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Sammanfattning

Sofiadngen (http://sofiaangen.com/) &r en psykoterapeutisk dagverksamhet och
skola som ligger pa Sodermalm i Stockholm. Sofiadngen riktar sig till
ungdomar i aldern 14 till 20 med psykiska och sociala problem.

Det nuvarande systemet som anvands av Sofiadngen for att hantera
patientjournaler ar i form av textfiler placerade i en delad mapp pa en Mac-
server, vilket varken ar strukturerat, effektivt eller flexibelt. Syftet med detta
examensarbete har darfor varit att hitta det basta sattet att implementera ett
journalsystem for patientjournaler pa, samt att utforma, utveckla och driftsatta
den valda lésningen.

Arbetet delades in i fyra olika faser. Under den forsta fasen genomfordes en
forstudie dar mojliga implementeringar (fristaende eller webbaserad) studerades
och resultatet dverlamnades till bestéllaren som fick vélja den mest lampliga
Iosningen. De tre Ovriga faserna var att utforma, genomféra (och testa) och
distribuera den valda l6sningen, samt att skriva en anvédndarmanual.

Den valda I6sningen, att skapa systemet som ett fristdende program,
implementerades med JavaFX:s plattform och MySQL:s databas-server. Vi
anvande en iterativ arbetsprocess for att stegvis utveckla de funktionella kraven.
Detta for att kunna utvardera vart arbete tidigt, utifran feedback pa utvecklingen
fran bestallaren, innan nésta uppsattning krav genomfordes. Examensarbetet har
resulterat i ett journalsystem som uppfyller alla krav pa funktionalitet och
design av anvandargranssnittet som kravdes av Sofiadngen.

Nyckelord: EMRs, JavaFX, journalsystem






Abstract

Sofiadngen (http://sofiaangen.com/) is a psychotherapeutic day activities center
and school located in S6dermalm in Stockholm. Sofiadngen targets young peo-
ple between the age of 14 and 20 and who have psychological or social prob-
lems.

The current system used by Sofiadngen for handling patient medical records is a
Microsoft word file-system on a Mac server, which is neither efficient nor flex-
ible. The objective of this bachelor thesis has therefore been to find the best
way of implementing an EMRS as well as designing, developing and deploying
the selected solution.

The work was divided into four different phases. The first phase was conduct-
ing feasibility study where possible implementations (standalone and web
based) were studied. The result was submitted to Sofiadngen so they could
make a selection. The second, third and fourth phases were respectively de-
signing, implementing (and testing) and deploying the selected solution.

The selected solution was to implement the system as a standalone application.
The system was implemented using the JavaFX platform and a MySQL data-
base server.

We used an iterative software development model in order to implement the
functional requirements incrementally and in doing so we were able to evaluate
our work early, before the next set of requirements were implemented after get-
ting feedback on the development from Sofiadngen.

The Degree project has resulted in an EMRS which fulfills all of the functional
and look-and-feel requirements required by Sofiaédngen.

Keywords: EMRS, JavaFX, journalsystem
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Terminology

Abbreviations
EMR(S) Electronic Medical Record (System): A patient's medical record
being stored in digital format rather than in traditional paper files.
MVC  Model-View-Controller design pattern that separates  view from logic
GUI Graphic user Interface
CRUD Create, Read, Update and Delete (CRUD) are the four basic functions
of persistent storage [1]
SRS System Requirements Specification

viii






1 Introduction

1.1 Background and problem motivation

An Electronic Medical Record (EMR) system is a rapid and efficient method to
preserve and manipulate critical medical information. It enables users to keep
track of the medical records over time and saves them a lot of time in their work
hence improving the service they provide. Today most health care facilities in
Sweden use an EMRS.

Sofiadngen is one of those health care facilities that do not use an EMRS. So-
fiadngen is a psychotherapeutic day time activities center and school on
Sédermalm in Stockholm. This psychotherapeutic center and school is for
young people between the age of 14 and 20 years and the school is an inde-
pendent school with secondary and high-school levels.

Sofiadngen's school caters to young people who have psychological and/or so-
cial problems and who are in need of special support.

Prior to this project assignment Sofiaédngen did not have an electronic medical
record system. Their medical records and patients' information were stored in
Microsoft Word files located in a shared folder on a Mac server. This is not a
rapid and efficient method to preserve critical health information. The personnel
had to enter and add health information in a free and non-organized style which
made the medical journals lack uniformity and the collection and transmission
of information unsystematic. Therefore we were given an assignment to create
a stand-alone EMRS that solves the above mentioned problems.

1.2 Goals

The purpose of this project was to research how to best implement an EMRS
that is rapid, efficient, secure and easy-to-use and then develop an EMRS that
has a backup storage and user friendly interface which enhances the uniformity
of the entry and presentation of patient information. The software should allow
access only to authorized personnel and help the personnel to efficiently store
and share patient information in a secure way.

1.3 Limitations

e \We decided from the beginning that we were going to use NetBeans IDE
[2] to develop the system since we are very familiar with NetBeans and
have been using it for a long time.

e \We decided to create the system in the Java programming language because
it is the programming language we are most familiar with besides the lan-
guage being cross-platform.

1.4 Objectives (Concrete Goals)
This project's goal was to achieve the following two-fold objective:
1. Operational objective — An EMRS would be designed and developed
that fulfills all the customer's requirements.
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2. Documentation objective - The EMRS should include documentation in
the form of a user manual, architecture document, installation manual
and a software requirements specification document.

1.5 Chapters

Here is a short description of the chapters in this report:

Chapter 1: Introduction - presents the project assignment with goals, limita-
tions and methods.

Chapter 2: Background Material - explains the basic theory (concepts, tech-
nologies and techniques) needed to understand the report.

Chapter 3: Method - describes the software development model we used and
the research we made prior to the development process.

Chapter 4: Solution options - describes the different implementation methods
and technologies evaluated and used by the application.

Chapter 5: Implementation - explains how the selected implementation meth-
od and technologies in chapter 4 were implemented in the application.

Chapter 6: Result - describes the results achieved at the end of this project.
Chapter 7: Conclusion - conclusions of this assignment.

Chapter 8: Future Development - authors thoughts about possible future im-
provements to the application.



2 Background

There are many commercial EMR systems available today. According to the
Healthcare Information and Management Systems Society (HIMSS)
(http://www.himss.org/), there are more than 400 vendors for Electronic
Medical Records systems in the USA alone [3]. Even though we couldn’t find
exactly how many EMRS vendors there are here in Sweden, we looked into
some of the EMRS that are available today or are currently being used.

Today in hospitals, it is six medical record systems that dominate the Swedish
market: TakeCare , Cosmic, Melior, Infomedix, VAS (Vardadministrativt
System) and SY Steam Cross. To understand how widely these systems are used
in Sweden look at figure E1 in Appendix E as reported by the newspaper
Sjukhuslékaren [4]. TakeCare is owned by a software company called
CompuGroup Medical (CGM)[5], Cosmic by Cambio Healthcare Systems[6],
Melior by Siemens and Infomedix by INFOMEDIX [7].

VAS is owned, developed and maintained by Norrbotten county council in
cooperation with Jdmtlands and Halland county councils [8] while SY Steam
Cross’s development projects are controlled by S6rmland county council. These
systems are structured similarly. All are built in modules, but the modules are
different in name and in content. Most of the features (functionalities) are
similar in all the systems. All systems have functions for care documentation
(medical recording), drug prescription, drug list and referral and response. They
also have various planning functions such as calendar, booking and similar. In
all of these systems, except VAS and SYSteam Cross, it is possible to install
these modules independently which makes them adaptable to different health
facilities that do not need all the functionalities of the system [9]. These systems
can be used or adapted to all three parts of the patient care facilities; hospital,
psychiatry and primary care [10].

PsykBase [11] is another EMRS which is specifically developed for
psychologists, psychotherapists and psychiatrists and is suited for small
practices. It is available as a web based and as a standalone application. Some
of the features offered by this system, besides keeping records especially suited
for psychiatrists/psychologists, are accounting, calendar, report generation etc.
One downside of this system is that the standalone version doesn’t work on
Mac computers. Another downside is, it is designed for single user not for a
group of users.

There are even many EMRS that are licensed under an open source license or in
the public domain for use in the healthcare industry. OpenEMR [12] is one
example. It is a Free and Open Source Practice management and Electronic
Medical Records software application and it features fully integrated electronic
medical records, practice management, scheduling, electronic billing,
internationalization, and free support. It can run on Microsoft systems, Unix-
like systems (Linux, UNIX, and BSD systems), Mac OS X and other platforms
[12]
3
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Here are some of the free EMRS without going into details. For detailed
information one can follow their respective references. VistA [13], GNU Health
[14], Open Source Clinical Applications & Resources (OSCAR)[15].

These electronic medical records systems, which are commercially available,
are big and have a lot of functions which are not necessary for a small private
facility like Sofiadngen besides being expensive.

2.1 Definition of terms

In this section, we give a general description of the background to the
technologies, platforms and libraries that have been relevant in the development
of this medical record system.

EMR (Electronic Medical Record) - a patient's medical and health related
history in digital format. It stores electronically all medical information of a
patient’s past and present health status and health care.[16]

Standalone application - a standalone application refers to an application
running on a desktop environment such as Windows or Mac platforms that is
the code runs on the client as well as the processing of data. The software may
reside on the same machine or on a remote server (can be accessed without the
Internet). [17]

Web-based application - a web-based application refers to any program that is
accessed over a network connection using the HTTP protocol. Web-based
applications often run inside a web browser. However, web-based applications
may also be client-based, where a small part of the program is downloaded to a
user’s desktop, but processing is done over the Internet on an external server.
[17]

JavaFX - a set of graphics and media packages that enable application
developers to easily design create and deploy Rich Internet Applications (RIA)
and Desktop applications that behave consistently across multiple platforms.
Built on Java technology, the JavaFX platform provides a rich set of graphics
and media API with high performance hardware-accelerated graphics and media
engines that simplify the development of data-driven enterprise client
applications. [18]

JavaFX Scene Builder - a key development tool for the JavaFX platform. It
provides a visual layout environment that lets you quickly design user interfac-
es (UI) for JavaFX applications without needing to write any code. As you build
the layout of your Ul, the FXML code for the layout is automatically generated.
JavaFX Scene Builder provides a simple yet intuitive interface that can help
even nonprogrammers to quickly prototype interactive applications that connect
Ul components to the application logic. [18]

FXML - an XML-based language that provides the structure for building a user
interface separate from the application logic code. [18]
4



Swing - a set of packages included in the Java Standard Edition and is used for
creating graphical user interfaces (GUI: s). [19]

iText - a free and open source library for creating and manipulating PDF files in
Java. [20]

Backup - the procedure for making extra copies of data that can be called on in
the event that the original is either lost or damaged.

PreparedStatement - a Java object that represents a precompiled SQL
statement.






3 Method

3.1 Preliminary Study

Before starting our project, a preliminary study was made to look into currently
existing EMRS and see if we can find one that could fulfill Sofiadngen re-
quirements. We also made a study to determine whether to implement the sys-
tem as a stand-alone or web-based application in the case that we had to devel-
op the system ourselves. We also researched what the law says regarding cloud
services. We found out that there are a lot of rules and regulations to be fol-
lowed as well as agreements to be made between the cloud service provider and
the data controller demanding the cloud provider meets the requirements of the
Swedish Personal Data Act [21]in order to use a cloud service for storing pa-
tient data. The results of the inqueries were then presented to Sofiadangen in
order for them to make an informed decision. Based on that decision we were
able to compare and choose different technologies (techniques) for the different
parts of the system. The techniques which we compared and examined to create
the system were JavaFX vs. Swing and different file systems vs. databases. See
chapter 4 for the different techniques considered.

3.2 Development Method

There are several software development models that play a big role in guiding
the software development process. Each one has its pros and cons, and we had
to choose one that we thought was appropriate for our project.

At the beginning of this project, Sofiadngen didn't exactly know what they
wanted and they had to discuss among themselves to figure that out. It was also
difficult for us to understand all their needs exactly as they required and as a
result we started with an incomplete requirement specification.

3.2.1 Candidate Development Methods
Here are the process models we considered and the reason we rejected them.

Waterfall model - This takes the fundamental process activities of
specification, development, validation and evolution and represents them as
separate process phases such as requirements specification, software design,
implementation, testing and so on. The downside we found with this model is
that it should only be used when the requirements are well understood and
unlikely to change radically during system development, which was not the
case here as we have explained earlier.[22]

Spiral model - In this approach the software process is represented as a spiral,
rather than a sequence of activities with some backtracking from one activity to
another. Each loop in the spiral represents a phase of the software process.
Thus, the innermost loop might be concerned with system feasibility, the next
loop with requirements definition, the next loop with system design, and so
on.[22]



This model focuses on identifying and eliminating high-risk problems (for
example, if the intention is to use a new programming language, a risk is that
the available compilers are unreliable or do not produce sufficiently efficient
object code [23]) by careful process design.[24]. But we didn’t expect high-risk
problems in our software development as it is a small application.

Prototyping model [24] - This model requires developing a prototype to
illustrate to the customer the functionalities of the system and gain a better
understanding of the customer’s needs. But our system is small and we didn’t
need to create a prototype.

3.1.2 The Chosen Development Method

We decided to use an iterative and incremental development process [22]. The
reason we chose this model is to enable us to show the customer, iteratively, a
system that can demonstrate some new functionality in action early in the
development process without having to develop the whole system. As a result
we get feedback from the customer early and the customer gets the opportunity
to evaluate if their requirements are being met early.

The general iteration process in the iterative and incremental development
process looks as follows (figure 3.1).

act Process cycle )

1. Discussion with customer

6. Demo l /l andlor new requirments 2. Analysis

5. Testing esign

_]’ { 4 Implementation ]( q

Figure 3.1 The Iterative process used in this project
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1. Discussion with the customer to gather new or additional requirement
specifications.

2. Study the specification for realism, consistency and completeness. Re-
quirements that do not meet these criteria are further discussed with the
customer.

3. Design how to best implement the specifications. Here data structures,
interface representations and algorithmic details are designed.

4. Implement the design. This includes writing (or improving) source code,
creating the database (data and data structures) and testing.

5. Function testing is performed to ensure that the system(new added func-
tionalities) is working correctly and efficiently.

6. The final step is to demonstrate the result to the customer for feedback.

The work was divided into smaller iteration cycles and reported as various de-
mos during the last step of every iteration phase.
The project was intended to have the following iteration cycles:

1. Aninitial graphical user interface (GUI) was designed using the JavaFX
Scene Builder and presented to the customer.

2. A more refined GUI and login functionality that goes all the way to a
database were developed.

3. The rest of the functionality (except converting medical records to pdf)
were implemented e.g. creating and deleting (inactivating) a patient or
user, adding records to a patient, giving different rights to a user etc.

4. At last the functionality of converting patient records in the database to
PDF format was implemented.

3.2 Project report
We decided to follow the template for technical-report-writing given to us by
our supervisor.

We started by writing the introduction, background theory, method, solution
options and implementation chapters first since they didn't need the completion
of the system. The rest of the report: result, discussion and future development
were written after we completed the system and had deployed it.

3.3 Testing

To make sure or demonstrate that our system’s functions were working
according to the requirement specifications of Sofiadngen we had to perform
different tests and debugging as often as necessary. To accomplish testing we
utilized the three levels of testing unit testing, integration testing and system
testing [22] but before any kind of testing could be done we had to install the
MySQL server [25] as well as create a database instance in the MySQL server,
since that is the system’s storage (see section 4.1.3).

3.3.1 Unit Testing
In our software the different units consist of:
e Java entity (object) classes that represents the business logic, and their
respective methods.



e The Java controller classes

e The database handler Java class. This class handles all the interaction
and queries to the database.

Unit testing starts with the methods in the database handler class because it is
the basis for subsequent tests depending on the database handler. Hence a test-
class, for the object classes and the database handler class, connects to the
database using a method in the database handler class and creates the database-
tables (if they are not already created) and tests all the features (attributes and
operations) of the object classes. Here the results are shown as data entered into
or retrieved from the database.

The views, defined in FXML files created by the JavaFX Scene Builder, were
easy to develop and could easily be connected to their corresponding scene
controller classes (see section 5.3.1 for further information). In order to test the
methods in the controller classes independently, it was not necessary to create
specific test-classes because we could use the GUIs to test these methods by
calling them with appropriate input parameters. Here unit testing ends in class
testing, that is, when the interaction between the attributes and the methods are
tested. The results are then shown in the standard output.

The GUI components (TextFields, Buttons etc.) were tested by entering
different kinds of input. For example, entering too short or too long password
and verifying that the system responded with the appropriate error message.

3.3.2 Integration Testing

The GUIs and their corresponding controller classes are already integrated in
conducting unit tests on the methods of the controller classes. There are six
scene controller classes each handling one of the six views/scenes and one main
controller class that handles communication between the scene controllers and
the backend classes (database and PDF-writer). Hence the integration test
includes parameter passing and method invocation between the main controller
and the other six controllers, between the main controller and the object classes
and between the main controller and the database handler class. Here Thread
integration testing [26] is used, that is, integrating the set of classes required to
respond to one input or event for the system. Each thread is integrated and
tested individually and then integrated with the already tested and integrated
threads. The integrated threads must be tested in case the new added thread
causes side effects. For example, the authentication and authorization
functionality in our software requires the interaction of the following files
LoginScene.fxml (the view), LoginController.java (the scene controller) and
DatabaseHandler.java (the backend database class). See section 5.3.1 for further
information on these files.

3.3.3 System Testing
Since we developed every part of the system ourselves, we don’t see much
difference between integration and system testing when we are testing it
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ourselves, because here, similar to the integration tests, we would make sure
that all the components interact correctly and transfer the right data at the right
time across their interfaces. However, in the system testing, in addition to
detecting defects, we tested that all requirements were being satisfied. That is,
demonstrating, using simulated test data, that the system has properly
implemented the requirements. System testing has also to be done on the
customer site. Hence, we also performed deployment testing and then
acceptance testing [26].

3.3.3.1 Deployment Testing

Sofiadngen have both Mac and windows computer, therefore, we had to install
MySQL server first and then install the application and make sure it works on
both operating systems.

3.3.3.2 Acceptance Testing
Here Sofiadngen would be the ones to test the system for its functionality, that
is, to make sure the system worked and that it met their requirements.

3.4 Documentation
As part of the documentation of the system the following documents were
created:
e Requirements specification document: specifying the user requirements.
e Architecture document.
e Installation document: describes how the system can be installed and
configured.
e User manual: helps the user to understand how to use the system.

10






4 Solution options

This section aims at presenting and explaining the different implementation
methods and technologies we considered for the EMRS.

4.1 Solution Options

This section aims at presenting the two implementation options we considered
for the EMR system. The first option is stand-alone application and the second
option is web-based application.

4.1.1 Stand-Alone vs. Web-based EMRS

4.1.1.1 Stand-Alone EMRS
This is a medical records program in which the software may reside on the
same machine or on a remote server.

Advantages:

e Better performance (speed).

e No Internet connection needed.

e Full control over the application and data. Hence, better security.
Disadvantages:

e Manual updating may be required.

e Most of the time they are only usable within a certain location.

4.1.1.2 Web-based EMRS
A web-based EMRS runs on the web server. For this type, all one needs is an
Internet connection.

Advantage:
e Convenient for users to access the application from any location using
the Internet.

Disadvantages:
e No full control over own data and application (controlled by third
party). Hence vulnerable to different threats or risks
e No access to own data and application when there is no Internet
connection.

4.1.1.3 Selected implementation

Having considered the pros and cons of both implementations Sofiadngen
selected to implement the EMRS as a stand-alone application based on security,
connectivity (availability) and cost factor. See REQ 10, 11 and 12 in the SRS
document in appendix B. In other words, a standalone application fulfills the
aforementioned nonfunctional requirements.

4.1.2 JavaFX vs. Swing

Even though Swing is the only GUI toolkit we have used when developing

different applications in the past we chose JavaFX to build our GUI not based
11



on comparison with Swing but for the simple reason that Oracle recommends
using JavaFX when building new applications.

Some of the benefits of using JavaFX are:

Familiar Java development tools: Developers can use their favorite Java
development tools, such as the NetBeans and Eclipse IDEs, for development of
JavaFX applications. All the standard IDE features, including syntax
highlighting, auto-completion, interactive step-through debugging, and
profiling are available for JavaFX developers. In addition, JavaFX Scene
Builder offers an intuitive visual layout environment. [27]

Deploy on the desktop or in the browser: JavaFX applications can be deployed
either as desktop applications or in browser applets with the help of the Java
browser plugin. The improved Java browser plugin provides JavaFX
applications a secure way to run inside a browser. When deployed on the
desktop, JavaFX applications get the benefits of better performance and native
operative system integration. [27]

4.1.3 Database vs. File system

Both databases and file systems are used for storing data with integrity and they
both provide concurrency but databases have some important features that make
them better data managers. These features that database have and most file-
systems lack are:

Transaction is the property that an operation, that changes the contents of the
data, has to succeed or fail in its entirety. That means if that operation fails after
partially changing the data then the data would return to the state it was before
the operation started and if it succeeds then the changes are stored.

Fast Indexing is being able to query the database based on different attributes.
Attributes can be, for example, patient record types like psychological records,
treatment records etc. Hence we can retrieve all patient records or only psycho-
logical records for example.

Snapshot is a copy of the database taken at a particular point in time without
interrupting the services provided by the database. This copy can be used as a
backup in case of an error.

Relational View of Data Databases allow us to define relationships between
different data and then store these relationships themselves with the data in the
database. Hence this property enables us to retrieve related data easily.

So as a result of the above mentioned features that databases have, we decided

to use MySQL server as data storage for our system and convert the medical
records to PDF as backup.
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5 Implementation

The method we used consisted of four phases. The first phase consisted of the
preliminary study presented in Chapter 3 section 3.1. The second phase was the
design of the program. During the third phase implementation and tests were
performed. This phase was repeated several times as new bugs or requirements
came up. The fourth phase consisted of writing the user manual for the system
and deploying the finished EMR system in the live environment.

5.1 Functional requirements

We met with Sofiadngen several times to collect the different functional
requirements they had for the system. We categorized these functional
requirements into two key functional areas that are critical to the definition of
an EMR: (i) basic demographic and clinical health information, and; (ii)
security and confidentiality. See the System Requirements Specification (SRS)
in appendix A.

5.2 Functionality

To determine which functionalities were actually possible to implement
discussion was held with the customer. We explained to Sofiadngen's
representatives that all requirements were feasible to implement except
requirement number 7, REQ 7: Report generation, i.e. converting stored data
into Microsoft Word format (see the System Requirements Specification (SRS)
in appendix A). The reason for this is because we could not find any Java tool
that converts Java objects to Microsoft Word files. Therefore, it was decided to
convert the medical records to PDF format instead.

5.3 Architecture and Design

The following figure depicts a simplified concept model of the system by show-
ing the main entities (Java objects) and their relationships with each other and
other controller and help objects.
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Figure 5.1 Conceptual model of the EMRS

5.3.1 Software Architecture
Even though we have developed an architecture document for the system (see
appendix B: Architecture document) and explained the architectural overview
of the system in it, we think it is necessary to mention some things about the
architecture pattern we chose and the reasoning behind it.
We decided to use the MVVC (Model View Controller) architecture-pattern [22].
The reason is we knew more and more requirements would come from the cus-
tomer and using the MV C pattern would enable us to separate the three layers,
view, controller, and model, from each other resulting in fewer dependencies.
Hence adding new code for new requirements would be relatively easy. For
example, adding a new view or changing an existing view could be done with-
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out any changes to the underlying data in the model. And that is the reason we
chose MV C pattern so the system can be maintained and improved while being
developed and in the future. It also made it easier to write unit tests while main-
taining and extending our application and it also enabled us to divide the work
between us.

In a typical MVC architecture, a controller would trigger state changes to the
model based on user events in the view as picture 2 shows. The model then
notifies the view of the change. [22]

actMVC ArchltectureJ

Controller
User action Update

View Update Model

notify

get changed state

Figure 5.2 Traditional MVC.

We decided to use another variant of MVC pattern that completely decouples
the view and the model as figure 5.3 shows. The controller takes care of the
bindings between view-model and model-view. We chose this pattern because
of the growing concern that the observer pattern is prone to error [28]and the
systems doesn’t allow deleting anything important related to medical records
from the database except storing new records hence the absence of an observer
will not cause problems.

actActivity Diagramo)

Controller
IUser action Update/Save and get changed state

View Update Model

Requested state

Figure 5.3 Alternative MVC-variant.
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View Layer - Consists of several JavaFX GUI:s a.k.a. scenes. It accepts input
and/or commands from the user and passes it to the model layer through the
controller layer and it also presents the data coming from the model layer
through the controller layer.

This layer contains in total six FXML files (one for each separate scene). These
files define the user interfaces of the system. The view layer also contains one
Java class (Journalsystem.java) with the main method and it is responsible for
starting the application. These six files are: Journalsystem.java,
LoginScene.fxml, AdminScene.fxml, SearchScene.fxml, PatientScene.fxml,
ShowRecordScene.fxml, and DialogScene.fxml.

For the UML class diagram see figure 11 in section 6.2 Logical division or in
Appendix A: Architecture Document, section BB5.2.1 View (View Layer).

Controller layer - This layer sends commands to the model to update the
model's state. It also sends commands to the active view to change the view to
reflect the current state of the model.

This layer contains seven controllers and one interface. They are:
LoginController.java, AdminController.java, SearchController.java,
PatientController.java, ShowRecordController.java, and DialogController.java
and Controller.java.

For the UML class diagram see figure 11 in section 6.2 Logical Division or in
Appendix B: Architecture Document, section B5.2.2 Controller (Controller
Layer).

Model layer - This layer implements the business logic. It is the layer that
interacts with the database. It retrieves data from the database and stores data
entered by the user in the database. For example saving user or patient data,
saving patient and records associations, storing and retrieving patient records,
converting records to PDF files.

See figure D1 in Appendix D for a sample of a patient's medical journal
converted into a PDF file.

The classes in this layer are: Patient.java, User.java, JournalRecord.java,
DatabaseHandler.java, JournalDocWriter.java, PersonNumber.java and
DateHandler.java.

For the UML class diagram see Figure 11 in section 6.2 Logical Division or in
Appendix A: Architecture Document, section 5.2.3 Model (Model Layer).
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5.3.1 Design of the Graphic User Interfaces (Views)

To organize the user interface elements in the manner that we had imagined and
thought would be user-friendly we needed to use a flexible layout manager that
would allow us to position elements in an intuitive way.

Instead of coding the interfaces ourselves using FXML we used JavaFX
SceneBuilder, see the figure 5.4 below, to design our interfaces. All we had to
do was drag and drop the Ul components where we wanted them and give the
required properties to the components, like assigning unique names to the
components. As a result the desired FXML file for each designed view was
generated automatically. JavaFX SceneBuilder also allowed us to register a
controller class (for each generated FXML file) that handles the user
interaction. The look and feel of our interfaces were achieved using cascading
style sheets (CSS).

File Edit View Insert Medify Arrange Preview Window Help

Library Zearch Q ector Search Q.\,] |4
Containers * Properties : AnchorPane
= Accordion * Layout: AnchorPane
Anchor Pane ¥ Code: AnchorPane
[T] Border Pane G
] Flow Pane | - |v]
(7] Grid Pane 2:3 ' :
 Heox Cotsglerciace |
D Eane Jjournalsystem.controll El.LOgil‘lCGI"ItrOIIEI| v]
"
Ll Scroll Pane ! FTF17 8]
D] Split Pane (Horizontal Flow)
] split Pane (Vertical Flow) Id
dp Stack Pane Anvindarnamn: | |
[ Tab Pane 5T.j'|E
L Tab Losenord: | |
[C5] T m ]_
Hierarc v
L .

v AnchorPane 09ga In sofme -

L] TextField Style Class

EI PasmrdHEId

Legga in

Button Logga in background

Abe | abel

Abc Label Anvandarnamn:

Abe | abel Lisenord: 4| = ¥

Abe | abel Logga in som:

[® ComboBox Styleshests

Butto .

e = patient.css D)

Button X

+ | = | ¥

Figure 5.4 Design of the login view using JavaFX Scene Builder

Figure 5.4 above shows, as an example, the login view/scene for the Sofiaédngen
EMRS being designed using JavaFX Scene Builder. The file patient.css is the
style sheet used for the login view and the controller class for this view is
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journalsystem.controller.LoginController.java as shown in circled with red
circles. When the "Logga in"-button is pressed, the registered controller,
LoginController.java, gets the user name and password, authenticates the user
(via the model) and decides the next course of action (show login error message
or allow the user to log in to the system).

5.3.2 Database Design

The EMRS uses a MySQL server for data storage.

MySQL is one of the world's most widely used open source database and is
available in a community version that runs under the GPL (GNU General Public
License) and is free to use. It is also available in several versions that contain
additional functionality and support services that can be obtained for certain
expenses. MySQL can be used for most platforms and is used by many large
companies and websites like Google, YouTube, Adobe and Facebook. [29]

We chose not to use the O/R (Object Relational) — mapping [30] in our
application because the database was relatively small and not particularly
complex. We used JDBC and PreparedStatements and mapped tables against
our own entity classes which are just ordinary POJO:s (Plain Old Java Objects)
[31]. These entity classes are:

1. User.java: Contains information about a user including name, password,
and privileges.

2. Patient.java: Contains information about a patient including social
security number, name, address and care giver.

3. JournalRecord.java: Contains information about a journal entry
including journal type, category, care giver and patient.

We thought that these POJO:s were enough to represent all the information and
relationships that exist between the care givers (medical doctor, psychiatrists,
nurses and personal assistants) and the patients.

On the MySQL server, we created a normalized database called journal_db that
contains five tables as can be viewed in the database structure (design) as
generated by MySQL Admin tool in the figure on the following page.
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Figure 5.5 shows the relationship that exists between patient, journal and user entities.

According figure 5.5 a user (care giver) can take responsibility for many
patients and can create many journals for all the patients. A patient can have
only one responsible care giver and many journals while a journal belongs to
only one patient. A journal must belong to one category and one type.

5.4 Implementation
To develop, test and debug the Sofiadngen EMRS, we used local environments,
i.e. our own computers, and consist of the following;

+ A client computer running Windows 7 Enterprise.

* NetBeans IDE 7.3, for developing and debugging of the system and it also
supports JavaFX 2

« MySQL Community Server for data storage.

For the system to show or enter the requested information, events caused by the
user must be handled. Events are notifications that a user has pressed a key,
clicked a button or moved a mouse. Registered event handlers in the controllers
then receive the event and provide a response.

As we have mentioned earlier FXML source files are XML files (generated by
the JavaFX Scene Builder) in which we defined our user interfaces.

With each FXML file, it is possible to associate a controller class defined for

that FXML file. That controller class will make the link between the Ul (the

objects defined in the FXML) and the application logic. To each object defined

in FXML we can associate an fx:id and/or onAction attribute. The value of the

id must be unique within the scope of the FXML, and is the name of an instance

variable inside the controller class, in which the object will be injected and the
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value of the onAction is an event handler method in the controller. [32]

As an example, figure C2 and C3 in Appendix C show parts of the
SearchScene.fxml file and its controller (SearchController.java) respectively. In
this example suppose we want to have access to the TextFields and to handle
the event caused by pressing the button (see figure C1 in Appendix C) then we
will need to add fx:ids attributes to the TextFields and onAction attribute to the
button in SearchScene.fxml file, and declare variables and define an event
handling method in the controller class with the same names as the values of
these attributes. The variables and the method must be annotated with @FXML.
See the red-underlined lines in figures C2 and C3 in Appendix C.

Since now the interfaces and the controllers are connected, the controllers now
can get or store the required information by accessing the database with the
DatabaseHandler.java file in the model. Figure C4 (Appendix C) shows part of
the DatabaseHandler.java where a controller can use to get a patient by social
security number. The database handler uses PreparedStatements to query the
database. See Appendix C for sample source codes.

5.5 Deployment
We started our deployment processes by installing MySQL server on
Sofiadngen Mac server and since Sofiadngen is a small clinic with few
computers, we decided to package the application in the form of an executable
JAR file. The application package is available on a local drive and one can start
the application by double-clicking the application JAR file. This JAR file
contains a .properties file that contains the following properties:

e URL to the Sofiadngen Mac server and MySQL port number.

e Name of the database instance.

e Username and password to the database.

e URL to the base directory where the patients' printed PDF records

would be stored.

See the “Deployment View” in the Architecture Document in Appendix B.
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5.6 Testing

Unit, integration and system testing on our development environment went
smoothly, just as they were described in section 3.3.1 Unit Testing, 3.3.2
Integration Testing and 3.3.3 System Testing. However on site, at the
customer’s work place, during deployment testing we found some bugs that
took a long time to figure out.

One of the bugs we found during deployment testing on site was related to file
naming in Mac (for the application folder) and as we found out (by accident)
after we had spent a lot of time to solve this bug is that the Mac operating
system doesn’t accept spaces in folder names, when executing JAR files.
Hence it is better to avoid spaces if you can.

The second bug is related to formulating the URL for the base directory, where
the patients' PDF files are to be stored, in the properties file to accommodate
special characters (&, & and 6). We thought that the character encoding of the file
system of Sofiadngens server doesn’t match the character encoding of the client
computers, where the application is located. This leads to the PDF files not
being stored in the location specified in the .properties file. This problem was
solved when Sofiadngen helped us by removing the alphabets: &, a and 6 from
the name of the folder that contains their patients’ records.

Right now the system can successfully convert records to PDF (see Figure D1,
Appendix D) and store them in the specified location.
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6 Results

The result of this project is a fully functional EMRS that fulfills all the require-
ments of the customer. It has a user-friendly GUI and shows relevant error and
informative messages to make it easy for the user to understand what is happen-

ing.

6.1 Functionality

There are only two actors in the system. One is the administrator and the other
is the user which can be anyone who has the credentials to log in to the system.
Users have titles assigned to them when they are created, like "behandlare”
(care giver), "sjukskoterska™ (nurse), "psykoterapeut” (psychotherapist) and
"konsultlékare™ (consulting doctor).

The use cases description and UML diagram for all the actors and system op-
erations can be found in the Architecture Document, B4 Use Case View in Ap-
pendix B.

6.1.1 Logging in

Every user must login in to the system before he/she can have access to the sys-
tem.

The following UML sequence diagram describes how the main components of
the system interact to accomplish the log in use case and describes how the in-
ternal parts of the component interact to achieve the result required.
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After successful lagin an
administrator goes to
AdminScene view while DatabaseHandler
aUser goas to the interacts with MySQL
SearchScena view database to perform the
View (GUD - Logi CRUD operations forthe
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 Adminstrator/User T <([egtes> I
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| tlognd o o lCowolesageSeee) f oo ] ‘
! <treates> )
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| | 1.2 niflize(th ResourceBundie) ) | oginganmoler | | ‘
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: alid Login] J‘
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|

Figure 6.1 UML sequence diagram explaining a user logging in.
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Figure 6.2 below shows the login view (GUI) where users can select a role from

the dropdown list and enters their password to login.
If the log in was successful, the user will have access to either the

“Aminstrator” Ul or the “Anvandar” Ul based the role of the user.

_] X

Anvandarnannn: Jemal

Lésenord:

Logga in some Administratér -

Amvindare

Adrministratcr

Figure 6.2 The login Ul showing the two possible roles, Anvandare and Administator.
6.1.2 Administrator

The UML Sequence Diagram, figure 6.3, on the next page describes how the
main components of the system interact to perform all Administrator system
operations and describes how the internal parts of the component interact to

achieve the result required.
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Figure 6.3 UML sequence diagram for all the actions an administrator can perform in the
AdminScene.
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Figure 6 below shows the administrator Ul before any event (pressing a button
or choosing from a dropdown menu) is caused by the administrator.
The administrator Ul allows the administrator to create and/or edit patients and

users (see figure 6.5).
an

Inloggad som: jemal
Anvandar-administrering:

Patient-administrering:

Figure 6.4 The administrator Ul

The administrator can also give the users different rights of administration and
change their password if need be (see figure 6.5).
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Inloggad som: jemal Logga ut
Anvandar-administrering:

/r B aktiv anvandare

UG Sjukskdterska
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farfatta behandlingsjournaler signera behandlingsjournaler
farfatta omwvardnadsjournaler signera ormvardnadsjournaler

. farfatta psykoterapijournaler . signera psykoterapijournaler
\L

Patient-administrering:

Figure 6.5 Administrator Ul showing user rights check boxes and input text fields for new
or an already existing user.

The blue rectangle shows the parts of the Ul that appear when the Ny anva-
ndare/New User button (red circle) is pressed and also when a user is chosen
from the black-circled drop down menu (Valj anvandare/Choose user) but this
time the fields are filled with a hypothetical new user being created. The green
circled drop-down menu indicates the title of the new user while the orange
circled part is when a user forgets his/her password, it enables the admin to re-
set the password. The aktiv anvandare/active user checkbox must be checked in
order for a user to be able to log in to the system. This action can be used to
inactivate a user that for example has stopped working at the company and
hence should not have access to the system any more.
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N
Inloggad som: jemal
Anvdndar-administrering:

Patient-administrering:

aktiv patient

Personnummen Farnamm: Efternamn:
19950404-4646 | | Aron | | smith |

Spara

Ansvarig person: BT (5arah Johannes)

jemal (Jernal Saleh)

sodermar (Miclas Sédermark)

Sarah (Sarah Johannes)

Figure 6.6 Shows a new patient being created and a user, which we have created earlier (in
Figure 6.5), which is can now be selected in the list of users, is assigned to be the responsi-
ble person for this new patient. Setting this patient to active (using the "aktiv patient"'-
checkbox) enables the patient to be seen by users of the system.

6.1.3 User

The following UML Sequence Diagram describes how the main components of
the system interact to perform all User system operations and describes how the
internal parts of the component interact to achieve the result required.

Due to lack of space on the next page, we excluded the log out part for the User

actions in the sequence diagram (figure 6.7) on the next page, but it works the
same as the Administrator’s log out (see figure 6.3 above).
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Figure 6.7 UML sequence diagram of all the actions that can be performed as a user.
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As a user, one can search for a patient by first name, last name or social security
number. Figure 6.8 below shows the view for searching and listing patients and
figure 6.9 shows a patient being searched by first name. Choosing a patient in
the “Resultat” section in figure 6.9 leads to the view shown in figure 6.10,
where the patient’s records are shown and where a new record can be created
for the patient. A created (saved) patient record can be signed which means it is
stored permanently and cannot be deleted or edited. If it is not signed then it can
still be edited and deleted.

80
Inloggad som: jemal

56k patient:
{ Fyll i de falt som du vill séka efter )
Personnummenr: Farnamn: Eftermamn:
(AAAEMMDD-XXXX)
Sok
Resultat:

Personnummer Fdmamn

Figure 6.8 The search patient view before any event.
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Inloggad som: Sarah

Sok patient:
{ Fyll i de falt som du vill scka efter )
Personnummer: Farnammn: Efternamm:
(AL AAMMDD-XXXX)
Aron
Sok
Resultat:

Personnummer F&mamn Eftemnamn
19950404-4646 Aron Smith

Figure 6.9 The same patient created earlier being searched by a user, also created earlier,
using the patient’s first name.
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[+ |
g
Tillbaka Inloggad som: Sarah

Patientjournal:
Personnummer; 19950404-4646
Farnamn: Aron
Efternamn Smith
Patienthistorik:

@andﬁngsjnumaler Lakarjournaler Omvardnadsjournaler [ Psykoterapijourng T
EZ

2014-01-01 | Behandlingsjournal | Aktuellt Sarah (Sarah Johannes) gfjhgkjhlkhjl bkjhk nbbghgk jbvKLSHVLGs] .

<l lppdatera patientens pdf-filer B

Mytt journalinlagg:
@andlingsjnurnal Lakarjournal 0 Omvérdnadsjournal Psykoterapijournal ___—=>

@ Spara Signera

Figure 6.10 The view showing a chosen patient’s medical records.

The blue-circled part is used to choose the type of patient record to be shown in
the list (this enables a user to sort by type of record) and the black-circled part
(RadioButtons) are used to choose the type of patient record to create for this
particular patient. These RadioButtons show also what privileges, i.e. the types
of records the user can create. Here, for example, the user can create only
Behandlingsjournal/Treatment records and Omvardnadsjournal/Care records.
The green-colored patient records in the table are signed and the gray ones are
unsigned. Selecting a green-colored record leads to a new view showing the
details of the record while selecting a gray one enables the user to edit, delete or
sign the record. The red circled button causes all the records for this particular
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patient in the database to be written as PDF in the server’s directory structure,
see figure D1 in Appendix D for sample patient medical record in PDF format.
The text area is where a new patient record is written.

6.2 Logical division

As we have described earlier in chapter 5, the application is based on the MVC
pattern and as a result we created the following JavaFX package/file structure
(see figure 6.11 on the next page).

The view-package holds all the FXML files representing the different views of
the system. Each of these FXML files has a corresponding controller file in the
controller-package. These controller files use the Java classes in the model-
package to perform system operations. The model-package contains the Java
objects that represent patient, record and user. It also contains the Data-
baseHandler.java class (connects to database and performs CRUD operations)
and some helper classes, DateHandler.java (checks for correct date format) and
PersonNumber.java (checks social security number format). The Jour-
nalDocWriter.java in the model-package is a class used by the PatientControl-
lerjava class in the controller-package to convert the medical records in the
database to a file system in the server as PDF files.
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Contrulle—

[iew-CaverT]

ShowRecordScene.fxml

PatientScene.fxml

Journalsystem

LoginScene.fxml

+ startistage . Stage) : void
+ main(args : String[])

SearchScene.fxml

void

AdminScene.fxml

1e.fxml

PatientController

SearchController

+ setController{controller
+ updatePdfs() : void

- logQut() : void

Controller) : void
- getSelectedJournalType(newRecord : boolean) : String

- printPdf(list : ArrayList<JournalRecord=>, journalType : String) : void

+ setController(controller
- search() : void

+ viewPatientJournal() : void
+ logOut() : void

Controller) : void

\l/v controller

x
- controller

LoginController

ontroller

Controller

+ setController{controller : Controller) : void

- login() : void

+ logOut() : void
# getlUser() : User
# savellser(user : User) : void

# getlserList()

# getPatient() | Patient

# resetPassword{user

# getTitles() . ArrayList<String=
#writePDF() : void

#removellser(user : User) . boolean
ArrayList=User=

# searchPatientByPersonNumber(personMNumber : String) © Patient
# searchPatientByMName(firsthame : String, lastName : String) : ArraylList<=Patient>
# getPatientHistory(patient . Patient) : ArrayList<JournalRecord=
# setPatient(patient : Patient) : void

+ loginfusername : String, password : String, ro\e\: mt) : woid

+ logQut() : void

of the other specific

[This controller performs
system operations on behalf

controllers associated with it

AdminController

setController(controller : Controller) : void
logOut{event . ActionEvent) : void

# savePatient{patient : Patient) : void
# removePatient{patient : Patient)
# getPatientList() : ArrayList<Patient>

# getJournalCategories() | ArrayList<String>

# saveRecord(record : JournalRecord) : void

# removeRecord(record : JournalRecord) : void
# showRecord(record : JournalRecord) : void

# showDialog(dialogTitle : String, message : String, buttonText © String) © int
User) : void

boolean

savellserChanges() . void
savePatientChanges() : void
newlser() : void
newPatient() . void
removelJser() : void
removePatient() | void
resetPassword() : void

I I

ShowRecordController

+viewdournalRecord(record ;. JournalRecord) : void

DialogController

+ cancel() : void
+ sign() @ void

[ Moderiaverill

JournalDocWriter

- patient : Patient

- patientHistory . ArrayList<JournalRecord>

+ JournalDocWriteripatient ;. Patient, patientHistory . ArrayList<JournalRecord=, journalType : String)
+ createPdf{filename : String) : void

JournalRecord

- journallD : int

- journalText : String
- signed : boolean

- category : String

- journalType : String
- patient : Patient

- user: User

AL
)

* {ordered}

+

JournalRecord()

+ JournalRecordi{date . Date, patient . Patient, text ;. String, user . User, category | String, journalType : String)

1. 1.* Patient
1 - patientD : int
- firsthlame : String
- lastName : String
- active : boolean
1 - - carePerson : User
- personMumber : Persontumber
+ Patient(firsthame : String, lastName : String, birthDate . Date, uniqueDigits : String, carePerson : User)
PersonNumber
- unigueDigits : short
1 1 + PersonMNumber()
+ PersonMumber{persontumber : PersonMumber)
User + checkPersonMumber{persontumber : String) : Personhumber

- userlD : int

- username : String

- firsthlame : String

- lastName | String

- password : String

- userPrivileges : boolean[]
- title : String

- active : boolean

DatabaseHandler

+
+
+
+
+

R b A b+ o+

hasAdminRights() . boolean
canWriteDocdJournal() : boolean
canSignDocJournal() : boolean
canWriteTreatJournal() : boolean
canSignTreatdournal() : boolean
canWriteCaredournal() : boolean
canSignCareJournal() : boolean
canWritePsyJournal() : boolean
canSignPsydJournal() : boolean

+

+ User(username : String, firsthame : String, lasthName : String) +

+
+
+

R A oF o+t

DatabaseHandler()

getAllUsers() : ArraylList<User=

setPassword(username : String, password : String) : void
getJournalCategories() : ArrayList<String>

getdournalTypes() : String[]

getPatientHistory{patient : Patient) : ArrayList<=JournalRecord=
getAllPatients() : ArrayList<Patient>

getTitles() : ArrayList<String=
searchPatientByPersonMumber(patient : Patient)
getlUser{username : String) : User
savellser(user: User) :int

removelldser{user : User) . boolean
savePatient(patient : Patient) : int
searchPatientByMNamel(firsthame : String, lastName : String) © ArrayList<Patient>
removePatient(patient : Patient) : boolean

saveRecord(record : JournalRecord) : int

removeRecord(record : JournalRecord) : void

resetPassword{user: User) : void

closeConnection() : void

Fatient

Figure 6.11: The systems logical division
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6.3 Database

Since we decided to use MySQL database and Sofiadngen had no previous da-
tabase set up, we installed and configured an instance of the MySQL communi-
ty server, which is an open source database. The database was located on their
Mac server.

6.4 Documentation

After we developed the system completely to the customer’s satisfaction, we
prepared System Requirement Specification (SRS) document (see Appendix A),
architecture document (see Appendix B), user manual and installation guide
document for the developed EMRS. The installation guide is very small and
easy so we decided to include it in the user manual.
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7 Conclusions

The goal of this degree project was to build an EMRS for a medical clinic (So-
fiadngen behandling och skola). The system was developed in accordance with the
requirement specifications and it fulfills all the requirements (including the look-
and-feel requirement of the GUI) given to us in the form of use cases and descrip-
tions. Of course, as always, some things could have been done better both code-
and design-wise if we had more time. However, we are completely satisfied with
the system we developed and so are our customers.

We used NetBeans IDE and JavaFX to develop the system. This turned out to be
very good choice for us, because eventhough it took us quite some time to learn
and to get started with Javafx (JavaFX is relatively new and there aren’t many use-
ful tutorials available that could help us in this project), we found JavaFX to be
easy to develop applications with.

The iterative work model led to our early development of a product we could
test and run. With small incremental changes, we could easily identify bugs in
the new versions. We think this model has worked well for this type of project
that requires flexibility and adaptation in which many additional requirements
came during the implementation phase. The result was successful and we were
able to deploy and test the system in the customer’s workplace even though we
still have to fix the URL issue (mentioned in chapter 5.6) so the system stores
the converted PDF files in the specified location rather than in a default loca-
tion, which we think is a minor problem that can be fixed.

7.1 Validity

We made sure that the system we developed satisfies the specified requirements
in the SRS by conducting system tests using test data. System testing was also
successfully demonstrated to our customer and our customers were more than
happy with the result. Hence we are believe that the system meets the custom-
er’s requirements.

7.2 Reliability

We can safely say that this system is reliable for a number of reasons. One rea-
son is we have tested all the features of the system on site, in customer’s work
place, and found the system to work perfectly without any system failure (ex-
cept for the issue described in chapter 5.6). Even though we have not conducted
acceptance testing yet, the customers have been testing and playing with the
system for a long time now and have not reported any system failure yet. Se-
cond reason is that the system users are very few (less than 10) and MySQL can
handle more than that number of concurrent users (threads) very easily [33]. We
don’t expect any workload related system failures. In case of system failure, the
data will not be compromised because it will be securely stored in the MySQL
database and will be backed up as PDF separated from the database.
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8 Future Development

In this section we will describe some of the areas that have been identified as in
need of further work but have been left for future development due to the time
limit and priority requirements.

8.1 Hash or encrypt Passwords

For now passwords in the MySQL database are stored as plain texts since the
database itself is protected by the security of the server. However, in the future
it would be better to use some encryption algorithm to store the passwords.

8.2 Logging for debugging
We have handled all the pre-defined error scenarios (that we could think of) that
can occur by sending informative messages to the user. Still the application can
be debugged more easily with some logging tool which can provide more de-
tailed information about the errors.

8.3 Support for the handicapped (Vision-impaired)
Right now the system has a fixed font size but in the future it would be more
convenient for the user to be able to change the font size.
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Appendix A: System Requirement
Specification (SRS)

Al. Introduction

Al.1 Purpose

The purpose of this document is to specify the requirements for an Electronic
Medical Record System (EMRS). The intended audience are Sofiaédngen’s staff
(http://sofiaangen.com/)

Al.2 Scope

The EMRS shall assist Sofiadngen staff to store and manipulate patient medical
records quickly and efficiently. The system shall give access only to authorized
personnel. The EMRS shall convert medical record to PDF.

A1.3 Definitions, Acronyms, and Abbreviations
EMRS: Electronic Medical Record System

GUI: Graphical User Interface.

REQ: Requirement

Al.4 References
No formal documents have been referenced in this document

Al1.5 Overview

This document provides a high-level description of the EMRS. It identifies the
involved users and explains their roles. It describes the general constrains and
any assumptions and dependencies there are on the system. The document then
describes the specific requirements.

2. General Description

A2.1 Product Perspective
The EMRS is self-contained software that stores and manages patient medical
records and is intended for use on any platform that supports java.

2.2 Product Functions
The following lists the main system functions:
e Patient and User registration: The system shall allow the registration
of new users and patients by an administrator.
e Medical Record creation: The system shall allow the creation and
management of psychotherapy, health (physical), treatment and nursing
(care) record and also shall enable the user to assign category to these
records.
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e Report generation: The system shall convert medical records to
Microsoft word.

e Authentication and authorization: The system gives access only to
authorized personnel.

2.3 User Characteristics

The EMRS will be used by Sofiaédngen treatment personnel
(behandlingspersonal) and since the system is small and has a user-friendly
GUI, no formal training is required but some practice is required by the user to
be able to use it properly.

2.4 General Constraints
The system must be user-friendly and intuitive.

2.5 Assumptions and Dependencies
It is assumed that the users have adequate skill with using computers and com-

puter software

3. Specific Requirements

3.1 Functional Requirements

REQ 1: Adding new patients — The system shall collect and display essential
demographic patient information such as: first name, last name and social
security number.

REQ 2: Adding new users — The system shall enable a new user to choose a
username and a password.

REQ 3: Privileges — The system shall allow the allocation of different patient
record creation privileges to users.

REQ 4: New patient records — The system shall allow a user (based on his/her
privileges) to create psychotherapy, treatment, medical and nursing records

REQ 5: Category choice — The system shall enable the user to choose a
category from a list for each new record being created.

REQ 6: Storing patient records — The system shall allow the user to save and
sign patient records. A saved only record can be edited but a signed record can
never be edited again.

REQ 7: Report generation — The system shall convert all patient records to
Microsoft Word.

40



3.2 Non-Functional Requirements

3.2.1 Security

REQ 8: Authentication and authorization — The system shall provide a means
to authenticate a user identity using a username and password before enabling
the user to perform any functions based on the user’s privileges.

REQ 9: Backup — The system shall ensure data protection by setting up a
backup system. Backup of EMR data should be automated within the system
wherever possible to ensure consistency

REQ 10: Control of data — The system shall provide full control over own data.
3.2.2 Reliability
REQ 11: Availability — The system shall be available at all times. (And there is

no need for accessing the system remotely through the Internet)

3.2.3 Economic Constraint
REQ 12: Expense — The system shall not incur recurring expenses
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Appendix B: Architecture Document
Architecture Document

Electronic Medical Record System
\ersion 1.0

Bl. Introduction

B1.1 Purpose

This is the Software Architecture Document (SAD) of the Electronic Medical
Record System (EMRS) developed for Sofiaédngen. It describes the software’s
architecture, i.e. it gives a comprehensive architectural overview of the EMRS.
It is intended to capture and convey the significant architectural decisions
which have been made on the system.

B1.2 Scope

The scope of this SAD is to outline to the overall design of the system
considered to be architecturally significant. It contains information relating to
the architectural design of the software, the Structure of the Database, and of
the physical server hosting the database.

B1.3 Definitions, Acronyms and Abbreviations

EMRS: Electronic Medical Record System

SAD: Software Architecture Document

UML.: Unified Modeling Language

MVC: Model View Controller

MySQL.: Relational database management system (RDBMS)

ACID: Atomicity, Consistency, Isolation, Durability

SSN: Social Security Number

FXML: XML-based language for describing user interfaces in JavaFX
platform [2]

B1.4 References

[1]  Sornmeville lan, Software Engineering, 9™ Edition, New York, Pearson
Education, 2011

[2] Oracle, ”JavaFX 2 Documentation”, http://docs.oracle.com/javafx/
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B2. Architectural Representation

This document details the EMRS architecture using the use case view, logical
view and deployment view, using UML diagrams where appropriate.

B3. Architectural Goals and
Constraints

B3.1 Technical Platform

The EMRS will be deployed as a platform-independent java jar-file on each
Sofiadngen computer and will be connected to a MySQL database installed on
Sofiadngen server.

B3.2 Transaction

Transaction will be handled by MySQL’s storage engine, InnoDB. MySQL 5.5
and later versions use it by default. It provides the standard ACID-compliant
transaction features.

B3.3 Security
Sofiadngen currently have a secure network which allows access to authorized

personnel only and this EMR system will reside within the security blanket of
this network but even so, the application will also implement some basic securi-
ty features, such as

e Authentication: Login using at least a user name and a password

e Authorization: according to their privileges, users must be allowed to
perform some specific actions.

B3.4 Persistence
Persistence of data will be handled by creating a relational database in MySQL.
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B4. Use Case View

This view describes the use case view of the software architecture, that is, it
describes the set of scenarios and/or use cases that represent some significant
functionality of the system.

B4.1 List of Use Cases
The use cases in this system are listed below:
Login (as admin or as a user)

Create/edit patients
Enter full name and ssn
Assign care-giver
Create/edit users
Choose username and password
Assign, read and/or write Patient record, privileges
Enable/disable patients and users
Search patients by name and/or ssn
. View/read patient records
. Write/edit patient records
. Assign category
. Save/sign, create new or edit existing records

©oN R WNRE

el ol
W N RO
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B4.2 Use Case Diagram
The following diagram depicts the use cases in the system.

uc EMRS UseCase Diagram )

EMR System
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B4.3 Use Case Description
The architecturally significant Use Cases are described below.

1.

Login

This Use Case occurs when the administrator or a user wants access to
the system. The system requires a username and a password to
authenticate the user and give access to the system based on his/her
privileges.

Create/edit patients

This Use Case occurs when an administrator wants to create a new
patient or wants to edit a patient’s profile. A patient’s full name and
social security number is required for a new patient. A care-giver or
responsible personnel is assigned to the newly created patient.

Create/edit users

This Use Case occurs when an administrator wants to create a new user
or wants to edit a user’s profile. This requires choosing a username and
password by the user being created.

Assign read and/or write Patient record privileges

This Use Case occurs when an administrator is creating/ editing a user
and wants to give the user different writing and/or reading privileges
regarding patient records (medical, psychotherapy, treatment and
nursing/care)

Search patient by name and/or ssn

This Use Case occurs when a user wants to find or search for a patient
using either name/ssn only or using both name and ssn.

View/read patient records

This Use Case occurs when a user has already searched for and found a
certain patient and wants to see or view this patient’s records.

. Write/edit patient records

This Use Case occurs when a user has already searched and found a
certain patient and wants to write new patient records for this patient or
when the user wants to edit a saved patient record. For each new patient
record created, a category must be assigned from a list of categories.

Save/sign, new/edited, records

This Use Case occurs when a user has already searched and found a
certain patient and has written a new record or edited a saved record for
this patient and wants to save or sign the new/edited patient record. A
saved patient record can be edited while a signed record can never be
edited.
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B5. Logical View

This view shows and describes the composition of the most important classes in
packages and subsystems, and the organization of these subsystems into layers.
The logical view of the EMRS is made up of the 3 main Layers: View layer,
Controller layer, and Model layer based on MVC architecture pattern [1]. The
MVC pattern separates elements of the system, allowing them to change
independently. For example, adding a new view or changing an existing view
can be done without any changes to the underlying data in the model. The
layers are implemented as packages.

Class diagrams are also included to illustrate the relationships between
architecturally significant classes and packages (layers).

B5.1 Architecture Overview — Package Layering

The diagram below shows the system (functionality) organized into separate
layers, and each layer only relies on the facilities and services offered by the
layer immediately beneath it.

pkg

View-L

Controller-

Model-L_

B5.2 Architecturally Significant Design Packages (Layers)

B5.2.1 View (View Layer)

This layer is responsible for receiving mouse and keyboard input data and/or
commands from end users to the system and presenting output results from the
system to the end user.
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This layer contains 6 fxml files. These files define the user interfaces of the
system. It also contains one java class with the main method hence it is
responsible for starting the application.

View|
ShowRecordScene.fxml g1 SearchScenefxml
— 1
+ start{stage - Stage) : void [ = —
+main(args ; Stringf) : void
; PatientScene.fxml DialogScene.fxml AdminScene.fxml
LoginScene.fxml —
[ ]

B5.2.2 Controller (Controller Layer)

The controller manages access to the model and the view and coordinates the
flow of data between them. The view is updated by the controller with data
from the model based on user input.

The following diagram shows the class diagram of the classes in this layer and
their associations. The classes show only the important methods and fields.
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[ ContrllerCayer]

PatientController

SearchController

+ sefController(controller - Controller) : void

- getSelectedournalType(newRecord : boolean) : String

+ UpdatePdfs() : void

- printPdf{list: ArrayList<JournalRecord=, joumalType : String) : void
-logOut() : void

+ setController{controller - Controller) - void
- search() - void

+viewPatientJournal() : void

+logOut()  void

This controller performs
system operations on
hehalf of the cther
specific controllers
associated with it

" - controller

N

Controller

LoginController

+ setController{controller - Controller) : void
-login(): void
+logOut() - void

+login(username : String, password : String role - int): void
+logOut() : void

# getUser(): User

#saveUser(user: User) - void

#removeUser(user: User): boolean

# getUserlist() ArayList<User=

# searchPatientByPersonhumber(personiumber - String) : Patient

# searchPatientByNams(firstName : String, lastiame : String) : ArayList<Patient=

# getPatientHistory(patient : Patient) . ArrayList<JournalRecord>
# setPatient(patient - Patisnt) : void

# getPatient() : Patient

#savePatient(patient - Patient) : void

#removaPatient(patignt - Patiant) - boolean

# getPatientList(): ArayList<Patisnt>

# getJournalCategories() : AmayList<String>
#saveRecord(record . JournalRecord) : void
#removeRecord(record - JoumalRecord)  void
#showRecord(record: JournalRecord) : void

#showDialog(dialogTitle : String, message : String, buttonTaxt : String) : int

#resetPassword(usar - User): void
#qetTitles() : ArrayList<String>
#writePOF() - void

AdminController

+ sefController(controller - Controller) - void
+logQOut{event - ActionEvent) - void

+ savelJserChanges()  void

+ savePatientChanges() . void

+ newlUser() : void

+ newPatient() : void

+ removelser() - void

+ removaPatient() - void

+ resetPassword() - void

ShowRecordController

+viewJoumnalRecord(record ; JoumalRecord) : void

DialogController

+ cancel() : void
+sign() : void
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B5.2.3 Model (Model Layer)

The model manages the behavior and data of the application, responds to
requests for information about its state from the view, and responds to
instructions to change state from the controller. It also accesses the database
and the server’s file system directly to store and retrieve information. The
diagram below shows the important classes in the model layer with their
associations
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Mod

JournalDocWriter

- patient: Patient
- patientHistory : ArrayList<JournalRecord>

+ JournalDocWriter(patient - Patient, patientHistory : ArrayList<JounalRecord= journalType : String)
+ createPdf(filename : String) : void

JournalRecord

- joumallD - int

- joumalText : String
-signed : boolean

- category : String

- journalType : String
- patient : Patient

- user: User

+ JournalRecord()
+ JournalRecord(date : Date, patient : Patient text String, user : User, category : String, journalType : String)

7\

1.2 1.7 Patient

1| -patientD: int

- firsthlame : String

- lastName : String

- active  boolean

- carePerson : User

- personiMumber: PersonMumber

+ Patient(firsthame : String, lastName : String, birthDate : Date, uniqueDigits : String, carePerson : User)

PersonNumber

- uniqueDigits : short
1 1 ‘ + Personhumber()

+ PersonMumber(personiMumber - PersonMumber)

User + checkPersonhumber(personiNumber : String) : Personiumber
_userlD - int + getBinthDate() : Date
- username : String + setBirthDate(birthDate : Date) : void
- firstName : String + getUniqueDigits() : short
- lasthName : String + setUniqueDigits(uniqueDigits : String) : void
- password : String + setUniqueDigits(uniqueDigits : short) : void
- userPrivileges : boolean(]
L sl DatabaseHandler
-active : boolean
+ User(username : String, firsthame : String, lasthame - String) + DatabaseHandler()
+hasAdminRights() : boolean + getAllUsers() . ArrayList<User>
+ canWriteDocJoumnal() : boolean + setPassword(username : String, password : String) : void
+ canSignDocdournal()  boolean +getJournalCategories() : ArrayList<String=
+ canWriteTraatJournal(): boclean + getJournalTypes() . String(]
+ canSignTreatJournal() : boolaan + getPatientHistory(patient : Patient) : ArrayList<JoumalRecord>
+ canWriteCareJournal() ; boolean + gethllPatients() - Araylist<Patient>
+ canSignCareJournal() : boolean + getTitles() . ArrayList<String>
+ canWritePsyJoumnal() : boolean + searchPatientByPersonhumber(patient : Patient) : Patient
+ canSignPsyJoumal() : boolean + getUser(username : String) : User

+ savelser(user: User) : int

+removeUser(user - User) : boolean

+ savePatient(patient : Patient) - int

+ searchPatientByMName(firstName : String, lasthlame : String) - ArrayList<Patient=
+removePatient(patient : Patient) : boolean

+ saveRecord(record : JournalRecord) : int

+removeRecord(record : JournalRecord) : void

+ resetPassword(user - User) : void

+ closeConnection() : void



B5.3 Deployment View
The EMR system is deployed as a jar file on every workstation while the

MySQL database is installed on a Mac server.
The UML deployment diagram below shows the deployment of the EMRS on

the workstations and on the Mac server.

pkg

Workstation

EMRS as Jarfile 5 ]

Wi-fi / Ethernet

Y )
s - 4

Mac Server

MySQL server 3 |
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Appendix C: Sample Source Code

=

ok patient:

( Fylli de falt som du vill séka efter )

Logga ut

X

\

Personnummenr: Farnamn: Eftermamm:
\[A.&A.&MM DD-XXXX)
N~ /
\ /
Sok
Resultat:
Personnummer Fdmamn Efternamn

Figure C1 The search scene/view. Here the different search fields are circled.
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<7iml version="1.U" encoding="UTK-4§"7?%

<?import java.lang.*?

<?import java.net.*?s

<?import java.util.*?

<?import javafx.scene.control.*?3
<?import javafx.scene.layout.*?»
<?import javafx.scene.paint.*?>
<?import javafx.scene.text.*?r

<AnchorPane id="AnchorPane" maxHeight="-Infinity" maxWidth="-Infinity" minHeight="-Infinity" minWidth="-Infinity" prefHeight="484.0"
prefilidth="505.9998779296875" xmlnz:fx="http://javafx.com/fxml" fx:cont:ulle:=”jg&;ﬁg&;ﬁgﬁ;&.ccntrcller.Searchﬂontroller”>
<children>
<TextField fx:id=“2erNumSearchField“ layout¥="63.0" layout¥="152.0" onKeyPressed="#keyPressed" prefilidth="118.0" />
<TextField fx:id="fNamebearchField" lavout¥="195.0" layout¥="152.0" onKeyPressed="#keyPressed" prefilidth="110.0" /¥
<TextField fx:id="1NameSearchField" layout¥="318.0" layout¥="152.0" onFeyPressed="#keyPressed" prefilidth="156.0" />
<Button layout¥="434.0" layoutY="187.0" mnemonicParsing="false" onkction="¢search' text="3gk" />

MISSING CODE HERE

¢/childreny
<atylesheetay
<URL value="Gpatient.gsg" />
</styleshestsy
</AnchorPane

Figure C2 The FXML file, SearchScene.fxml, which defines the user interface in figure C1
(the red-circled part)

54



puklic class SearchController implements Initializable, ControlledScene

{

BFXML

private TextField perMumSearchField, fNameSearchField, 1lNameSearchField:;
—
[EFXML
private Button chooseButton;

MISSTNG CODE HERE

BFXML

Erivate void searchit
i
String perHumInput = perNumSearchField.getText ()

String 1NameInput = lHNameSearchField.getTextc () :
String fHNameInput = fHNameSearchField.getText () :

hrrayList<Patient> searchResults = new ArrayList():
try
i
if ('perMumInput.isEmpty())
{
searchResults=s.add (controller.searchPatientEByPersonNunber (perHumInputc) ) ;
}
el=ze if (!'1HMameInput.isEmptv() || !'fHameInput.isEmptyv())
1
searchResults = controller.searchPatientByName (fHNameInput, l1lHNameInput) ;
}
}
catch (Exception e)
i
errorLabel.setText (e.getMessage () )
errorLabel.setTextFill (Coloxr.RED) ;
}

fillSearchTable (searchResults) ;

MISSTING CODE HERE

}
Figure C3 shows the controller file (SearchController.java) of the FXML file,
SearchScene.fxml, shown in Figure 11
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pukblic classz DatabaseHandler

I
MISS5ING CCDE HERE
public Patient searchPatientByPersonNumber (Patient patient) throws Exception
| {
S5tring guery = t name, "
+ :sa:.;as: name "
+
+
+
+
PreparedStatement stmt
Patient resultPatient = new Patient():
try
{
stmt = dbCon.prepareStatement (query) ;
stmt.setDate (., patient.getBirthDate())
stmt.setShort (2, patient.getUnigueDigits()):
BesultSet result = stmt.execute(uery ()
result.next () ;
resultPatient.setBirthDate (result.getDate ("Rizhhdakse™) )
resultPatient.setUniqueDigits (result.getShort ("unigue digits"));
resultPatient.setFirstName (result.getS5tring ("pat _name™});
resultPatient.setlastName (result.get3tring("patient.last name")) ;
User carePerson = new User(result.getString("ussinams")):
carePerson.setFirstHame (result.getString ("user.first name"))
carePerson.setlascName (result.get5tring ("user.last name")) ;
resultPatient.setCarePerson(carePerson) ;
}
catch (Exception e)
{
stmt.clozse () !
throw new Exception("Ingen konkakh med databassn™):
}
stmt.close ()
return resultPatient;
}
MISS5ING CODE HERE
}

Figure C4 The database handler file of the system showing only the method that gets a
patient by social security number.
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Appendix D: Sample generated MR
PDF

JOURNALANTECKNINGAR 1

“ Johanes John
Sofiaidngen
BEHANDLING ™~ SKOQOLA

Sofiasingen AB
Bergsunds Strand 43 A

428 86 50

2013-01-01 Bakgrund A new patient has come to our center and this his first entry

jemal Saleh

Konsultlikare

2013-02-02 Beslut the patient seems to adapt quickly to his new school very well.

jemal Saleh

Konsultlikare

2013-03-03 Daganteckning Testing testing testing testing testing testing testing

jemal Saleh teshing tesh:ng tes.'n:ng teshing tesh:ng tes.'h:ng teshing teshing test?ng

Konsultlikare testylg testl_ng testmg testylg testl_ng testmg testylg testmg testglg
testing testing festing testmng testing testing testing testing testing
testing testing testing testing testing testing testing testing testing
testing testing festing testing testmg festing testing testing testing 2013

2013-05-09 Aktuellt testing testing testing testing testing testing testing testing

jemal Saleh teshing tesh:ng testmg test@g tesh:ng testmg test@g testmg test?ng

Konsultlikare testing testing testing testmg testing testing testing testing testing

testing testing testing testing testing

Figure D1 A sample patient's medical records in PDF format. The red circled part is the
header that appears on every new page.
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Appendix E: Survey

Melior
Skine

Giivleborg

Viistra Gitaland

TakeCare
Stockholm 2.389.187
Dalarna (infiirs 2012-2013) patienter

Gotland i

Cosmic
Jonkoping
Kalmar
Kronoberg
Upgpsala lin
Viirmland
Viistmanland
Ostergicland

SYSteam Cross ‘
Blekinge

Strmland

Viisterborten
Viisternorrland

Statntborn a0 hiviad fin 508 och SKL

Sthroma giler 2010

Tappar mark

vas I

Halland,
Jimeland (Ska byta)
5 Notrbotten
£
&
£ Infomedix _J 280.230
< Orebro %

Figure E1 Regions that have chosen the same system for all healthcare documentation in the
county.
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