E.D.I.C SYSTEM

5.1 M.E.D.l.C Homepage

Figure 8: Homepage
This is the first page viewed by visitors to the system. Members will glieadce been

provided with their M.E.D.I.C ID when they sign up to be part of the M.E.D.I.C
initiative. The same is the case with physicians.

27
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5.2 Main Menu

Figure 9: Main Menu

This page allows the user to choose his or her login type.

28
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5.3 Login Page

Figure 10 : Login Page

The user logins with his M.E.D.I.C id and password to access his record.

29
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5.4 Patient ID Page

Figure 11: Patient ID Page

Only physicians, for them to enter the ID of the patient whose record thay tot@iew,
access this page. Only authorized physicians can log into the system. This phatect
privacy of the patient to a certain extent.

Once the patient ID is entered, here or on the patient login page, the patiens menu i
displayed to provide access to the patient’'s medical history.
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5.5 Patient Menu

Figure 12: Patient Menu

This is the main menu of the system.
The profile view gives details pertaining to the member and his registnatibe
M.E.D.I.C system.
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5.6 View Profile

Figure 13: View Profile
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5.7 View Complete Medical History

Figure 14: Complete Medical History
All the information provided in the patient medical forms is mapped into the database.

This view is a comprehensive representation of the database contents. éntspaés
medical details relevant to the particular patient.
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5.8 View Emergency Medical Data

Figure 15: Emergency Medical Data

This page displays all the vital medical data related to the particulanpati case
emergency assistance has to be provided, this information covers the essential

information required to help the patient.
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5.9 View Emergency Contacts

Figure 16: Emergency Contacts

35



Medical Emergency Data Information Center Preetha Annamalai

This page provides the contact details of the next of kin. This is especially usefubw

patients are admitted into the hospital in an unconscious state.

5.10 Medical Details Menu

Figure 17: Medical Details Menu

This menu lists the various itemized views available.
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5.11 List Allergies

Figure 18: Allergy List

This page lists all the known allergies of the patient. This information is iihw

giving the patient an intravenous drip or while diagnosing a rash or infection.
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5.12 List Prescriptions

Figure 19: Prescription List
This page lists out all the medication that the patient is taking currently.sTiensure

that when new medication is give to the patient, it does not have adverse sigereffec

combination with the older prescriptions.
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5.13 List recent Hospital Visits

Figure 20: Recent Hospital Visits
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This page lists the patient’s hospital record. This is especially useful mafase
emergency, where it is imperative to know if a patient suffered from the @amakated

problem previously.

5.14 Log Off

Figure 21: Log Off

This screen is reached after a successful logging out of the system.
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6. FUTURE WORK

This project has been developed as a Master’s project and is constrained. byhene is
scope for extending the system, if it were to be developed as a commercial prbduct. T
functionality can be extended to include the insertion of the medical history from the
patient forms. Provisions can be made to enable authorized physicians to modify the

existing records.

Also, an option can be provided to export the records to Word or PDF to make printing

easier. In addition, new technologies can be used to improve performance.

7. CONCLUSION

The Medical Emergency Data Information Centre is a typical webcapioln. It has been
developed using the popular Java technologies. It uses the client-serviecarshiand

HTTP protocol for communication. It has successfully managed to capture all the
medical information provided in the patient medical history forms. The systelveca
extended to make it commercially viable. The proposed extensions have been discussed
in the future work section of the document. The time and effort invested in this project
have enhanced my skills in the area of distributed application applications and Java.
Through diligent effort, | have progressed from a novice to a professional programme
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8. USER GUIDE

Server System Requirements

Java 2 Platform Standard Edition Development Kit(JDK)
Apache Tomcat 5.5

Cloudscape 5.5

Windows NT/Me/XP/2003, Linux, Solaris

Client System Requirements

Windows 95/98/XP/Me/2000/2003 server, Linux, Solaris

Internet Explorer 5.0 or higher / Mozilla Firefox / Netscape Navigator

Server Installation

Install Java 2 Platform Standard Edition Development Kit(JDK)
Install Apache Jakarta Tomcat and start the application server

Install Cloudscape 5.5

A A

Copy the provided application folder to the ‘webapps’ folder in the tomcat

directory structure.

Client Installation

1. Install web browser
2. Browselhttp://servername:portnumber/annamalai/mspindex.html
(for examplehttp://iwebsrv.cs.fsu.edu:23100/annamalai/index.Html
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