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Abstract: This study focuses on the development of the UTHM Bus Tracking Mobile
Application, a mobile-based system aimed at addressing the problem faced by
Universiti Tun Hussein Onn Malaysia (UTHM) students in tracking the location of
the bus. The objective of this research is to provide an effective solution to enhance
the bus transportation experience for UTHM students. The system was developed
using an object-oriented approach, employing the Waterfall model to ensure a
systematic development process. The Flutter framework and Firebase server were
utilized for application development and data storage, respectively. Key findings
indicate that the UTHM Bus Tracking Mobile Application enables students to track
the bus location, thereby improving the efficiency of public transportation. The
discussion highlights the significance of this system in students' daily lives and
suggests possibilities for future enhancements.

Keywords: Bus Tracking System, Mobile-Based System, Object-Oriented
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1. Introduction

This paper focuses on the development of the UTHM Bus Tracking Mobile Application, designed
to address the challenges faced by students at Universiti Tun Hussein Onn Malaysia (UTHM) in
tracking the campus bus. The objective of this study is to enhance the efficiency of the bus system and
provide students with real-time bus information, ultimately improving their transportation experience.
The motivation behind this research stems from the common problem of students struggling to estimate
bus arrival times, resulting in prolonged waiting periods and inconvenience. By developing a mobile
application that leverages real-time data and the Google Maps API, students can track bus locations,
access bus information, and plan their journeys effectively. This paper presents the problem statement,
research objectives, and the expected outcome of the UTHM Bus Tracking Mobile Application. The
scope of the study focuses on the UTHM area, with a particular emphasis on improving bus system
efficiency for students. The subsequent sections delve into the methodology, system design, and
implementation details [1].

Corresponding author: ariffin@uthm.edu.my
2023 UTHM Publisher. All rights reserved.
publisher.uthm.edu.my/periodicals/index.php/aitcs



Jafni et al., Applied Information Technology and Computer Science Vol. 4 No. 2 (2023) p. 1486-1502

2. Related Work
2.1 Bus Tracking System

Bus tracking systems utilize advanced GPS technology and software applications to precisely monitor
and relay real-time information regarding the locations of buses to both operators and passengers. By
providing accurate updates, these systems empower passengers with the ability to conveniently track
the arrival times of buses. Simultaneously, they assist operators in effectively managing routes and
optimizing resource allocation. Implementing a bus tracking system offers numerous benefits,
particularly in ensuring punctuality and efficiency. Passengers can effortlessly monitor crucial details
such as the bus's current location, speed, direction of travel, and other essential metrics. This wealth of
information enables them to plan their journeys effectively, anticipate arrivals, and make informed
decisions. Furthermore, operators can leverage this data to optimize route planning, establish reliable
schedules, and even facilitate maintenance arrangements for the fleet [2].

2.2 Mobile Application

A mobile application, also known as a mobile app, is a sophisticated software program specifically
designed to operate on mobile devices such as smartphones or tablets. Distinguished from desktop
applications tailored for desktop computers and web applications that run within mobile web browsers,
mobile apps offer a unique user experience optimized for handheld devices. Initially developed to
enhance productivity through features like email, calendars, and contact databases, the demand for
mobile applications swiftly expanded to encompass diverse domains. Today, these applications cater to
a wide array of needs, including mobile gaming, factory automation, GPS and location-based services,
order tracking, ticket purchases, and much more. With countless applications available, many can be
accessed and downloaded through digital distribution platforms known as app stores, often requiring
internet connectivity for seamless functionality [3].

2.3 Comparison with the Existing Systems

The study of the existing system is carried out based on the system that has already been developed. In
this study, three systems have been selected to be used as reference in the development of the system
and used as a guide in improving the quality of UTHM Bus Tracking Mobile Application. There are
three bus tracking system that are selected which is Pulse, Moovit, and Katsana. Can be summarized in
Table 1 below the existing systems and the proposed system.

Table 1: Comparison of the system

Feature / System Pulse Moovit Katsana UTHM Bus Tracking
Mobile Application
Platform Mobile- Mobile-  Web-based Mobile-based
based based

Login Yes No No Yes
Real-time bus location Yes No Yes Yes

Nearby bus stop suggestion Yes No No Yes

List of all bus stops Yes Yes Yes Yes

Detect the user's current Yes Yes No Yes

location
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Feature / System Pulse Moovit Katsana UTHM Bus Tracking
Mobile Application

View the number of No No No Yes
passengers

View bus plate number Yes No No Yes
Estimated bus arrival time Yes Yes No Yes
View bus route Yes Yes Yes Yes

3. Methodology

Waterfall Model is widely utilized as a Software Development Life Cycle (SDLC) in various
fields. It is also known as the linear-sequential life cycle model. This user-friendly model is highly
appreciated for its ease of use and understanding. The Waterfall model consists of five distinct phases:
analysis, design, implementation, testing, and maintenance. Each phase must be completed before
progressing to the next, ensuring a sequential and non-overlapping flow. The subsequent phase cannot
commence unless the current phase is successfully concluded. The phases in the Waterfall model
encompass the crucial stages of analysis, design, implementation, testing, and maintenance [4]. The
development process of the Waterfall model is illustrated below:

Analysis

Y
o

Design

—

h 4
o

Implementation

—

h

—
Maintenance

Figure 1: Waterfall development model

Table 2 shows the list of tasks performed at each phase in the Waterfall model for the UTHM Bus

Tracking Mobile Application.
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Table 2: Software development task and output

Phase Task
Analysis e Analyzed problem research.
¢ Identify hardware and software requirements for the system development.
Design o Design system prototype.

e Design each module.

Implementation

o Developed interface for mobile application.

e Developed the database.

Testing

e Test every function for each module.

e Collect errors and defects.

Maintenance

e Check for any error not found during the testing phase.

3.1 Analysis Phase

Functional requirements are functions or parts of modules that developers need to implement to ensure
that the system runs and completes its tasks. The functional requirement can be defined as how the
system should be used and how it should work [5]. Table 3 presents the Functional Requirements that
have been identified for the UTHM Bus Tracking Mobile Application. These requirements outline the
specific functionalities expected from each module of the application.

Table 3: Functional Requirement

Module Function
Login e Allow the student and bus driver to log in using a UTHM email and password.
e Display the contact us button which contains the detail of UTHM support for the
user who forgot their password
Profile e Display the details of the student such as name, matric number, level of study, year

of study, faculty, phone number, gender, emergency contact, and account password.
Display the details of the bus driver such as name, staff id, phone number,
emergency contact, and account password.

Allow the user to change their details such as emergency contact and account

password.

Journey °

Display the suggestion of a bus stop near them according to the student's current
coordinate.

Navigate the student to the nearest bus stop by using the google map application.
Allow the student to view the number of passengers and the bus estimated arrival
time.

Allow the student to check in and check out of the bus.

Map .

Allow the student to view the real-time bus location.
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Module Function

o Allow the student to view all the bus stops provided by the UTHM.
o Allow the student to view the bus route used by the bus driver.

o Display the UTHM area using google Maps.

Bus Status e Allow the bus driver to view the GPS status.
o Allow the bus driver to choose the plate number of the bus they going to drive.

o Allow the bus driver to insert new bus plate numbers that are not recorded yet.

Passengers Allow the bus driver to view the list of current students on the bus.

List e Allow the bus driver to view the student’s name and their destination.

Non-functional requirements are different from the functional requirement because they specify how
the system should work to meet user expectations. It describes the system’s ability to improve user
expectations when using the system [6]. Table 3 includes the Non-Functional Requirements that define
the overall characteristics and quality of the application.

Table 4: Non-Functional Requirement

Requirement Description
Performance The reasonable operation and response time of the operating system should be
expected.
Operational The application should be able to work on the android platforms.
Usability The general appearance and flow of the application are easy to understand by all

types of users.

Security The physical installation and from a cyber perspective are protected from an
unauthorized party. The login module will verify the correct user account and if

not verified the login information will be denied access to the application.

Integrity The database of the application will be kept properly and secured by the system

from any corruption and non-readable.

The use case diagram was developed as part of the analysis to show the overall functionality and
component of the system [7]. It represents the methodology used in systems analysis to identify, clarify,
and organize the system requirement of the UTHM Bus Tracking Mobile Application. The actor or
users identified are students and bus driver, who implement various types of use cases. The major
element of the use case diagram of the UTHM Bus tracking Mobile Application is shown in figure 2
below.
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Student

UTHM Bus Tracking Mobile Application

Manage __Zeinclude=>  “flanage bus
journey status

<cincludes>  <<include>>

View
passengers
list

Bus Driver

Figure 2: Use case diagram

Figure 3 presents a sequence diagram capturing the user's actions and interactions within the system. This diagram
provides an overview of the chronological flow of communication and method calls between system components.

Student Bus Driver
i j’; ‘ Login ‘ View Profile Manage Journey ‘ View Map ‘ Marsut:;igus View Plj:;:enger
En;:er valid credenti:als
_ Allow login
;Add or delete bus plate number
C;hooss bus plate numb;er
PSSO IS __ Display bus :’,'a,‘,e number d.... . Updatebusplate number
'« |  Displaybusplate number  : ,,,,,,,,L!P,‘?'?,‘E,'?!',S,P‘,?I'?I‘E'TP?F ,,,,,,,,,,,
Start and stop driving
P S S Display bus location & Update bus caordinate
SRR SR, Display bus location & o ¢......... Jpdate bus _?L’_Q dinate ...
Edié profile
,,,,,,, Dispiy updste rofle
Enter valid credentials
Allow ;ogin
View all bus stop
Displa),E bus stop list
Navigate tui nearest bus stop
PR Redirected to google _’“if'?_ with specific destination ..
Arrived at hils stop, choose c;estination, and view u:pcoming bus

U SR 9‘.5_'?_'?_‘_’_95"_%?_’_“_‘_'?9_ busdetail

Chac:k-in the bus Update passenger in bus;

U S S Display passenger listinbus | .
Check-out the bus Update passenger in bus;
PN S S Display passengerlistinbus |
View map

P S Display bus, bus stop and user location on googlemap

Figure 3: Sequence diagram
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A class diagram needs to be created to determine the properties and methods to be used in the proposed
application [8]. Figure 3 portrays the Class Diagram, which presents a structural view of the application
by illustrating the different classes, their attributes, and their relationships. This diagram serves as a
blueprint for the implementation and design of the application's objects and their interactions.

Driver

+ driver_id : String

+ bus_id : String

+ driver_name - String
+ driver_phonenumber : String
+ driver_emergencycontact - String

+ driver_location - Geopoint

+ driver_uid : String

1

Student

+ student_id : String 1

+ student_name - String Passenger

+ student_matricnumber : String + passenger_id : String 1

+ student_levelstudy : String + bus_id : String Bus

+ student_yearstudy - Int ! ! + student_id : String - ! +bus_id : String

+ student_faculty : String + driver_id : String + bus_platenumber : String
+ student_gender : String + passenger_destination : String

+ student_phonenumber : String + passenger_date - Timestamp

+ student_emergencycontact : String + passenger_inbus : Boolean

+ student_uid : String

Figure 4: Class diagram
3.2 Design Phase

The design phase is a critical stage in software development, encompassing database design. Database
design involves organizing and defining the system's data structure, ensuring efficient storage and
retrieval. Tables 5 to 8 in this subtopic represent the data dictionary, defining student, driver, bus, and
passenger information. These tables form the foundation for efficient data storage and retrieval within
the UTHM Bus Tracking Mobile Application.

Table 5: Student database design

Attribute Name Datatype Size Constraints Description
CNull Key

student_id String 50 No PK  Student ID
student_name String 50 No Student full name
student_matricnumber String 10 No Student matric number
student_levelstudy String 50 No Student level of study
student_yearstudy Int 10 No Student year of study
student_faculty String 50 No Student faculty
student_gender String 10 No Student gender
student_phonenumber String 50 No Student phone number
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Attribute Name Datatype Size Constraints Description
“Null Key
student_emergencycontact String 50 No Student emergency contact
student_uid String 50 No Student authentication code

Table 6: Driver database design

Attribute Name Datatype Size  Constraints Description
CNull Key

driver_id String 50 No PK  Driver ID
bus_id String 50 No FK BusID
driver_name String 50 No Driver full name
driver_phonenumber String 50 No Driver phone number
driver_emergencycontact String 50 No Driver emergency contact
driver_location Geopoint 32 No Driver location

Table 7: Bus database design

Attribute Name Datatype Size Constraints Description
“Null Key
bus_id String 50 No PK BuslID
bus_platenumber String 10 No Bus plate number

Table 8: Passenger database design

Attribute Name Datatype Size Constraints Description
“Null Key
passenger_id String 50 No  PK Passenger ID
bus_id String 50 No FK BuslID
student_id String 50 No FK StudentID
driver_id String 50 No FK DriverID
passenger_destination String 50 No Passenger destination
passenger_date Timestamp 10 No Passenger date
passenger_inbus Boolean 1 No Passenger in the bus
3.3 Implementation Phase

The implementation phase marks the transformation of design concepts into tangible software
components. This phase includes the development of source code and the creation of user interfaces.
Figure 4 to Figure 19 provide snapshots of the source code and interface designs.
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Y.pop();

tion position) {
g newPosition = Latlng(position.latitude, position.longitude);
A updatedMarker = _markers[markerId]!;
updatedMarker = updatedMarker.copyWith(positionParam: newPosition);
_markers[markerId] = updatedMarker;

setState(() {});
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Figure 8: Detect user current location code segment

Stream<int> getPassengerCountStream() {

.where('p int ', isEqualTo:
.snapshots()

t snapshot) => snapshot.size);

busPlateNumber = '';
> getBusPlateNumber()

snapshot = awa
.collection Y)
.doc('dri £}
.get();
(snapshot.exists) {
busPlateNumber = snapshot["®

busPlateNumber;

alculatePolylineDistance(List<LatlLng> polyli

rentPoint);

ble distance) {

t polylinePoints.getRouteBetweenCoordinates(

bustopl7.latitude, bustopl7.longitude),
bustop18.latitude, bustopl8.longitude),

if (resultl7.points.isNotEmpty) {
resulti7.points.forEach(
(PointLa point) polylineCoordinate.add(
atLng(point.latitude, point.longitude),
).
)5
setState(() {});

1
}

Figure 12: Display bus route code segment
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Figure 13(a): Login interface, Figure 13(b): Bus stop list interface, Figure 13(c): Profile interface
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4, Results and Discussion

The system testing phase encompasses the functional modules of the system, involving both student
and bus drivers. This crucial testing procedure ensures the achievement of the project's objectives and
validates the fulfillment of all system requirements. Through rigorous evaluation, we ascertain that the
system operates seamlessly, meeting the desired goals and delivering a satisfactory user experience.

4.1 Test Case

Test case is a step or action that is performed on the system to determine if the system satisfies the
functional requirement and user need. The document is mainly focused on separating all the different
modules and features in the system. The goal is to verify all the function of the system and code behavior
by optimize the effort and time to test the system.

Table 8: Login module test plan

Test Case Description Expected Result Actual Pass/Fail

TC_100_001 Enter valid UTHM The system allow The system allow Pass
email and user to login to the user to login to the
password. system. system.

TC_100_002 Enter invalid The system display The system display Pass

UTHM email and invalid credential. invalid credential.

password.

TC_100_003 Press contact us. The system display The system display Pass

contact information

pop-up.

contact information

pop-up.
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Table 9: View profile module test plan

Test Case Description Expected Result Actual Pass/Fail
TC_200_001 Press profile The system display The system display Pass
button. user data according  user data according to
to the database. the database.
TC_200_002 Press edit button. The system allow The system allow Pass
user to edit selected user to edit selected
data. data.
Table 10: Manage journey module test plan
Test Case Description Expected Result Actual Pass/Fail
TC_300_001 Press navigate The system The system redirected Pass
button. redirected to the to the google map
google map with a with a specific
specific destination. destination.
TC_300_002 Press view all bus The system display The system display Pass
stop. list of all bus stops list of all bus stops
available. available.
TC_300_003 Select destination. The system display The system display Pass
the upcoming bus the upcoming bus
card with its detail. card with its detail.
TC _300_004 Press check-in The system display The system display Pass
button. current bus card with  current bus card with
its detail. its detail.
TC_300_005 Press check-out The system should The system should Pass
button. redirected user to the  redirected user to the
homepage. homepage.
Table 11: View map module test plan
Test Case Description Expected Result Actual Pass/Fail
TC_400 001 Press on the bus The system display The system display Pass
marker. bus plate number on  bus plate number on
the marker. the marker.
TC_400_002 Press on the certain ~ The system display The system display Pass

bus stop marker.

the bus stop name for

the bus stop name for
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Test Case Description Expected Result Actual Pass/Fail
the specific bus stop  the specific bus stop
pressed. pressed.
Table 12: Manage bus status module test plan
Test Case Description Expected Result Actual Pass/Fail
TC 500 001 Press add button.  The system allow the  The system allow the Pass
user to insert new user to insert new bus
bus plate number to plate number to the
the database. database.
TC 500 _002 Press delete button.  The system allow the  The system allow the Pass
user to delete user to delete selected
selected bus plate bus plate number
number from the from the database.
database.
TC_500_003 Select bus plate The system display The system display Pass
number. the start and stop the start and stop
driving button. driving button.
Table 13: View passenger list module test plan
Test Case Description Expected Result Actual Pass/Fail
TC_600_001 Press passenger list ~ The system display The system display Pass
button. the number and list ~ the number and list of

of passenger with its passenger with its

destination. destination.

Table 14 shows the overall result of the test cases. The overall result will detail the test cases modules,
number of test cases, and total success and fail test cases.

Table 14: Overall test case result

Test Case Number of Test Total Success Test Total Fail Test Case
Modules Cases Case

TC_100 3 3 0

TC_200 2 2 0

TC_300 5 5 0

TC_400 2 2 0

TC_500 3 3 0

TC_600 1 1 0
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4.2 User Acceptance Testing

User acceptance testing is a phase to determine if the system is applicable in the real world. The
requirements for the system must be accepted by the user who wants to use the system. It is mostly
performed before the system is deployed to the end user or the market. User acceptance testing allows
the user to interact with the system even before the final release of the system. To gather user feedback,
a questionnaire consisting of 10 questions was conducted through a Google Form, with a total of 20
users providing their responses. Figures 16 to 20 were included in the questionnaire, and the feedback

received from the users indicated a positive response towards the mobile application.

The system manages information properly.

20 responses

@ Strongly disagree

ee nor disagree

The system has a user friendly interface.
201espenses

@ stongly disagree

@ Disagree

Neither agree nor disagree

(@)

(b)

Figure 16(a): Result for question 1, Figure 16(a): Result for question 2

The system is easy to use.

20 responses

@ Stongly disagree
@ Disagree
Neither agree nor disagree
@ rgree
@ stongly agree

The system is built in an orderly and neat manner.

20 responses

@ strongly disagree
@ Disagree
Neither agree nor disagree
® Agree
@ Strongly agree

(@)

(b)

Figure 17(a): Result for question 3, Figure 17(a): Result for question 4

The system has potential in the future.
20 responses

3

@ Srongly disagree
@ Disagree
Nelther agree nor disagree
® Agree
@ stongly agres

The system is easy to understand.
20 responses

@ stongly disagree
@ Disagree
Neither agree nor disagree
® Agree
@ Strongly agree

o

(@)

(b)

Figure 18(a): Result for question 5, Figure 18(a): Result for question 6
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The system is managed easily. The system displays complete information properly.
20 responses 20 responses

sagree
isag
it ee ny
i
Strongly agree

(@ (b)
Figure 19(a): Result for question 7, Figure 19(a): Result for question 8

The system's functions and modules are easy to comprehend | am satisfied with the overall system.
20 responses 20 responses

(@ (b)
Figure 20(a): Result for question 9, Figure 20(a): Result for question 10

5. Conclusion

In conclusion, the development of the UTHM Bus Tracking Mobile Application using an object-
oriented approach has successfully addressed the challenges faced by UTHM students in tracking the
location of the campus bus. By leveraging the Flutter framework and Firebase server, the application
enables students to track bus locations, access real-time information, and plan their journeys effectively.
The system's implementation follows the systematic Waterfall model, ensuring a sequential
development process. The application's key findings demonstrate improved efficiency in public
transportation, enhancing students' overall bus transportation experience. The significance of this
mobile-based system in students' daily lives is highlighted, along with potential avenues for future
enhancements. With its successful implementation and positive impact, the UTHM Bus Tracking
Mobile Application serves as a valuable tool for optimizing bus system efficiency and improving the
overall transportation experience for UTHM students.
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