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Abstract:

The Radiology Information System (RIS) software presented in this thesis aims to enhance
the efficiency and effectiveness of radiology departments within medical institutions. Designed
to address common challenges in the field, the RIS software offers comprehensive
functionalities, including patient registration, scheduling, tracking, order management, billing,
and reporting. By streamlining these processes, the software significantly improves operational

workflows, reduces administrative burdens, and enhances patient care.

Despite the numerous advantages, traditional RIS software also faces several challenges,
such as outdated user interfaces, portability limitations, and communication gaps between
clinic staff members. This thesis provides a detailed analysis of these issues and discusses

solutions to overcome them.

Overall, this thesis demonstrates the vital role of RIS software in modernising radiology
departments and underscores its potential to significantly contribute to the medical field. This
work provides a comprehensive overview of the software's capabilities and its impact on

healthcare delivery.
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Résumeé

Le logiciel de Systéeme d'Information Radiologique (RIS) présenté dans cette thése vise a
améliorer I'efficacité et I'efficience des départements de radiologie au sein des institutions
médicales. Congu pour répondre aux défis courants du domaine, le logiciel RIS offre des
fonctionnalités complétes, y compris I'enregistrement des patients, la planification, le suivi, la
gestion des commandes, la facturation et les rapports. En rationalisant ces processus, le logiciel
améliore considérablement les flux de travail opérationnels, reduit les charges administratives

et améliore les soins aux patients.

Malgré les nombreux avantages, les logiciels RIS traditionnels rencontrent également
plusieurs défis, tels que des interfaces utilisateur obsolétes, des limitations de portabilité et des
lacunes de communication entre les membres de la Clinic. Cette these fournit une analyse

détaillée de ces problemes et discute des solutions pour les surmonter.

Dans I'ensemble, cette these démontre le role vital du logiciel RIS dans la modernisation des
départements de radiologie et souligne son potentiel a contribuer de maniére significative au
domaine médical. Ce travail offre une vue d'ensemble compléte des capacités du logiciel et de

son impact sur la prestation des soins de sante.

Mots clés

Systeme d'information radiologique (RIS), Enregistrement des patients, Gestion des rendez-
vous, Planification, Suivi des patients, Gestion des ordres, Facturation, Rapport, Soins aux
patients, Interfaces utilisateur, Limites de portabilité, Lacunes de communication, Imagerie
numérique et communication en médecine (DICOM), Health Level Seven (HL7), Systéme
d'archivage et de communication d'images (PACS), RIS basé sur le Web, Java, Oracle Database
21c Express Edition, HTML, CSS, JavaScript, Figma, GitHub, Visual Studio Code, Serveur
Apache Tomcat, IntelliJ IDEA, Détails des patients, Revenus de la clinique, Revenus des

médecins, Gestion des taches de la clinique, Services de chat, Génération de rapports.
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Abreviations list

RIS - Radiology Information System

HL?7 - Health Level Seven

PACS - Picture Archiving and Communication System
DICOM - Digital Imaging and Communications in Medicine
HTML - HyperText Markup Language

CSS - Cascading Style Sheets

JS - JavaScript

DB - Database

IDE - Integrated Development Environment

UML - Unified Modelling Language

HTTP - HyperText Transfer Protocol

AJAX - Asynchronous JavaScript and XML

API - Application Programming Interface

RAM - Random Access Memory

CPU - Central Processing Unit

JSON - JavaScript Object Notation
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The development of health care has become essential these days so humans can have a better
life, and this development has touched on different aspects of the medical field, like medication,
treatment procedures, and devices used, all of which led to better treatment quality. But another
problem showed up after the development of the last aspect mentioned, which is the waiting
time that patients have to wait to get their reports and all their papers ready, which has become
so long due to all the paper needed and to human limitations when it comes to sorting and
storing patient data quickly. That is what led to the development of a software called RIS, or

radiology information system software.

Radiology information systems software (RIS) stand at the forefront of this evolution. They
offer an indispensable tool to medical professionals for managing patient data. They serve as
software solutions developed to facilitate the storage and analysis of radiological patient

information.

A. Problems:

Although RIS is a critical component of modern healthcare infrastructure and health IT,
it has some very bad problems that will impact the desire to use this software, and maybe

it will lead to aversion by the clinic worker after years of using it.

One of the primary problems is that this software is most of the time, desktop-based
and tied to local servers. This presents a big limitation in terms of portability that will lead
to spending hours facing your desktop writing reports, and | personally saw some workers
during my visit to one of the clinics in my region using pillows to support their backs and

reduce back pain.

Another problem that must be mentioned is the user interface. Most of the user
interfaces used, especially in my country, are exhausting and uncomfortable; they were
designed without any care for the agronomic aspects of the software. Since doctors do not
notice this aspect, even if they do, they do not complain about it because they are not
familiar with the software development field. They can pay more than 10,000 USD for
software that has frustrating interfaces that decrease the productivity of the clinic.
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B. Objective:

The primary objective of this thesis is to highlight the disadvantages of outdated RIS
software by presenting a new web-based RIS that focuses on streamlining the management
of radiological data and making the workflow and routine of the worker a lot more friendly

and faster with new interfaces.

Also, | seek to introduce innovative features such as portability of the software, real-

time communication (Chat), and more features that we will explore later.
C. Thesis structure:

In this thesis, we will focus on three chapters, and every chapter will help us achieve

our objective:

e First chapter: We will have an overview of the radiology information software,
including its features, the problems he solved, and the problems he caused or did
not solve yet.

e Second chapter: We will have a look at the architecture and structure of my
radiology information system software to get a clear understanding on how it
works.

e Third chapter: At the end, we will see all the tools that have been used to develop

this web-based RIS, and we will also explore all the software interfaces.
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Chapter 01

Overview of the Radiology Information
System (RIS)
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Introduction:

Radiology information system software is the backbone of modern radiology departments.
This tool centralizes the data generated from the radiology department. More than that, it is

mainly used to streamline daily operations and remove papers from the clinic by storing,
managing, and sharing patient records in a numeric form. [1]

Figure 1.1: Some RIS software interfaces obtained from:

https://www.softlinkinternational.com/ris-radiology-information-system-software-workflow/

The structure of the software changes from developer to developer, but the main

functionality the RIS must possess is, in most cases are the same. The radiology software will
contain modules covering the following processes:

Patient
registration

Patient
tracking

BEIE]
sharing

Billing

Scheduling

Order
tracking

Reporting,
analytics

Figure 1.2:The main functionalities of a radiology information system software obtained from

https.//www.altexsoft.com/blog/radiology-information-system/
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1.1 Problems solved by RIS software functionalities:

All RIS functionalities are designed to be a solution for problems that the radiology
department suffered from back in the day, and in this section, we will explore all of these
problems and how RIS solved them. All this is just to highlight their important role in
enhancing patient care and to gain valuable insight into the transformative impact of this system

on radiology practice.
1.1.1 Patient registration:

Patient registration is considered one of the initial steps that must be done to start getting
treatment, and due to the sensitive nature of this step, it must be error-free because the doctor
will use all the information that was given to provide you with a personalized treatment.
This step was usually manual, time-consuming, slow, and frustrating, and it caused a loss

of productivity. Here is in detail what they were facing before RIS:

e Handwriting registration: During the absence of the RIS software, clinic staff
members used to register patient information by hand by transcribing paper given by
the patient into clinic paper that can be used and understood by the doctors, and this
process is frustrating given the errors that can happen, like typing mistakes, which can
be hard to modify later, and missing information mistakes. All this can slow the
treatment or even stop it in some cases if the information is found to be wrong.

More to that, entering patient data manually was time-consuming and will make
employees focus more on paper work than giving treatment to patients.

e Slow search: Doctors use patient previous files to review patient progress, track
patient improvement, or even update some records and results, but due to the
abundance of search tools, this will increase the wait time for patients, decrease the
efficiency of treatment, and kill productivity.

e Duplication of Effort: When patients visit the clinic again, it is a good idea to use the
last obtained data from the last visit to reduce the effort of re-registering the patient
but in a paper-based environment checking patient exciting in the clinic archive each

time he visits the clinic is bottlenecks for the staff.
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This is why the clinic staff prefers to re-register the patient again rather than going
and searching for him in the archives, but this duplicate effort is not only time-
consuming but also increases the risk of having a contradiction in the information

obtained from the previous visit with the current visit.

After the integration of the RIS in the health care system, patient records were digitalized,
which opened the door to a searching and sorting algorithm to provide the doctors and all
the staff with quick access to patient records, which reduced the wait time and, as a

consequence, increased the efficiency of the treatment.

Also, digitalizing the records helped in error rectifying and stopped the duplication effort
since it became easy to find patient last records and prevented the staff from going through
all those archives. And for the handwriting registration problem, RIS provided the staff with

electronic forms that were easier to fill out rather than writing all the information by hand.

1.1.2 Patient Scheduling:

Patient scheduling is an important module in the radiology department, and it needs to
be done efficiently since any problem can crash the workflow. Here are some challenges

that the radiology department faced before RIS:

e Double Bookings: due to the absence of a centralized system that checks for conflict,
appointments were handled by books and calendars, and that caused a double-booking
problem, which is when two patients were registered in the same time slot. This
problem accrues specifically in a busy health care environment where
miscommunication and misreading of the calendar can happen. Double booking can
cause confusion and delay, and in some cases, it can cause conflict between patients.

e Missed Appointments: due to the communication gaps between staff and patients
and the inefficiencies in appointment reminders. Patients may forget about their
appointment or fail to receive reminders and come late for the examination. All this

can cause confusion and more conflict in the radiology department and can shift the
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effort of the clinic staff members from focusing on providing patient care to focusing

more on solving those conflicts.

All these problems were solved by the implementation of RIS software; now scheduling
is done automatically with algorithms that were designed to accept rules from doctors and

nurses to help them schedule patient appointments based on these rules, for example:

Rule 01: Schedule patients only on those days [Sunday from 8 am to 1 pm, Monday from
2:00 pm to 4:00 pm, etc]

You can also go deeper, like this:
Rule 02: Schedule any [CT scan abdominal procedure] only on Sunday.

Also, RIS has helped in managing conflict because it is a lot easier and faster for
computers to check available time slots. More to that, if you accidentally or forcibly try to
register two patients in the same time slot, RIS will notify you immediately.

RIS also reminds patients of their appointments by sending automatic emails and SMS
messages to them when the appointment date approaches.

All these features have helped reduce conflict, confusion, and patient waiting time. They
have also made clinic staff members focus more on providing better health care for patients

than handling all these problems.
1.1.3 Patient tracking:

Knowing your patient's position and location in the radiology department is a good thing,
and in some cases, it can accelerate the treatment, but without that information, some
problems may occur. Some of those problems are:

o limited visibility on patient statuses and locations: Back in the day, clinic staff used

to use handwritten notes and papers just to register and track patient status [patient
register, patient check-in, patient exam in progress - exam completed etc] and that was

causing a short and limited visibility on patient status in the clinic and also increased
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wait time. Doctors do not know where the patient is unless they receive a paper or a
note from another staff member that dealt with the patient.

e Unnecessary searching: Often staff members go and search for the patient in all the
radiology department services just to know their treatment progress, which is an
unnecessary effort.

The implementation of centralized software like RIS that can be accessed from anywhere
to track patient status has made the "limited visibility on patient statuses and locations"
problem not a big deal anymore since changing the status from any radiology department
service using the RIS tracking feature will make the patient status visible to all RIS users,

and that will prevent the "unnecessary searching” problem as well.
1.1.4 Order tracking:

Tracking procedures and treatments that your patient has done is called order tracking,
this process is very important because it will let you check whether the patient received the
appropriate treatment or not and if the patient received good care or not. But in a paper-
based environment, this will decrease productivity and result in treating only a few patients

because checking patient treatment from papers will be time-consuming and frustrating.

RIS provided a solution for this type of problem since RIS already stores patient files in
a numeric form. It is easy to display those files on a computer, sorted by time, and also to
facilitate the navigation of these files. As a result, this solution will decrease the treatment

time and increase productivity, which means treating more patients.

1.1.5 Billing:

This process is sensitive since we are dealing with department money, and mistakes could
cause delayed reimbursements and financial losses. Back in the day, before having a RIS,

this module was prone to errors and a lot of problems. Here are some:
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e Manual billing process: Manually entering and calculating bills is very risky since
this procedure forces you to deal with a lot of big numbers. Also, since it is a paper-
based environment, misreading mistakes are common but are also very dangerous,
especially when dealing with money, so you must focus when doing this process,
which means it will be time-consuming.

e Difficulty in Identifying Billing Errors: Identifying billing errors was done
manually back in the day, which made detecting and finding errors even more
difficult, time-consuming, and effort-consuming than calculating bills manually. All

that was due to the absence of automated error detection mechanisms.

Without a doubt, the RIS contribution to this module was noticeable. RIS has automated
this process by using functions designed to detect errors and give better results with more
accuracy, less errors, and less manual effort.

Now clinics won't have to worry about detailing their bills, which will lead to maximizing

clinic revenue.
1.1.6 Reporting and analytics:

Reports that were created by doctors in the radiology department represented a detailed
conclusions and observations for patient medical images. Before the advent of Radiology
Information Systems (RIS), writing and analysing those reports was challenging. Here is

why:

e Manual Report Generation: Reports were written by hand back in the day, and that
was time-consuming and prone to typing mistakes and misinformation mistakes. Also,
correcting those reports is so frustrating. All these problems affect the productivity
and the waiting time, causing a delay in treatment and a decrease in the number of
patients treated.

e Paper-based reporting systems: Using paper-based reports has stopped the clinic
from automating trend analysis, performance tracking, and identifying areas for
improvement, all due to the nature of the data. The only way to do those analyses was

manually, which required a lot of effort.

Page 10



Those problems were targeted by the RIS software. He provided doctors with text editors
to facilitate writing reports and error-rectifying them. RIS also provided automated report
templates, which are standard premade reports; doctors will just need to personalise them
for each patient. Also, RIS comes with dictation tools, allowing radiologists to write reports

quickly and accurately.

In addition to that, RIS provided clinic staff members with statistics and analysis tools
that helped streamline the radiology department workflow, improve patient care outcomes,
and give you a better understanding of what aspects you need to develop more to enhance

department performance.
1.1.7 Data sharing:

Radiologists often share data between them, or in some cases, departments share data
with another department, but in the absence of a RIS, this process had some challenges back

in the day. Here are some:

e Physically transfer data: In the absence of RIS, the common approach to sending
data is to physically print and copy them if you are planning to share those data hand-
to-hand, but another approach is to manually fax them. Both of these approaches are

time-consuming and also effort-consuming.

e Security: Those transfer methods are vulnerable to interception without encryption
mechanisms; data will be at risk of losing confidentiality and privacy, and they can be
accessed by any unauthorised third party, which is a very big problem, especially in

health care.

The RIS solution to these problems was using encryption algorithms to solve the security
problem, but about the “physical transfer of data” problem, RIS developed to be able to
communicate with other health care systems easily by using a standard protocol to

communicate with them called HL7 (Appendix 6),s0 that sending data to any
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department safely won't be a problem, and thatimproved collaboration between

departments and reduced the treatment time.
1.2 Challenges Faced and Unresolved by RIS Software:

RIS also like any software have some bad sides and this is what i think that must be
highlighted in this thesis because by addressing those bad sides RIS can be re-designed again
to solve those issue and improve patient care, in this section we are going to explore some

along with real-life examples:
1.2.1 Outdate User Interfaces:

Some RIS software developers tend to neglect designing a good user interface that will
satisfy clinic staff members. That seems unimportant to some developers, but it is highly
important because it will cause usability challenges. Clinic staff members will lose their
productivity due to the terrible and unorganised interfaces, which could potentially increase

error rates.

The clinic owner may pay thousands of dollars to increase the productivity of the clinic
and solve all the traditional issues by implementing a RIS solution, but at the end, due to the

bad interfaces, members will lose their productivity after some years of using the software.

More to that, because most of the clinic owners do not know about the field of software
development and good user interfaces, they accept any RIS software that has a low price,
and after some years, they start seeing fewer patients being treated due to the loss of
productivity. The big problem is that they will not easily know the cause of this problem.

Here are some examples to demonstrate more:
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Figure 1.5:Scheduling page from ADS MedicsPremie RIS software on
https.//www.adsc.com/practice-management-software

1.2.2 Portability Limitation:

The use of desktop-based RIS in clinics has resulted in a lack of portability within
Radiology Information Systems (RIS). From my observations, clinic workers often resort
to using pillows to relieve back pain because they spend long hours next to the computer
writing reports using frustrating interfaces.

This discomfort will impact the productivity of the worker and, in some cases, will lead
to errors. Also, workers were often unable to complete reports within a single day, leading
to a cycle of unfinished tasks carrying over to the next day.

All this can be solved by using web-based RIS, which can offer flexibility in writing
reports. You can even write reports on your phone when you are in a bus or even in your

house.
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Figure 1.6:Report page from my RIS Software that support portabilty

1.2.3 Lack of communication:

Communication between health staff is important to provide better and faster patient
treatment, but without a built-in messaging tool that can link clinic staff together, staff will
rely on other tools like phone calls, SMS messages, and emails, and this can be annoying to

some members.

For example, doctors don't like phone calls during exams, but with a built-in chat service,

texting all the clinic members becomes easy, faster, and more flexible.

Doctors or any members do not need to manually text each worker in the clinic to
dispatch a message to the team because RIS will allow you to create a conversation between
a group of members that you choose, and that conversation will be your bond. For example,
a doctor will open a conversation between him and a group of technicians that he usually
works with, and that conversation will be used only to share a message that concerns the

members of the conversation.
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This will result in better communication and better coordination between staff members
without unnecessary noises like yelling inside the clinic so your message can be heard by
all the team or any other annoying sounds like phone ringing. This will also result in a calm

environment for patients and, especially, for the worker. here is an example:
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Figure 1.7:mobile chat page from my RIS software

Page 16



Team Dashboard

wagih drefafia moharme
&
Ui arcad, Doctar (L s e svergtiong « 6t uy b 1he v
B, Aeythng shia | wowst b pmeass of T
Ve vbee

e Sl Pt
WEs  @in
Tmd ar

e

Figure 1.8:desktop chat page from my RIS software

1.3 Market Overview:

A lot of RIS software is available on the market, and the difference between them is in the
performance and the ergonometric of the interface, or what features it contains and how much
resource it will take. Also, the most important thing is what it can be integrated with.

Some developers use cloud-based RIS, where data gets stored on a remote server, while
others try to integrate the HL7 protocol (Appendix 6), which is just a protocol that people in
health care like to use to send data in a common format that can be understood by any health
machine or software that supports this protocol. This protocol will structure your patient data
in a common structure that can be read by anything that supports the HL7 protocol (Appendix
6).

Also, some people like to integrate PACS (Appendix 2) software with the RIS to store
patient DICOM (Appendix 1) images. These images have a big size that can reach to 2 GB for
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every exam, and RIS by itself cannot deal with this large data, so he collaborates with this
PACS (Appendix 2) software to manage patient data and all his DICOM (Appendix 1) exam

images.

The more you have extra features, more integrations, better ergonometric interfaces, and

good performance, the more expensive the RIS becomes. [1]. After doing my personal
research, | found out that the prices in my country go from USD $2,250 to USD $15,000, but

globally, most of the cases you pay monthly for your RIS software in the average of USD $300

each month. Here are some RIS for which | was able to find their prices on the internet:

Compare with a popular alternative

MedicsRIS
4.9 (16)

’A‘ VS.

USD $450.00

per month

STARTING PRICE

PRICING OPTIONS

Free Version Free Trial

22 TOTAL FEATURES

0 TOTAL INTEGRATIONS
4.8 (16) EASE OF USE

4.7 (16) VALUE FOR MONEY

4.9 (16) CUSTOMER SERVICE

CO
curve

~ Curve Dental
4.4 (275)

DENTAL®

USD $200.00

per month

Free Version Free Trial

74 ~

10 ~
D s427s)
I > 23 (279)

I 25 275)

Figure 1.9:Example of RIS price found on
https://www.capterra.com/p/121634/MedicsRIS/
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1.4 Conclusion:

In this chapter, we have introduced the RIS technology, how important it is in health care,
and its impact on improving productivity and treatment time by highlighting the problems that
clinic staff members were facing before RIS and how it addresses these challenges, such as
patient registration, scheduling, patient tracking, order tracking, billing, reporting and

analytics, and data sharing.

Then we shed the light on the problems that are still unresolved or caused by the RIS
software, like outdated interfaces, portability limitations, and the lack of communication tools
and how they will help the health care if they get solved, and we gave some real examples of

those problems.

At the end of the chapter, we mentioned the criteria that raise the price of this software and

how much it costs in our country.

In the next chapter, we will explore the design and architecture of our RIS project TRUST,
like the class diagram, use cases, and sequence diagram, as well as all the tools that have been

used to give you a better understanding of our software structure.

Page 19



Chapter 02

System Architecture and Design
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Introduction:

In this chapter, we will explore the system architecture and design of our radiology
information system (Trust) using some Unified Modelling Language (UML) diagrams, which
are, in this case, the use case diagram, sequence diagram, and class diagram for the RIS.
Each of these diagrams will help understand a different aspect of the software and clarify its

structure and architecture.

UML diagrams are universal tools that can help anyone understand the system with a
standardised modelling language that provides a set of conventions for drawing diagrams that
describe the structure and behaviour of a system, and in this case, they will be used to help

break down a complex system like RIS.

By employing these UML diagrams, we will not just enhance the readability of the software
but also help developers from all over the world collaborate and work on the same project by

using UML as a communication language.

In our case, because the project was done by one developer, UML will also help me organise
my thoughts and have a clear and wide view on my software, which will help me identify some

potential problems.
2.1 Use Case diagram:

The use case diagram provides a visual representation of the interactions between users
(actors) and the Radiology Information System (RIS). It can also be used as documentation for
our system since he highlights all the system's capabilities. The use case diagram can help you
list all the system functionality and understand the workflow clearly, which is why it is chosen.
Also, when dealing with customers, this diagram will help show that all client requirements are

met.
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2.1.1 Actors:

In our RIS software, we have identified 4 actors, and each of these actors has a specific

use case. We are going to explore each actor separately. Those actors are:

e Doctor

e Nurse

e Accountant

e Admin

Since the admin actor encompasses the roles of all three other actors, creating a use case
diagram for the admin would effectively mean creating a use case for the entire radiology
information system software on a single page. This approach would result in an unreadable
diagram due to the system's complexity, as the admin has access to all features.

Therefore, the use case diagram was split into three use case diagrams where each actor

has his own use case diagram.
2.1.2 Use Case Diagram explanation:

In the next Use Case Diagrams, we will mention all the use cases involving the nurse and
doctor and accountant as the actors. To enhance readability, here is some instructions to

clarify the use case diagrams:

e Blue use cases: represent direct use cases. These are the first actions that the actor
performs directly within the system.

e Red use cases: represent indirect use cases. These are the actions that happen only
when the direct use cases are performed and can be categorized based on their
relationship with the direct use cases:

¢ Include relationship: Some red use cases are necessary components of the blue
use cases. This means that whenever a blue use case is executed, the associated

red use case must also be executed.
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e Extend relationship: Some red use cases are optional they can occur only when
the blue use cases are executed, but they are not mandatory.

e Green use cases: represent also indirect use cases. These are the actions that can
happen only when red use cases are performed. Also, those use cases are always
optional, meaning they are completely subject to the will of the user or to system
behaviour example: the system may intervene to do certain procedure if any issue has
been detected.

e Orange use cases: represent indirect use cases. These are the alert messages that must

be executed after the execution of any use cases that require an alert.
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2.1.3 Nurse Use Case Diagram:

nurse's Use Case Diagram

View patient list

Extension points download patient
list

change table
column order

change table
colmn order

modify exam detaiis

~(change s
Ehange profie
pictur
resume automatic

fiiter appointment list

download appointment list

Ehange table column
order

_( deiete appointment

{(_ create appointment

downioad receipt

Create chat group

Figure 2.1: Use case Diagram for Nurse Actor




Examples:

e Blue use case: “view patient list” is one of the first interactions that the nurse can
execute. This use case will allow the nurse to see the patient list available in the
database and will also open the door for them to do other optional use cases like
downloading patient lists.

¢ Red use cases:

e With include relationship:” verify information” This is an indirect use case
because it can only happen when the login direct use case happens. Also, due to
the include relationship with the login, this use case must happen whenever there
is a log-in.

e With extend relationship:” Filter patient lists." This is an indirect use case
because it can only happen when the direct use case “view patient list” is
performed. Also, due to the extend relationship with the blue use cases, this
means that this use case can only happen with the will of the nurse, which means
it is optional.

e Green use case:” save modification” This use case is an indirect use case, which
means it can only happen when the red use case ‘view patient details” is performed.
Also, due to the extend relationship with the red use case, this use case is optional and
will be executed by the will of the nurse.

e Orange use case:” confirmation alert” This use case will be executed to alert the

nurse that the saving of the modification is successful.
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2.1.4 Doctor Use Case Diagram:

Doctor's Use Case Diagram

request

Login verify
information

patient fist

Extension points
patient detail
p
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Extension points

ad exam list

hange tal
olumn order

c
add fil
add note

nge profils ™
picture

Extension points

eale che
dd member:
nd chat

Figure 2.2: use case diagram for doctor actor
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Examples:

e Blue use case: “view exam list” is one of the first interactions that the doctors can
execute. This use case will allow the doctors to see the exam list available in the
database and will also open the door for them to do other optional use cases like
writing reports.

¢ Red use cases:

e With include relationship:” verify information” This indirect use case is
shared with all actors, and it is the only one available that has an include
relationship with the blue use cases.

e With extend relationship:” change table column order." This is an indirect use
case because it can only happen when the direct use case “view exam list” is
performed. This use case allows doctors to manage the column visibility of the
exam table and the order in which they want the columns to appear with.

e Green use case:” cancel modification” This use case is an indirect use case, which
means it can only happen when the red use case ‘view patient details” is performed.
This use case allows doctors to cancel the modification that they have made to the
patient's details.

e Orange use case:” warning alert” This use case will be executed to alert the doctor

that the modifications have been discarded.
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2.1.5 Accountant Use Case Diagram:

accountant Use Case Diagram

Refusing
request
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/
revenue list ’

Extension points
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filter statistics by date’)

Figure 2.3: Use case Diagram for accountant




Examples:

e Blue use case: “view clinic revenue” is one of the first interactions that the accountant
can execute. This use case will allow the accountant to check all the clinic revenue in
a specific date range. it also has extension points where you can perform other use
cases, like downloading the exam list, etc.

¢ Red use cases:

e With include relationship:” verify information” This indirect use case is
shared with all actors, and it is the only one available that has an include
relationship with the blue use cases. This use case is done automatically by the
software whenever you try to login.

e With extend relationship:” filter statistics by date” This is an indirect use case
because it can only happen when the direct use case “view statistic” is
performed. This use case allows accountant to update the statistic that are shown
on the page by changing their date range.

¢ Green use case:” refusing request” This use case is an indirect use case, which means
it can only happen when the red use case ‘verify information” is performed. This use
case represents a procedure that will be taken by the software when the verification

identifies that the actor is not a user.
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2.2 Sequence diagram:

A sequence diagram is one of the Unified Modelling Language (UML) diagrams that shows
how objects interact with each other to accomplish a certain functionality. It is essential,
specifically for developers, to understand the order of the operation and how data flows in the
software over time. In our case, where the software is RIS software, this sequence diagram will
show various entities like doctors, nurses, and accountants, as well as the web interfaces, the
web server, and the database server. The diagram will also ensure that all the software use cases

are optimised for readability and efficiency.

Due to the complexity of the software, it is hard to represent every functionality in a separate
diagram. That is why, in this section, | am going to put multiple use cases in one sequence

diagram.

Each sequence diagram will represent a web page on my web site, and every sequence

diagram will mention only the important use cases on the page, all this to enhance readability.

Since this approach does not violate the norms and rules of using a sequence diagram, |

found it better to represent most of the system use cases.
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2.2.1 patient page sequence diagram:

AJAX Request - patient details

getPatientUsingID()

atientDetails(

[IF MODIFICATION WAS SAVED] i

[Else]

Figure 2.4: sequence Diagram for patient page

Explanation:

Actors:

e Doctor: will use this page most of the time to see patient history.

e Nurse: will use this page most of the time to change patient details.

Object:

e User interface: patient interface.
e Patient servlet (Appendix 5): Java programme that will handle web-based requests

and generate dynamic content for patient interface.
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e DB controller: Java class that handle SQL transaction and executing queries like
selecting patient reports, exams, payments.
e Database Server: Used to store, access, and manage patient page data like patient

history.
Interaction (important one only):

e Click on patient: This feature allows you to display patient information like
identification, contact details, medical condition, previous exam, and reports in a
side pop-up by sending an AJAX request (Appendix 4) to the web server requesting
those data.

« Modify patient details: The side pop-up mentioned above will also give you the

right to modify patient information and send the modification back to the server.
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2.2.2 Exam page sequence diagram:

Figure 2.5: Sequence Diagram for exam page

Explanation:

Actors:

e Doctor: will use this page most of the time to create reports.

e Nurse: will use this page most of the time to create exams.

Object:

e User interface: exam interface.
e Exam servlet (Appendix 5): Java programme that will handle web-based requests

and generate dynamic content for exam interface.
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Interaction (important only):

e Create exam: In this interaction, data will be sent to the exam servlet (Appendix 5)
as an AJAX POST request (Appendix 4). The servlet will need to get the exam
information from the request using the getParameter () function, and then using the
connection that the DB controller has, data will be inserted into the database.

e Create report: In this interaction, the interface will send a HTTP GET request
(Appendix 3) to the exam servlet requesting the report editor page. The serviet will
have to create a report record in the database containing metadata about the report
editor, like the date of the creation and the ID, etc., and then send the page back to

the employee.

2.2.3 Appointment page sequence diagram:

Figure 2.6: sequence Diagram for appointment page
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Explanation:

Actors:

e Nurse: will be the only one to use this page to register appointments.
o Patient: He will have one role in this sequence diagram, which is accepting the

email coming from the nurse.

Object:

e User interface: appointment interface.
e Appointment servlet: Java programme that will handle web-based requests and

generate dynamic content for the appointment interface.

Interaction (important only):

e Create an appointment: The appointment page will allow nurses to register
appointments. The interface will send an AJAX request (Appendix 4) to the
appointment servlet. The servlet extracts the data from the request and calls the
createAppointment() function in the DB controller to save the appointment in the
database.

e Send an appointment receipt via email: For this interaction, an AJAX POST
request with the patient's email will be sent to the appointment servlet. The servlet
uses the JavaMail API to compose an email with details like the appointment date

and procedure name, and then sends it to the patient.
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2.2.4 Billing page sequence diagram:

GET billing page

pDate Data (new date range) |

Figure 2.7: sequence diagram for billing page

Explanation:
Actors:

e Accountant: will use this page to check clinic revenue and doctor revenue in a
specific date range. He will also use the page to know the progress of the clinic

during a specific date range.
Object:

e User interface: billing interface.
¢ Billing servlet: Java programme that will handle web-based requests and generate

dynamic content for the billing interface.
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Interaction (important only):

e Change date range in tab: This interaction happens when the user tries to see the
statistics and revenue of a specific date, so when he changes the date, an AJAX
request will be sent to the billing server. The server determines whether the request
is for doctor revenue, clinic revenue, or clinic statistics and calls the appropriate
DB controller method.

The data obtained will be formatted to JSON using the GSON API and then sent
back to the interface to update the page content.
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2.2.5 teams page sequence diagram:
Due to the complexity of the page, it will have three diagrams for each tab.

Profile tab:

Figure 2.8: Sequence Diagram for teams profile

Explanation:

Actors:

e doctor

e Nurse

Object:

e User interface: teams, profile tab interface.
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e Teams servlet: Java programme that will handle web-based requests and generate

dynamic content for the teams interface.
Interaction (important only):

e Add file: This interaction starts from the interface, which will display a file
chooser. once the employee selects a file. It will be sent to the team servlet using
an AJAX request. The servlet passes the file data to the addFile() method in the DB
controller, which will insert it into the database.

A confirmation message is sent back through the servlet to the interface, which

then updates the document section to indicate successful file addition.

add fask in the task section

Figure 2.9: sequence Diagram for teams task tab
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Explanation:

Interaction (important only):

e Add task: An AJAX request with task details is sent to the team servlet. The
servlet calls the insertTask() method, passing the task details. This method in the

DB controller uses the open connection there to insert the task into the database.

Teams tab:

Figure 2.10: sequence Diagram for chat tab

Explanation:

Actors:

e Sender

e Receiver

Object:

e User interface: teams, chat tab interface.

e Teams servlet: Java programme that will handle web-based requests and generate

dynamic content for the teams interface.
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e \Web socket: is a Java program that manages communication between a client and

a server by providing real time data exchange.
Interaction (important only):

e Type and send message: This interaction begins with the interface establishing a
WebSocket connection (channel) with the server for real-time data exchange. This
channel will be used to send messages formatted in JSON objects with details like
content, receiver ID, and IP address to the server.

The WebSocket class on the server passes the message details to the DB controller
to register them in the database. Once confirmed, the WebSocket dispatches the
message to the receiver and sends a response to the sender's interface to display the

message in the chat.
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2.3 Class diagram:

A class diagram is one of the Unified Modelling Language (UML) diagrams that shows the
system entities and how they are related to each other. It offers a wide view for developers
because it shows the entire system architecture. A class diagram is one of the fundamental
diagrams that must be done if you are trying to illustrate your system structure. In the context
of our Radiology Information System (RIS) software, the class diagram will show various
entities such as patients, employees, appointments, and reports, along with their attributes and

associations, all of which will ensure the clarity of the software.

Due to the complexity of the software and the large database, this section will only show an

abstraction of various modules.

+ method

+ method(]

Figure 2.11: Employee profile class Diagram for TRUST RIS
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Employee Profile Class Diagram: This diagram represents the employee's profile,

including:

o Personal Information: Basic details about the employee.

o Notes: Created by the employee.

« Files: Uploaded by the employee for personal storage.

« Employee History: A table logging actions such as creating reports, logging in, and
signing in.

o Tasks: A table storing all tasks created by the employee, along with any attached files.
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==User>>

group Pictures

employee

member in

contains

Figure 2.12: Employee chat class Diagram for TRUST RIS

Employee Chat Class Diagram: This diagram illustrates how an employee interacts with

the chat section:

« Chat Group Table: Records all chat groups the employee is a member of.
o Group Messages: Linked to the chat groups, storing messages sent within each group.

o Group Pictures: Linked to group messages, storing the message pictures.
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payment History

Figure 2.13: Employee Payment class Diagram for TRUST RIS

Payment System Class Diagram: This diagram outlines the payment system structure:

Patient Table: Stores patient personal information.

o Exam Table: Records all exams of the patient:

e Pricing Table: Contains the total exam price, including supplements.

o Supplement Table: Lists clinic supplements and their prices.

« Convention Table: Stores clinic conventions and reduction percentages.

o Payment Table: Records payment details such as date, type, and other specifics.

o Payment History Table: Provides detailed payment information.
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appointment

+irstName:S

+insertAppointment(): void

Figure 2.14: Appointment class Diagram for TRUST RIS
Appointment Class Diagram: The appointment section comprises a single table:

e Appointment Table: Stores all appointment details, including date, time, patient

information, and any additional relevant data.

2.4 conclusion:

In conclusion, this chapter has provided an overview of the essential diagrams utilised
during the development of the software. Each diagram was chosen to highlight an aspect of the
software. The use case diagrams have shed light on the capabilities of the software, and then
we jumped into the sequence diagrams, which offered an overview of how the system

accomplished the use cases that were mentioned.

Finally, we finished with the class diagram, which offered a wide view of the system's

internal structure and architecture.

In the upcoming chapter, we will delve into the implementation details and tools utilized in

building the RIS software.
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Chapter 03

Radiology information system software:

Implementation and tools used

Page 47



Introduction:

Knowing the tools that have been used is definitely important, especially if you are
developing RIS software with a group of developers. This knowledge enhances collaboration;
team members can quickly and easily share code and thoughts since they are working with the
same tools. Also, declaring the tools that you used will let developers focus more on developing
their skills in the tools that were mentioned; this will accelerate the finishing of the software

and lead to better effort management.

This is why in this chapter we will start by presenting the tools that have been used, and

then we will jump to the software implementation.

3.1 Tools:
3.1.1 HTML: HyperText Markup Language:

HTML, short for Hypertext Mark-up Language is the backbone of the web. It defines the
structure of web content. And it can be used with other technologies like CSS and JS, which
will add style and dynamic behaviour to the web content.

The term "HyperText" is used due to the HTML ability to incorporate links within pages
to help connect your webpage with other pages.

The term "markup” is used because HTML uses tags to label the content, like <p>Here

is a paragraph</p>. The tags help the web browser know how to treat content.|3]

HTML

Figure 3.1:HTML logo
from: https://en.wikipedia.org/wiki/File:HTML5_logo_and_wordmark.svg
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3.1.2 CSS: Cascading Style Sheets:

CSS, or Cascading Style Sheets, is a stylesheet language used to define the presentation
of HTML or XML documents. Other definition of CSS is a set of style rules that define how
HTML elements must be displayed on the computer screen, mobile screen, and even on
paper when you try to print the page. [4]

All web browsers can understand CSS due to a specific component called the CSS

engine, which is responsible for reading and processing those rules and rendering them.

Figure 3.2:CSS logo

from: https://en.m.wikipedia.org/wiki/File:CSS3_logo_and_wordmark.svg

3.1.3 Js: JavaScript:

JavaScript (JS) is a lightweight programming language commonly used for web
development. It is used to add dynamic behaviour to the content and to do all the client-side
processes.

JavaScript is very flexible due to the runtime object construction feature, where objects
can be constructed or reconstructed while the programme is running, rather than only
declaring them in the beginning. [5]

Browsers can read javascript due to the javascript engine, a web browser component

responsible for interpreting the javascript file.
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43

Figure 3.3: Javascript logo
From : https.//logos-world.net/javascript-logo/

3.1.4 Oracle database 21c express edition:

Oracle Database 21c Express Edition (XE) is a relational database developed by Oracle
Corporation that is completely free to use. It allows you to store, manipulate, and access
data. but it has some limitations, like:

e It can only store 12GB of user data, even if you have more storage.

e It can only use 2GB of RAM, regardless of the available system memory.

e It can only use two CPU threads, even if you have more threads available. [6]

ORACLE' 21C
DATABASE

Figure 3.4: oracle database 21c XE logo from : www.oracle.com

3.1.5 Java:

Java is a widely used object-oriented programming language. Created by James Gosling

at Sun Microsystems in 1991, this language is based on the C and C++ languages. The main
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advantage of this language is that it can run anywhere on any device, including notebooks
and mobile computer devices, without the need to write code for each device. This is what

is called the "write once, run anywhere" principle. [7]

€

)
S
——

Java

Figure 3.5: Java logo
from: https://fr.wikipedia.org/wiki/Fichier:Java_Logo.svg

3.1.6 Apache Tomcat Server:

Tomcat is a web server, a container, and a host for Java web applications. It is famous
for its lightweight and efficient nature, making it a good choice for developers.
Tomcat was developed by the Apache Software Foundation to be an open-source web server

that can work with different operating systems. [8]

Figure 3.6: apache Tomcat server logo from: https.//tomcat.apache.org

3.1.7 IntelliJ:

IntelliJ IDEA is an integrated development environment (IDE) for Java and Kaotlin,
offering free use for students. It can work on multiple platforms, including Windows,
macOS, and Linux. It supports a lot of languages but is primarily used in Java and Kotlin.
It also contains a lot of features that can help developers be more productive. [9]

Page 51



Figure 3.7: IntelliJ IDE logo
from: https://en.wikipedia.org/wiki/File:Intelli]_IDEA_Icon.svg

3.1.8 Figma:

Is a collaborative web application designed for user interface (Ul) and user experience
(UX) design, founded by Dylan Field and Evan Wallace. It supports real-time collaboration
where multiple users work on the same design at the same time, but is mainly used by
designers to create interactive prototypes.

This tool was a lifesaver during my development of the RIS software; it allowed me to
create web page designs, and due to the large community, | was able to put my hands on

expensive materials like icons and pictures and already made designs for free. [10]

’ Figma

Figure 3.8: Figma logo from: https://fr.wikipedia.org/wiki/Figma

3.1.9 GitHub:

Is a developer platform that allows developers to create, store, manage, and share their
code. It is used by over 100 million developers as of January 2023 and contains over 420
million projects, with 28 million public projects. The reason for this big community is due
to the version control feature, which means it allows you to store your code versions, so if
any problems happen with your current version, you will have a backup of your last version
that you pushed there. This platform has other features like collaboration, bug tracking,

etc. [11]
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In the context of developing RIS software, this tool has really stopped some serious
problems. It was my first time using it, and now | cannot imagine developing any application

without it.

GitHub

Figure 3.9: GitHub logo from: https://github.com/logos

3.1.10 Visual studio code:

Visual Studio Code is a lightweight but powerful source code editor that runs on your
desktop and is available for Windows, macOS, and Linux. It comes with built-in support for
some languages, but you can also add other languages using the extensions that he provides.
[12]

Some famous extensions are LiveServer, which will help you host your HTML
interfaces, allowing you to see your code results simultaneously while coding and also

allowing you to access your interfaces from mobile devices.

Visual Studio Code was one of the fundamental tools that helped me build the interfaces.

Visual Studio

Figure 3.10: Visual studio code logo from: https://code.visualstudio.com/docs
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3.2 Implementation:

In this section, we will describe some interfaces for our radiology information system
software, and some interfaces will have a description for clarification:

3.2.1 Patient page:

This page is used to display all the patients in the clinic. This page can be used by doctors
and nurses to access patient histories.

Also, this page contains a filter bar to minimise the searching time. Nurses and doctors
can use the patient's first name, last name, date of birth, gender, or even the time the patient
was registered to find the patient.

After finding the patient, this page allows you to see all the patient records, like personal
information (identification information, contact details, and medical condition).
Also, you can see all the information about the exam that he has taken and all the staff
members who were responsible for his treatment.

You can also check on all the supplements that he has taken and have a look at the
payment details. Also, you can see all the previous reports of the patient.

The page is also mobile-responsive to support the probability when accessing patient
history, doctors and nurses no longer need to be attached to their desks to access patient

details.
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Figure 3.11: Patient page
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3.2.2 Appointement page :

This page is used to register and display appointments, and it is only used by nurses. This
page contains a table to display all the appointments that are finished and those that are still
waiting.

The page also contains a form that allows nurses to add appointments; they can choose a
date and an exam to do. This form also contains two buttons. The first button will allow you
to download a receipt for the patient. The receipt will contain a QR code containing all the
patient information in it, and for the second button, he allows nurses to send the receipt to
the patient's email directly.

Also, this page contains a filter bar that helps filter appointments by date of the
appointment, state of appointment, name of the patient, gender, and date of birth.
Also, this page is mobile responsive, which will allow nurses to register appointments for
patients even when they are riding a bus.

= ROST
» * 2024-05-21 - 2024-05-21 5
p)
Report State v +
Appointment Details fals Fe M cpert st
® Table lst D)
I = Appointment Details
#TC-192 2 Years o Male domina Column Settings:
#TC-192 24 Years # Scheduled ® Male
- 6 #TC-192 24 Years ¢ Done o Male Wadjih Mohammed @Gmail Com D
?‘gg
Mals Femal Patient
Optionay
vy -] Age
8 state
dd/m =]
® Gender
E-Mail Male Female
Pref
Procedure s
i
Mobile Phone Mot Prone (00t
E
2 Apply
Cancet Geois g‘ Showing 21 0f 136 4 B Cancel

Figure 3.12: Appointment Page
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3.2.3 Statistics page:

This page is used by the accountants, the owner of the clinic, or anyone responsible for
billing. This page contains a chart to show all the clinic revenue in a date range that you
choose from the date picker.

The user will have to choose a date range from the date picker on top of the chart, and
then the server will update the chart. The chart can also be printed or downloaded as PNG,
CSV, or SVG.

At the left of the chart, you will find a section that will show you other information about
clinic revenue that can help you understand your clinic or that you can use to develop your
clinic. For example, it displays the total revenue over a selected date range, such as 7 days,
along with progress indicators. For example:

"1200.00 DA, -10% in the last 7 days."

This indicates a total revenue of 1200.00 DA over 7 days, which is a 10% decrease
compared to the previous 7 days.

It will also show how much exam you have done and how much free patient you have
done in for example 7 days, and it will also compare these results with the previous 7 days
to show you if your revenue is decreasing or increasing.

This page is also responsive and can be displayed on mobile devices.
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3.2.4 Doctors’ revenue page :

This page is used by accountants, the clinic owner, or anyone responsible for billing. It

allows users to view the revenue generated by doctors over a selected date range. By

selecting a date range, the accountant can see all exams performed by each doctor and get

an estimated total of their revenue within that period.
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Figure 3.14: doctors’ revenue page
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3.2.5 Profile page :

This page is used to see the activity logs and charts by providing a date range picker at
the top of the page, so the employees can then select a date range to see all the reports that
they have written in that period in a chart. They can also see all their activity in that period
(like what time they logged in and signed in and what they modified, created, and deleted
in that period).

Also, this page provides a section for the employee to store notes, just to help minimise
paper usage inside the clinic. Also, the page provides a section for employees to store their
personal files, which can be in any format (PNG, JPG, DOCX, PDF, etc.).

Also, this page allows employees to choose a profile picture from their files, or they can
also choose a picture from the avatar list that comes with the page. Just in case the employee
does not like adding his personal picture.

This page is also mobile-responsive, so employees can present their profiles to anyone
and anywhere.
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3.2.6 Tasks page :

This page is used by all clinic staff members. This page allows employees to create tasks
and assign them to anyone. Example:
Task subject: Modify the report of the patient with 1D #1235.

and then the creator of this task can assign it to a group of members, and this task will
show up to all those members. Also, every task has a priority and status, for example:
priority: URGENT.
status: IN progress.

This will help employees identify their tasks and also the priority and status of the tasks,
which will lead to better time management.

Also, the page has a date picker, which will allow you to see all the tasks within a
specified period.

Every task has some details, like the deadline for the task, the attachment files that come
with it, or the description of the task, and all these details will be displayed in a side pop-up
when you click on the task.

This page is mobile-responsive, so the employee will notice the task from anywhere.
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3.2.7 Chat page :

This page is used to solve the communication problem. It provides small chat services

between clinic staff members. Now any doctor and nurse can create groups and text each

other. For example, all the doctors and nurses that work in the CT Scan service can create a

group and name it "CT Scan Group,” which they will use to share information related to

their service.

This will increase communication between staff; members will not have to text all their

co-workers one by one to dispatch a message. It also reduces noise in the clinic, as staff no

longer need to shout to convey messages, leading to a quieter and more patient-friendly
environment.

This page is also mobile-responsive to help staff communicate from anywhere.
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3.2.8 Report page :

This page is simply used to write reports, and it has all the necessary tools to do so. This
page is based on a library that offers a text editor for free named Tiny MCE. This library
supports images and tables, and it also offers a print service for employees to print reports.
It also has a pre-made help section for employees to help them understand how to use this
editor.

This page is simple, and it is mobile responsive, which means nurses are no longer
attached to their offices, and they can also write reports from their homes. This breaks the
cycle of unfinished tasks that get carried over to the next day.

This page has been proposed to a nurse who suffers from back pain from sitting next to

the computer for 8 hours writing reports, and | was able to notice a big desire to obtain such

a feature.
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3.3 Conclusion:

In this last chapter, we explored the environment in which we developed our web application
TRUST, detailing what tools we have used, what languages have been used, and software that

has helped me. And also, we took an overview of the software interfaces.
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General conclusion
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Conclusion:

This thesis presents the development and implementation of a web-based radiology
information system. It commenced with the challenges in health care before having radiology
information system software, such as manual report generation and scheduling problems. Then
it sheds light on the problems that are still exciting after having RIS software, focusing on the
portability constraints, the absence of ergonomic design principles in RIS interfaces, and
communication gaps among staff members. all of which have forced the development of a web-
based RIS (TRUST).

In the next chapter, "System Architecture and Design,” we have dived into understanding
our RIS structure and architecture by presenting three essential diagrams. Use a case diagram,
sequence diagram, and class diagram. All three diagrams have provided a comprehensive

overview of how the RIS operates.

After that, in the third chapter, "Implementation and Tools Used," it shifted the focus
towards the technologies used during the creation of the web-based RIS. Also, we took a look

at the RIS interfaces.

At the end, we have proved that there is a solution for portability problems and the need to
stay on-site so you can write reports, which caused only pain and less productivity, all by
transferring from a traditional desktop-based RIS to a web-based RIS accessible from any
location with internet connectivity.

Also, we have designed interfaces that are more comfortable for the user and more
organised, providing a solution to the ergonomic design problems.

Additionally, the implementation of a clinic chat feature has facilitated seamless
communication and information exchange among staff members, providing a solution for the
lack of communication problems.

After finding solutions for our problems, I can say that there is more that can be done to this
web-based RIS software, especially in terms of security since the web-based RIS software will
need to send a lot of data over the internet. Also, since we are in the artificial intelligence era,

I think we can integrate it into the RIS software to write fast reports.
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For future researchers, the thesis serves as a foundation for future studies that aim to advance

the capabilities of the Radiology Information System software.
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Appendix 1: DICOM

(Digital Imaging and Communications in Medicine) is the global standard for medical
images and associated information. It is used by various radiotherapy devices (X-ray, CT, MRI,
ultrasound, etc.) to ensure the compatibility of medical image exchanges.
Regardless of what radiotherapy device you are using and what type of radiology images you
want to send, by implementing DICOM, those images will be structured in a way that can be

understood by most of the medical devices. [2]

Appendix 2: PACS

PACS, which stands for Picture Archiving and Communication System, it is software
that has the ability to store DICOM (Appendix 1) images and patient reports. Widely used in

health care, it offers an archive service for patient records in the clinic.

PACS Server

X-ray Modality

Acquire Store View

Figure 1: PACS Integration with Clinic Devices from:
https://www.researchgate.net/figure/Major-PACS-components-and-sample-DICOM-messages_figl 268195635
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Appendix 3: HTTP request

An HTTP request is a message sent by your browser (client) to a website (server) to get
information (like a webpage), send information, or execute a process on a web server. This
message will contain details like the web server URL and the action you are trying to do, like
the GET LOGIN PAGE, and other details.

HTTP request:

Y

A

(@
(o
HTTP response: patient.html .

Laptop computer Server

Figure 2: Analogy for an HTTP Request
Appendix 4: AJAX request

AJAX, short for Asynchronous JavaScript and XML, is a technique that utilises
asynchronous HTTP requests, and the term asynchronous is used due to the nature of this HTTP
request (Appendix 3), meaning that the web page doesn't have to wait for the server response to
continue processing. In other words, this AJAX request will not stop the execution of the
website while waiting for a response from the server. Also, the response that you get from these
requests will not force the web browser to refresh the page, which will give our website more

dynamic behaviour.

Appendix 5: Servlet

A servlet is a Java programming language class that runs on the server side. It has a URL
and can be accessed using an HTTP request. Servlets have two essential methods. ‘doGet ()’
method this will treat any GET request send by the browser these requests are usually send to
ask for information, also a ‘doPost ()* method this will treat any post requests coming from the
browser usually these types of requests are not asking for information instead they give

information for the server.
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Appendix 6: HL7

Health Level 7 is used to transfer patient data like reports and personal information
between different healthcare software applications because it provides a common structure for

patient data that can be understood by most health care devices. [1]
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