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Abstract: E-Health UTHM is an application that was developed to enable students
and staff to register for medical or dental services in the health centre by scanning QR
code and getting a medical summary from a doctor. The manual process in UTHM
Health Centre required staff and students to place their matric card in a box at the
registration counter and wait for the medical staff to call them. Therefore, this is a
manual process for every patient in the health centre and it is important to digitize the
process of registration. Object oriented software development method is used in this
project and this application is developed using Android Studio software and Firebase
database. Overall, E-Health UTHM may enable patients to register for services by
scanning QR code and viewing medical summary.
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1. Introduction

Mobile Health (m-Health) comes from the intersection among Electronic Health (eHealth) and
smartphone technology. It is the practice of eHealth served by smartphones. Healthcare systems provide
health-related services to groups and individuals [1]. This project is to create a mobile application for
the registration process of the health centre of Universiti Tun Hussein Onn Malaysia. There is no online
system to access medical or dental service from the health centre. This application has three main
functions which are QR code registration, medical summary and user account. This project is suggested
for UTHM to start using m-Health concepts in UTHM Health Centre.

1.1 Problem Statements

In the UTHM Health Centre, patients have to register at the counter of the health centre when
visiting there to seek medical or dental advice. Patients have to place their matric card in a box at the
registration counter and wait for the staff to call them. After that, they need to write their details and the
allocated room in the record book. This is a manual process for every patient in the health centre and it
is important to digitize the process of registration. After consulting the doctor, the pharmacists will give
medicine to patients and tell them when to consume the medicine. Medical summary is a report
containing the details of the consultation session. The patient does not receive a medical summary after
consultation. Medical summary can record the past medical history of a person and may be used as a
proof of absenteeism. To solve these problems, E-Health UTHM might help. This is a mobile
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application that may provide QR code registration, medical summary and user account to resolve the
above-mentioned problems. The QR code registration can change the current manual process of
registration into digital.

1.2 Project Significance

The objectives of this project are to design, to develop a mobile healthcare application for UTHM
Health Centre and perform testing on the functionality of the mobile healthcare application for UTHM
Health Centre to the target user. There are three types of users for this project which are patient, doctor
and admin. The functional modules of the application includes home module, QR Registration Module,
Medical Summary Module, Account Module and Admin Module. This project applies QR code into
the registration process of medical and dental services in UTHM Health Centre. With the QR code
registration, patients just need to scan the QR code and wait for the turn to meet the doctor. This may
save time for staff at the registration counter because they no longer need to manually register patients
anymore. The medical summary is useful for patients because it consists of the type of medicine needed
to be consumed, comments from the doctor and the duration of the medical certificate. To get the
medical summary, a dummy web system named Clinical Master is designed for doctors. Doctors will
use the dummy web system to generate medical summary so that patients can view it in the mobile
application. Doctors can login into the system and consult the patient based on their registration list.

2. Related Works
2.1 Mobile application

Mobile application is a program or software that operates on mobile devices and helps users to
conduct some work. Mobile applications are rapidly evolving in the world. Almost every smartphone
regardless of the price can run and download mobile applications [2].

2.2 m-Health

m-Health comes from the intersection among eHealth and smartphone technology [1]. m-Health is
the practice of eHealth aided by smartphones that are used to record, process, investigate and transfer
health-based information from biomedical systems and sensors. m-Health is important because it alters
the traditional circumstances in which patients consult doctors when they are ill. m-Health allows
patients to be monitored continuously and can prevent emergencies. It enables the achievement of a
patient-led healthcare model than doctor-led model [3].

2.3 Healthcare systems

Healthcare systems use the resources of an organization. Healthcare systems are dependent on the
relationships with the organizations, infrastructures and stakeholders to work together to achieve
common goals. One of the objectives of healthcare systems is giving health-related services to the public
and individuals [1]. Healthcare systems does include patient records. The purpose of patient records are
for patient care, legal documentation, research and quality management. It is important to keep the
complete patient medical record because the record will become the source for health care information
that is needed by health care organizations [4].

24 Quick Response code (QR code)

In the early 1990s, QR code was at first invented for use in the automobile industry. However, it
has become more popular in other industries. QR code is a type of matrix barcode and a machine-
readable illustration of data. QR code can store more data than the barcode that people usually see [5].
The characteristics of QR code are high data capacity, fast scanning, small printout size and freedom
direction scanning. QR code can store a maximum of 7089 numeric characters, 4926 alphanumeric
characters and 1817 kanji characters. It can be scanned quickly and easily by any smartphone that comes
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with camera function. QR codes carry data on horizontal and vertical orientation therefore it is better
than barcodes in data capacity. QR codes can still be recognized even if 50% areas are damaged and
the scanning direction of QR code is freedom [6]. The use of QR codes is an action of object
hyperlinking or physical world linking. QR codes are the link between the physical world and virtual
world. Users only need to use the smartphone's camera to scan the physical object and will instantly
connect to the information of the object. QR codes have been used in product information, food
products, transportation, entertainment, vending machines, business cards, retail businesses and tour
information. It is like a shortcut to access a webpage [7].

25 Android

Android is a Java-based operating system which operates on Linux 2.6 Kernel. The Android system
is lightweight with many features. Android applications are developed using Java and can easily be
ported to a new platform. Android has many features including database support powered by SQLite,
accelerated 3D graphics engine and integrated web browser. Android has another useful feature which
is third-party applications are run with the same priority as the applications that are tied with the core
system because of its architecture. This will give embedded system apps greater priority to run than the
apps created by third-party developers. Every application is run by using a very lightweight virtual
machine. Android has a wide variety of software development kits and well-formed libraries that are
ready for users to develop applications. This has become a useful feature because Android developers
can access anything that can be accessed by the operating system. Users have to access the internal
software of the phone to perform specific functions. This has widened the potential for developers to
make interesting applications. Besides the above features, Google has given some of its own fascinating
features to Android. This enables Android developers to link their applications with Google Services
such as Google Search and Google Map. The possibility has become wide with Android if a developer
wants to create an application that will open Google Map to search for contact’s location and store
search results in the contact [8].

2.6 Java Programming

Sun Microsystems funded a research project called “Green” in 1991 to create a programming
language for smart electronic devices. The programming language must be extremely portable because
processor chips of appliances keep on upgrading by time. The existing programming languages such as
C++ were not suitable and a new language has to be developed. In 2007, Java’s core code became open
source under the terms of GNU General Public License (GPL). In 2009, Oracle acquired Sun which is
currently continuing the development of Java. There are few features of Java. Firstly, Java is a compiled
and interpreted language. The source code is translated by Java compiler into bytecode instructions.
Since the bytecodes are not machine instructions, the interpreter generates machine code that can be
directly executed. Java program is platform-independent and portable. It can support programs that
handle multiple tasks simultaneously. Users no need to wait for an application to finish before starting
another application. For example, users can listen to music while browsing the web. This improves the
interactive performance of graphical applications [9]. Developer has to install the Java Running
Environment (JRE) on the computer to run the Java program. Java Virtual Machine (JVM) is a major
part of JRE which creates an environment to interact with hardware.

2.7 Firebase

Firebase is a Baas (Backend as a Service) cloud platform that has many new features and functions.
Firebase provides a service for auto syncing databases. It is a great tool for growing applications,
developing consumer base and acquiring monetary value. Firebase is best suitable for application with
short development time. Firebase Realtime Database supports different platforms such as Android, iOS
and web based. The data in Firebase is stored in JSON (JavaScript Object Notation) format. The
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Realtime Database can be adapted into real-time applications easily. All the local data will automatically
synchronize to the real-time database when devices become online [10].

2.8 Android Studio

The Android Studio is developed by Google in collaboration with JetBrains’ IntelliJ. It is the official
integrated development environment (IDE) for Google’s Android operating system. Android studio is
limited to Android app development. Android studio supports two programming languages which are
Java and Kotlin. It is a platform for developing Android applications [11]. There are two important tools
in Android Studio called Git and Gradle. Git has become the standard for mobile development and
software engineering. Android studio has a fully integrated Git tool with an amazing graphical user
interface. Gradle can easily manage the libraries of Android Studio. Gradle is also fully integrated with
Android studio which allows the Gradle files to be inspected and examined graphically [12].

29 Existing Systems Review

The existing application Doctor2U [13] has an advantage which is the medical records. This will
let patients view their medical record and it is easier for them to buy medication based on the medical
record. The disadvantage of this application is e-commerce function because healthcare management
applications should focus on the patient experience in a medical centre.

The existing application Medisafe [14] has an advantage which is the medical reminders. This will
let patients know when to take their medicine and will remind them if they forgot to take the medicine.
The disadvantage of this application is family scheduling because patients' privacy such as their
medication may be exposed to others.

The existing application WebMD symptom checker [15] has an advantage which is the mediation
reminder. It will remind the user based on the time they set on the calendar. The disadvantage of this
application is it does not have a medical summary to record the condition of the patient.

The proposed application E-Health UTHM may have the medical summary of the patient. This may
include the medicine of the patient so that the patient can view it. The proposed application may let
users register for medical or dental services by QR code. Due to the proposed application being used in
educational institutions, it may have a feature of attaching the serial number of medical certificate in
the medical summary. E-commerce is not included in this application because the target users are mostly
students and staff. Table 1 shows the comparison between existing system and proposed system.

Table 1: Comparison between existing system and proposed system

WebMD Proposed System
Feature Doctor2U Medisafe symptom (E-Health UTHM)
checker
QR Code registration X X X v
View medical certificate date X X X v
Generate medical summary v X X v
View medical summary v v X v
Login & logout v v v v
Make appointment v v v X
View medications v v v v
E-commerce v X v X
Update user profile v v v v
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3. Methodology

Obiject oriented software development method is used in developing this project. An object oriented
programming language such as Java is required when using this methodology [16]. Object oriented
software development is the combination of systems development life cycle and object oriented
programming. The life cycle phase has many iterations [17]. During the object oriented planning phase,
the problem statements are identified and the objectives are set to overcome the problems. Scope of the
project including target users and functional modules are set. The expected output and the project
significance are also discussed. In this phase, a work plan is set to ensure that the project will complete
in the given time. The work plan will keep changing to fit the best time. The project Gantt chart that
contains the workflow in each phase is done in this phase to estimate the total time needed to complete
the project. During the object oriented analysis phase, problems are understood by their responsibilities
and relationships and by modelling it in terms and classes of objects. An interview is conducted with
the UTHM Health Centre to understand the operational method of the health centre and identify the
requirements of the proposed application.

During the object oriented design phase, the design for E-Health UTHM and Clinical Master are
made based on the requirements discussed in the previous phase. The design has included database
design and user interface design. Wireframe is also created to become the guideline for the user interface
design. For database design, all of the entities should be related and the redundancy should be
eliminated. The object oriented implementation phase is the logical extension of the design. E-Health
UTHM is developed in Android Studio IDE using Java programming language and extensive markup
language (XML). Clinical Master is developed in Hypertext Markup Language (HTML) and JavaScript.
Firebase database is used for the database of this system. The database will be located on the server of
Google Data Center. During the object oriented testing phase, the completed proposed system is tested
to check whether it meets the functional and non-functional requirements during the analysis phase.
User acceptance test is carried out by users of the completed system. System test and debugging are
made to identify and fix the errors of the system. During the object oriented maintenance phase, the
proposed application will be maintained and upgraded regularly. This phase will take about three
months to complete. However, due to time limitations, this phase is not included in this project.

4. Performance Analysis

Before developing a proper system, the analyst should clearly identify the system requirement.
Requirement analysis is needed to obtain and define the requirements of users for the development of a
new application. The system requirements should explain clearly the functions to be implemented.
System requirements explained about the detailed descriptions of the system services which include
functional requirements and non-functional requirements. The functional requirements of the system
includes register, login, home page viewing, QR registering, medical summary viewing, user account
updating and logout. The non-functional requirements of E-Health UTHM includes performance,
operational, security and data integrity. Performance requirements focus on the system should only
allocate a patient to a doctor at a time. Operational requirement describes the system should be available
24/7 for users to use it. The system should also protect the user data with a password.

Unified Modelling Language (UML) is a language for visualizing and documenting the system in
a graphical way. UML is used to illustrate the relationships between target users and the system, detailed
information for each system's activities and function, and the overall activity flows of the system. There
are four types of UML diagrams which are use case diagram, activity diagram and class diagram.
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4.1 Use case diagram

Use case diagram illustrates the users of main functions of the system interacting with it in a simple
way. It contains three main components which are requirements, actors, and relationships. Figure 1

shows the use case diagram for E-Health UTHM.

Al

Register
Logout
Patient _
Register QR
ViewhEdicals mmmary
ViewHomePage
Update Aceount
Create Accoumt

Delete & ccount

UpdateDatabase
Doctor

Gene rate Ve dicals urmary

Admin

Figure 1: Use case diagram of E-Health UTHM

4.2 Activity Diagram

Activity diagram describes the coordination among activities of the system. The purpose of the
activity diagram is to illustrate the activity flow in a more detailed method. Figure 2 shows the patient

activity diagram of E-Health UTHM.
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Figure 2: The patient activity diagram of E-Health UTHM

4.3 Class Diagram

Class diagram is a static model that supports the static view of the system. Class diagram shows the
classes, attributes, methods and relationships. Figure 3 shows the class diagram for E-Health UTHM.
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Figure 3: Class diagram for E-Health UTHM

5. Implementation and Testing

Implementation phase is important to ensure that the application being developed meets the
specified specifications while the testing phase is important to ensure that the application is free of

errors.

51 Implementation Phase

E-Health UTHM is developed in Android Studio IDE using Java programming language and
extensive mark-up language (XML). Firebase database and firebase authentication are used as the
storage platform for the application E-Health UTHM. Java programming language is used to provide
the logic part for the application. Figure 4 shows the Java editor for this project.

© MainActivityjava

package com.example.uthmhealthcentremobileapplication;
impert androidx.appcompat.app.AppCompatActivity;

import android.content.Intent;
import android.os.Bundle;
import android.view.View;
import android.widget.Button;

publie class MainActivity extends AppCompatActivity {
Button btnLeogin;
Button btnRegister;

@0verride

protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.activity main);

btnLogin = TindViewById(R.id.button);
btnLogin.setOnClickListener((view) —* {

Intent leginScr = new Intent( p=
startActivity(leginScr);

1

geContext: MainActivity.this, login.eclass);

Figure 4: Java editor
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Firebase provides authentication services that will authenticate the user to login into the application.
It creates users by email and password. Figure 5 shows the code segment for authenticating and
registering users.

public veoid regUser(){
String email = emailReg.getText().toString().trim();
String password = passwordReg.getText().teString();
Toast.makeText( cor Register.this, text: "Registering in process...",Toast.LENGTH_LONG).show();
fereating a new user
firebaseAuth.createUserWithEmailAndPassword(email, password)
.addOnCompletelistener( = this, (task) — {
ng ir s
if(task.isSuccessful{)){...}else{...}

Figure 5: Firebase createUserWithEmailAndPassword( ) function to register user

Figure 6 shows the code segment for QrRegistration activity.

CodeScanneryiew scannerView = TindViewById(R.id.scanner_view):

= new [ content: this, scannerview);

. llback((result) —= {

runoniThread(() == {
string resultString = result.getText();

Toi Text(gothpplicationContext(), rosultString, Toast LENGTH_SHORT).show():

if (resultString.equals(“Medical®}) {
Toast.mpkefext(| contet Oritegistration,this, tet "Registered Medical successfully.=, Toast.LENGTH_SHORT).show(};
registerdedicaly);
SendUserToHoma ()

} elze if [resultString.equals{*Dental®)) {

Toast,mpkefext| contet Oriegistration,this, tet "Registered Dental successfully.®, Toast.LENGTH_SHORT).show{};
registerDentaly);
SendUserToHome () ;
} elze |
Toast,makeText| conlet Grivgistration, this, tet "Registered unsuccessful.”, Toast.LENGTH_SHORT).show();

SenduserToHoma| )

Figure 6: Code segment for QrRegistration activity

Figure7 shows the code segment for function registerMedical.

rrige
public void onDat {Dat dat [
for (Dat chil : gat .getChilaran()) {
Key = childSnapshot.getKey():
Toast.makeText|{ © © OrRegistration,this, teb "Your allocated room is * + Key, Toast.LENGTH_LONG).show{);
string currW = childSnapshot.child{"currWaiting").getValue{}.toString(}:
int currii = Integer.parseint(curri);
int currit2 = currii+l;
String currd = String.valuedr(curri2);
HashMap userMap = new Hashuap():
userllap. put(“currWaiting”, currid):
+ = Fi abase.get. {).getReference().child("allocation”).child|Key);
Usershef, updateGhildren{userdap) ;
usersRef2 = FirepaseDatabase.getInstance().getReTerence().child{ uUsers").chilajcurrentuUseriD);
UsersRef2.addlistensrForSingleValueEvent (new ValueEventListenar() {

rride
public final void onDat @NonNull Dat dat 1o
if (dataSnapshot.exists(}) {
useraccount u = dat .getvalue (useraccount ,class);

dcnum_ = u.icnum;
name = u.fullname;
uuid_ = u.uuid;

String timeNow = String.valuedfr({Systen,currentTimeMillis());

UzersRef = FirebaseDatabase.getInstance().getReference().child{"allocation®).child{Key) .child{ nextuser®);
final 5tring vuid = UsersRef.pushi).getkey();

RegUser reglser = new RegUser{uuid_, name. icnum_, timeNow):

UsersRef.child{uuid) . setvalue(raglser);

Figure 7: Code segment for function registerMedical()

Figure 8 shows the user interface of the mobile application.
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Welcome to
UTHM Health Centre
Mobile Application

Today is
Jun 05, 2020
Wishing you have a good day!

Operating hours:
Sun-Wed 8.30am-1.00pm 2.15pm-7.30pm
Thursday 8.30am-1.00pm 2.15pm-6.00pm

Contact No: +607-453 7000
Emergency: +6019-392 9849

REGISTER

Figure 8: User interface of E-Health UTHM

Figure 9 shows the user interface of the dummy web application.

5.2 Testing Plan

PATIENT LIST

NEW SESSION

CLINICAL MASTER

Figure 9:

User interface of Clinical Master

Table 2 shows the functional testing of E-Health UTHM. The purpose of the test plan is to ensure
that each module functions well according to the expected results. The actual result of the test plan has

passed for each module.
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Table 2: Test plan of the system module and results

Module Test Expected Result Actual
Result
Register Users are allowed to register the Message “Please enter email.” or Pass
module application. “Please enter a password.” will display
if the text field is empty.
Users enter weak passwords that Message “Password must contain at Pass
are less than 8 characters and not least with at least 1 capital letter, 1 small
including at least one capital letter, letter and 1 number” is displayed.
small letter, a number.
Users enter email that has been Message “Email already exists”. Pass
registered before.
Login Users are allowed to login the System will redirect to the setup Pass
module application by using email and account page of the application if the
password. user has not set up their username.
QR Users can scan QR code to register Message ‘“Registered unsuccessful” if Pass
registration  for medical or dental service. the result is not “Medical” or “Dental”.
module
View Users can view the medical The information of the medical Pass
medical summary. summary will display.
summary
module
Account Users can edit or update their The latest user information will be Pass
module profile. stored in the Firebase.
Logout User can logout the application The system will clear information and Pass
module redirect to the login page.
6. Conclusion

In conclusion, the application E-Health UTHM has been developed successfully. However, there
are still some limitations for this application. The limitations of the application are patients cannot
cancel the registration after they have scanned the QR code, the details of medical summary is a non-
responsive design and patients still will be allocated to the respective room if the doctor is absent.

To improve the usability of application E-Health UTHM, some improvements can be carried out in
the future. The recommendation for improving the application is to have a cancel option for the patients
who have scan the QR code to register dental or medical services. Besides, there is also a plan of
including doctor’s attendance in the application so that the patient will not be assigned to the room if
the doctor is absent. Furthermore, the details of the medical summary is planned to become a responsive
view so that if the value is null the field is not shown in the report.
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