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ABSTRACT

The increasing demand for efficient and reliable public transportation has necessitated

innovative solutions to improve user experience and operational transparency. This re-

port presents TransitTrack, a mobile application designed to enhance communication and

coordination between students, drivers, and administrators in a decentralized environ-

ment. The application incorporates real-time driver location tracking using GPS and

Firebase, ensuring that students can monitor bus locations and drivers can access stu-

dent locations for optimized pick-up routes. Additionally, the app provides features such

as dynamic bus schedules, digital ticket purchasing with integrated payment gateways

(BKash, Rocket, and OneCard), and a feedback system for reporting issues and sug-

gestions. Leveraging Flutter for cross-platform compatibility and Firebase for real-time

database synchronization, the app achieves seamless interaction across user roles. The

implementation methodology focuses on user-centered design principles and robust data

handling, ensuring security and scalability. Testing results demonstrate accurate loca-

tion tracking, user-friendly navigation, and efficient data communication. This project

highlights the potential of technology-driven solutions in transforming traditional pub-

lic transportation systems, contributing to improved service reliability, convenience, and

operational efficiency.
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Chapter 1

Introduction

1.1 Introduction

In today’s interconnected and technology-driven era, efficient and reliable public trans-

portation systems have become indispensable, particularly for university students who

rely heavily on these services for their daily commutes. However, existing transportation

systems often fall short in addressing the real-time needs of their users. Challenges such

as the lack of accurate live bus tracking [1], insufficient scheduling transparency, and out-

dated management processes contribute to inefficiencies, delays, and frustration among

students, drivers, and administrators alike.

Recognizing these issues, this project introduces TransitTrack, a state-of-the-art mo-

bile application developed using the Flutter framework. This application is meticulously

designed to serve as a centralized platform for university transportation management.

TransitTrack aims to revolutionize university transit systems by incorporating features

such as real-time bus tracking, transport card management, ticket purchasing, and live

location sharing. These functionalities are complemented by an admin portal that en-

ables university authorities to monitor bus routes, allocate resources, and oversee driver

performance, thus ensuring a seamless and reliable transit experience.

With its robust design and user-centric approach, TransitTrack not only addresses the

limitations of traditional transportation systems but also sets a benchmark for technologi-

cal integration in university transit management. By fostering transparency, convenience,

and operational efficiency, TransitTrack strives to elevate the overall user experience for

all stakeholders, including students, drivers, and administrators.

1.2 Motivation

The motivation for this project stems from the persistent challenges faced by university

students and administrators in managing transportation effectively. Students frequently

experience issues such as missed buses, extended waiting times, and the absence of real-

time updates on bus locations and schedules. Such challenges disrupt daily routines,

©Daffodil International University 1



Chapter 1. Introduction 1.3. Objectives

leading to inefficiencies, frustration, and wasted time. Administrators, on the other hand,

struggle to manage transportation resources efficiently due to the lack of an integrated

system for tracking and monitoring operations.

In addition to addressing these challenges, this project provides an opportunity to lever-

age modern technologies like GPS, Firebase, and Flutter to create a practical, impactful

solution. The integration of real-time data, secure payment gateways, and role-based

functionalities ensures that TransitTrack meets the diverse needs of its users. Further-

more, this project aligns with a broader vision of utilizing technology to enhance everyday

experiences, making it both personally and professionally rewarding for the development

team.

Beyond solving immediate problems, TransitTrack embodies the potential to drive techno-

logical innovation within the university ecosystem. It serves as a platform to explore and

implement advanced features, such as predictive algorithms for route optimization and an-

alytics for performance monitoring. This endeavor not only contributes to academic and

professional growth but also provides a scalable solution that can be adapted for larger

public transportation networks.

1.3 Objectives

The primary objectives of the TransitTrack project are as follows:

1. Develop a mobile application using the Flutter framework to provide real-time tracking

of university buses .

2. Enable students to share their live locations with drivers, facilitating optimized pickup

routes and reducing waiting times.

3. Create a user-friendly interface for viewing bus schedules and purchasing transport

cards and tickets online.

4. Integrate secure payment gateways, such as BKash, Rocket, and OneCard, to ensure

seamless and reliable transactions.

5. Design a robust feedback mechanism that allows students to report issues, suggest

improvements, and enhance service quality.

6. Implement a scalable and efficient database system using Firebase to store user data,

bus routes, schedules, and ticketing information.

1.4 Methodology

The development and implementation of TransitTrack follow a structured methodology to

achieve the stated objectives effectively:

1.4.1 Requirements Analysis

A detailed analysis of user requirements was conducted through surveys, interviews, and

focus group discussions with university students, administrators, and drivers. These in-

©Daffodil International University 2



Chapter 1. Introduction 1.4. Methodology

sights guided the design and development process, ensuring that the application aligns

with real-world needs and expectations.

1.4.2 Design

The application’s design prioritizes user-friendliness, scalability, and cross-platform com-

patibility. Flutter was selected as the development framework for its ability to create

consistent experiences across Android and iOS platforms. Firebase serves as the backend,

providing real-time data synchronization, secure user authentication, and scalable storage

for bus routes, schedules, and ticketing information. The design incorporates modular

architecture to facilitate future updates and enhancements.

1.4.3 Implementation

• Real-Time Tracking: GPS tracking is integrated into the app to provide accu-

rate, real-time updates on bus locations, enabling students to plan their commutes

effectively.

• Dynamic Ticketing System: The app supports online purchases of transport

cards and tickets, offering a seamless and secure payment experience.

• Role-Based Functionality: Separate features and access levels are designed for

students, drivers, and administrators to ensure personalized user experiences.

• Admin Portal: Administrators can manage bus schedules, monitor driver perfor-

mance, and oversee transport card usage through a centralized dashboard.

• Feedback Mechanism: Students can provide feedback on bus services, enabling

continuous improvement and user satisfaction.

1.4.4 Testing

Testing is conducted across multiple phases to ensure functionality, reliability, and us-

ability. Unit testing validates individual components, while integration testing ensures

seamless interaction between modules. User acceptance testing (UAT) is performed to

incorporate feedback and refine the application.

1.4.5 Deployment

The app is deployed in stages, starting with a pilot launch among a select group of users to

gather initial feedback. Subsequent phases involve scaling the deployment to the broader

university community, ensuring a smooth transition to the new system.

©Daffodil International University 3
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1.5 Project Outcome

The expected outcomes of the TransitTrack project include:

1. A fully functional mobile application providing real-time bus tracking, live location

sharing, and transport card management.

2. Enhanced user satisfaction through improved transportation reliability and efficiency.

3. Simplified resource management for university administrators, leveraging data-driven

insights to optimize operations.

4. A scalable platform that can be adapted for broader public transportation systems,

extending its impact beyond university settings.

5. Strengthened communication and coordination between students, drivers, and admin-

istrators, fostering a well-organized transportation ecosystem.

6. Comprehensive documentation and analytics for monitoring system performance and

identifying areas for improvement.

1.6 Organization of the Report

The report is structured to provide a comprehensive overview of the project, as follows:

• Chapter 1: Introduction – Provides an overview of the project’s background,

motivation, objectives, methodology, and outcomes.

• Chapter 2: Literature Review – Examines existing solutions in transportation

management, highlighting their limitations and gaps.

• Chapter 3: System Design – Details the architectural design, interface design,

and database structure of the application.

• Chapter 4: Implementation – Discusses the tools, technologies, and processes

used to develop the application.

• Chapter 5: Results and Testing – Evaluates the app’s performance through

testing and user feedback.

• Chapter 6: Conclusion and Future Work – Summarizes the findings and pro-

poses future directions for enhancing the application.

©Daffodil International University 4



Chapter 2

Background

2.1 Introduction

Transportation management plays a pivotal role in shaping the efficiency and accessibil-

ity of public transit systems, particularly for university students who rely on timely and

reliable services. The lack of real-time information and organized transit management

often leads to inefficiencies such as missed buses, overcrowding, and delays. As univer-

sity campuses expand and student populations grow, addressing these challenges becomes

essential for creating a seamless commuting experience. This chapter reviews existing

research, applications, and technologies in transportation management, identifies gaps in

current systems, and positions the TransitTrack application as a unique solution to these

challenges.

2.2 Literature Review

A review of existing research and technologies related to real-time transit tracking, tick-

eting systems, and location-sharing applications is presented in Table 2.1.

2.2.1 Similar Applications

Google Maps Transit: Features include real-time transit schedules and location tracking

for buses, trains, and other public transportation[1].

Moovit: Offers route planning, real-time updates, and integration of urban transit data[2].

Transloc Rider: A campus-focused transit app that provides real-time bus tracking,

schedules, and custom pickup points designed for universities[1].

2.2.2 Related Research

Research on GPS-based tracking systems highlights advancements in real-time monitoring

of public transportation. These studies emphasize the importance of integrating predictive

©Daffodil International University 5



Chapter 2. Background 2.3. Gap Analysis

Table 2.1: Summary of Literature Reviewed
Author(s) Year Title Methodology Key Findings

Google Inc. 2007 Google Maps Transit GPS tracking, real-
time data integration,
and crowdsourced in-
formation.

Enabled real-time
tracking of public
transport, route
optimization, and
increased user
convenience[1].

Nir Erez 2012 GPS-based tracking
for public transporta-
tion

Survey-based analysis Highlighted the im-
portance of real-time
updates in reducing
delays and improv-
ing public transit
efficiency[2].

Norman 1988 The Design of Every-
day Things

User-centric design
approach

Emphasized usability
principles for improv-
ing public transporta-
tion systems[3].

algorithms to enhance reliability.

Studies on ticketing systems reveal a growing demand for digital payment gateways and au-

tomated fare calculations, with user-friendly interfaces being a critical factor in adoption[3].

Applications leveraging location-sharing technologies have demonstrated the potential to

improve public transport efficiency and route optimization by integrating crowdsourced

data.

2.3 Gap Analysis

Existing applications like Google Maps Transit and Moovit are designed to serve a broad

audience, focusing on general public transportation without tailoring their services for

specific institutions or organizations. They also lack the ability to offer private, customized

services to address the unique needs of a particular community.

The proposed TransitTrack application addresses these limitations by:

1. Providing a platform tailored specifically for universities or other institutions.

2. Offering private, role-based access for students, drivers, and administrators, ensuring

secure and personalized experiences.

3. Combining real-time bus tracking, ticket purchasing, and transport card management

into a single cohesive application.

4. Enhancing operational efficiency and user convenience with features like private service

customization and institution-specific transit solutions.

©Daffodil International University 6
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2.4 Summary

This chapter reviewed existing technologies and applications in the domain of public transit

management. It highlighted key advancements, explored limitations, and identified gaps

in current solutions. By addressing these challenges, TransitTrack is positioned as an

innovative platform tailored for universities, offering comprehensive transit management

and real-time tracking for enhanced user experiences. The next chapter will discuss the

system design and technical architecture of the proposed application.

©Daffodil International University 7



Chapter 3

Research Methodology

3.1 Requirement Analysis & Design Specification

3.1.1 Overview

This chapter outlines the methodology and design specifications adopted for the Transit-

Track application. The approach includes identifying requirements, analyzing alternatives,

and designing a comprehensive system tailored for university transit needs.

3.1.2 System Design

User Roles and Inputs:

Admin: Manages drivers, reviews transport card applications, and oversees the system.

Driver: Shares real-time location updates.

Student: Tracks buses, purchases tickets, and applies for transport cards.

Core Functionalities:

Real-Time Location Tracking:

1. Drivers update their live location periodically.

2. Students view live bus locations and routes on a map.

Transport Card Management:

1. Students apply for transport cards with institutional verification.

2. Admins approve or reject applications.

Ticketing System:

Students select routes, view costs, and complete purchases with integrated payment meth-

ods.

Firebase Integration:

Authentication:

Role-based access for Admin, Driver, and Student.

Database: Stores user data, location updates, and ticket/card transactions.

Real-Time Updates:

Ensures immediate location and data synchronization.

©Daffodil International University 8



Chapter 3. Research Methodology 3.1. Requirement Analysis & Design Specification

User Interface:

Intuitive and role-specific dashboards for Admin, Driver, and Student. Map interface for

real-time tracking. Simple forms for ticket purchasing and card applications.

3.1.3 ER Diagram

The Entity-Relationship (ER) Diagram represents the logical structure of the Transit-

Track application, showcasing relationships among entities like Admin, Driver, Student,

Transport Card, and Bus.

Figure 3.1: ER Diagram for TransitTrack Application

©Daffodil International University 9



Chapter 3. Research Methodology 3.1. Requirement Analysis & Design Specification

Figure 3.2: Transittrack App system diagram

3.1.4 Functional and Nonfunctional Requirements

Functional Requirements:

1. Role-Based Access: Admins manage drivers, view reports, and approve applications.

Drivers update their live locations and view assigned routes. Students track buses, apply

for transport cards, and purchase tickets.

2. Real-Time Location Tracking: Display live locations of buses on a map. Allow users to

track specific routes in real time.

3. Ticketing System: Enable students to purchase tickets via multiple payment methods.

Display cost dynamically based on selected routes.

4. Transport Card Management: Allow students to apply for transport cards with insti-

tutional verification. Admins can approve or reject applications.

Nonfunctional Requirements:

1. Scalability: Handle increased user load during peak hours.

2. Performance: Ensure real-time updates with minimal delay.

3. Security: Implement data encryption and secure authentication.

4. Usability: Provide a user-friendly interface with clear navigation.

3.1.5 Context Diagram

©Daffodil International University 10



Chapter 3. Research Methodology 3.1. Requirement Analysis & Design Specification

Figure 3.3: Transittrack App Sequence diagram

3.1.6 Data Flow Diagram Level 1

©Daffodil International University 11



Chapter 3. Research Methodology 3.2. Methodology and Design for TransitTrack

Figure 3.4: Context diagram

3.1.7 UI Design

The UI Design of TransitTrack focuses on creating a modern, intuitive, and user-friendly

interface. It incorporates responsive design principles to ensure optimal performance across

various Android devices, including smartphones and tablets. The layout is structured for

easy navigation between key features like bus tracking, ticket purchasing, and transport

card management. Interactive elements such as buttons, icons, and map-based visualiza-

tions are used to enhance engagement and usability. The design prioritizes accessibility

and aesthetics, ensuring a smooth and enjoyable experience for all users, with a focus on

clarity, consistency, and real-time feedback.

3.2 Methodology and Design for TransitTrack

The development of TransitTrack follows a structured methodology to ensure a seamless,

user-centric experience for all user types: admins, students, and drivers. This methodology

is designed to address key requirements such as scalability, performance, security, and

usability, ensuring the platform meets its transportation objectives effectively. Below is

the breakdown of the design and development methodology used for the TransitTrack

platform.

3.2.1 Front-End Design

The front-end design focuses on creating a visually appealing, intuitive, and responsive UI

that enhances the user experience. The front-end development follows the principles of

©Daffodil International University 12



Chapter 3. Research Methodology 3.2. Methodology and Design for TransitTrack

Figure 3.5: Transittrack App Data Flow diagram

responsive design, ensuring that the app adapts to different screen sizes and devices. Key

features of the front-end design include:

• UI Components: Interactive buttons, icons, and map-based visualizations are

used to represent different functionalities (e.g., bus tracking, ticket purchasing, card

management).

• User Flow: The app is designed to provide an intuitive flow, enabling users to easily

navigate between features like real-time tracking, ticket management, and transport

card recharges.

• Personalization: The UI allows users to customize settings such as notification

preferences and travel routes. Accessibility: The interface is designed to be acces-

sible, offering adjustable font sizes, screen reader compatibility, and high-contrast

color schemes to cater to users with disabilities

• Usability Testing: Regular testing with students, drivers, and admins is conducted

to identify usability issues and ensure that the design meets the needs of all users.

Figures 3.5 and 3.6 illustrate the role-specific menu screens and key features of the Transit-

Track application, designed to cater to students, drivers, and administrators. The Student

Menu offers an intuitive interface providing quick access to essential functionalities such

as real-time bus location tracking, viewing bus schedules, and managing transport cards,

ensuring seamless navigation and enhanced usability.

The Driver Menu is optimized for simplicity, focusing on the primary task of reporting

real-time bus locations with ”Start” and ”End” buttons for easy interaction, enabling

smooth integration with the live tracking system. The Admin Menu empowers adminis-

trators with tools to manage users, view reports, and approve transport card applications,

ensuring efficient handling of system operations. Additionally, the Location View provides
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a dynamic map interface for real-time tracking, offering precise updates on bus positions

to enhance user experience. The Bus Schedule feature allows students to access organized

schedules based on routes or timings, promoting reliability and time management.

Furthermore, the Transport Card Management system simplifies administrative tasks by

enabling the monitoring and approval of transport card applications with status indicators

for transparency. The user-friendly design ensures that each role is provided with tailored

functionalities, streamlining their respective workflows. By integrating real-time updates

and role-based access, TransitTrack enhances transportation efficiency and ensures smooth

collaboration between all users. The cohesive system design highlights the application’s

potential to modernize university transit services while addressing the unique needs of

students, drivers, and administrators effectively.

Figure 3.6: Firstview, Login and Register

Figures 3.5 and 3.6 illustrate the role-specific menu screens and key features of the Transit-

Track application, designed to cater to students, drivers, and administrators. The Student

Menu offers an intuitive interface providing quick access to essential functionalities such

as real-time bus location tracking, viewing bus schedules, and managing transport cards,

ensuring seamless navigation and enhanced usability.

The Driver Menu is optimized for simplicity, focusing on the primary task of reporting

real-time bus locations with ”Start” and ”End” buttons for easy interaction, enabling

smooth integration with the live tracking system.

The Admin Menu empowers administrators with tools to manage users, view reports,

and approve transport card applications, ensuring efficient handling of system operations.

Additionally, the Location View provides a dynamic map interface for real-time tracking,
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Figure 3.7: Student Menu , Driver Menu and Admin Menu

offering precise updates on bus positions to enhance user experience. The Bus Schedule

feature allows students to access organized schedules based on routes or timings, pro-

moting reliability and time management. Meanwhile, the Transport Card Management

system simplifies administrative tasks by enabling the monitoring and approval of trans-

port card applications with status indicators for transparency. These features collectively

demonstrate the robust design and functionality of TransitTrack, emphasizing ease of use,

efficient resource management, and improved transportation services for all users.

Figure 3.7 illustrates the card approval functionality within the TransitTrack application,

a critical feature designed for administrators to manage transport card applications. The

first screen displays a list of pending applications, showcasing essential information such

as the applicant’s name, route, and associated costs. Each application is tagged with

a ”pending” status, allowing administrators to quickly identify and process applications

requiring immediate attention.

The second screen provides a detailed view of individual applications, including compre-

hensive information about the applicant, such as their name, university ID, contact num-

ber, chosen route, payment method, and the application’s current status. This detailed

view is designed to assist administrators in making informed decisions while processing the

applications. To ensure flexibility and ease of management, administrators are presented

with three action buttons: ”Approve” to accept the application, ”Reject” to decline it,

and ”Close” to exit the detailed view and return to the main list.

This structured and user-friendly design ensures an efficient workflow for transport card

management. By integrating detailed applicant information and intuitive navigation, the
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Figure 3.8: Location view , Bus Schedule and

card approval feature enhances transparency, accountability, and operational efficiency

for administrators. Additionally, the seamless design minimizes the risk of errors, while

the streamlined functionality ensures that all applications are processed accurately and

on time. This feature not only simplifies administrative tasks but also ensures students

and drivers receive timely updates on their application status, further improving the user

experience.
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Figure 3.9: Card Approval pages

3.2.2 Back-End Design

The back-end design leverages Firebase[4], a powerful cloud platform, to handle real-time

data synchronization[5], secure authentication, and notifications. The back-end system

ensures data consistency, scalability, and security, using the following components:

Figure 3.10: Transittrack App Backend Database

• Firebase Firestore: The NoSQL database is used to store user profiles, bus sched-

ules, notifications, and tickets. Data is dynamically updated and accessible in real-

time.

• Firebase Authentication: A secure login system ensures that only authorized

users (admins, students, and drivers) can access the platform. Firebase Authentica-
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tion uses email-based verification for user authentication.

• Firebase Cloud Messaging (FCM): FCM is used to send real-time push notifi-

cations to users, alerting them about bus schedules, updates, and other important

information.

• Google Maps API: Enables real-time bus location tracking and route visualiza-

tions within the app.

• Scalability: The Firebase infrastructure ensures that TransitTrack can scale effi-

ciently to handle increasing numbers of users, bus routes, and interactions without

performance degradation.

3.3 Project Plan

The project plan is structured into the following phases to ensure systematic development

and timely completion:

Requirement Gathering:

Identify core functionalities such as real-time tracking, ticket purchasing, and transport

card management.

Conduct surveys and interviews with students, drivers, and administrators to understand

their needs.

System Design and Prototyping:

Create prototypes for the user interface and system workflows.

Design system architecture using Firebase for backend operations.

Development:

Implement key features such as role-based access, location tracking, and ticketing.

Integrate Firebase for real-time data synchronization and authentication.

Testing:

Perform functional testing for accuracy and usability.

Test the app across multiple devices and operating systems to ensure compatibility.

Deployment and Training:

Deploy the app on Google Play and Apple App Store.

Provide training materials and guides for students, drivers, and admins.

3.4 Task Allocation

As the sole developer of the TransitTrack application, the following tasks are allocated:

Development Responsibilities:

Develop the mobile app interface using Flutter.

Design and implement UI/UX features tailored for Admin, Driver, and Student roles.

Integrate real-time location tracking using Google Maps API.
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Implement Firebase for authentication, database management, and real-time synchroniza-

tion.

Develop and integrate the ticketing system and transport card management module.

Optimize app performance for seamless real-time updates.

Additional Responsibilities:

Conduct requirement analysis and document functional specifications.

Prototype and design the system architecture.

Perform comprehensive testing and debugging to ensure app reliability.

Manage deployment to app stores and provide user training materials.

3.5 Summary

This chapter detailed the methodology and design decisions behind the TransitTrack ap-

plication. Initially conceptualized as a hardware-based system, the project transitioned to

a mobile application approach using Flutter to prioritize cost-effectiveness, accessibility,

and scalability. The project plan outlines a structured development process, while task

allocation reflects the responsibilities of a single developer handling all aspects of design,

development, testing, and deployment. By leveraging smartphones’ capabilities and Fire-

base integration, the TransitTrack application effectively addresses the needs of university

students, drivers, and administrators.
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Implementation and Results

4.1 Environment Setup

To implement and test the TransitTrack application, establishing a robust and well-

configured environment was crucial. A combination of modern tools, frameworks, and

technologies was employed to ensure seamless development, efficient testing, and deploy-

ment. Below is a detailed explanation of the environment setup:

4.1.1 Android Studio

Purpose: Android Studio served as the primary Integrated Development Environment

(IDE) for designing, building, and debugging the TransitTrack application. Its powerful

features allowed developers to streamline the app development process while ensuring

compatibility across diverse device configurations.

Features Utilized:

• Emulator Testing: Android Studio’s built-in emulator provided a controlled en-

vironment to test the app on various virtual devices with different screen sizes,

resolutions, and Android versions.

• Plugin Integration: The integration of Flutter and Dart plugins allowed for ef-

ficient development, enabling real-time debugging and hot-reload capabilities for

faster iteration cycles.

• Resource Monitoring: Tools within Android Studio helped in monitoring app

performance, resource consumption, and debugging complex issues.

4.1.2 Flutter

Purpose: Flutter, an open-source framework by Google, was chosen for its ability to

create natively compiled applications for mobile devices using a single codebase.

Features Utilized:
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• Cross-Platform Development: Enabled the development of both Android and

iOS applications with consistent UI and functionality.

• Google Maps API Integration: Simplified the integration of real-time location

tracking features to monitor buses and routes accurately.

• Prebuilt Widgets: Utilized Flutter’s vast library of widgets to create an interac-

tive, responsive, and user-friendly interface.

• Animation Support: Added dynamic animations and transitions to enhance user

engagement.

4.1.3 Dart Programming Language

Purpose: Dart, the programming language used with Flutter, was utilized to write the

core logic for the application, ensuring seamless interaction between the front-end and

back-end.

Key Areas:

• Real-Time Location Tracking: Implemented efficient algorithms for processing

GPS data and updating real-time bus locations.

• Role-Based Authentication: Designed secure authentication mechanisms that

integrate with Firebase APIs to manage user roles and access.

• Data Processing: Streamlined data synchronization between the app and the

Firebase backend to maintain real-time updates and accuracy.

4.1.4 Firebase Backend

Purpose: Firebase, a Backend-as-a-Service (BaaS) platform, was chosen for its powerful

features, including real-time database management and user authentication, critical for

the TransitTrack application.

Features Utilized:

• Firestore Database: Managed user data, bus schedules, ticketing information, and

location updates in a scalable and secure environment[5].

• Firebase Authentication: Ensured secure, role-based access to the app for stu-

dents, drivers, and administrators.

• Real-Time Synchronization: Facilitated continuous updates for bus tracking and

ticketing systems, providing users with accurate and up-to-date information.

• Crashlytics: Monitored app performance and crashes, enabling faster identification

and resolution of issues.
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4.1.5 Testing Environment

Purpose: A comprehensive testing setup was established to evaluate the app’s function-

ality, compatibility, and performance in real-world scenarios.

Testing Tools and Methods:

• Device Emulator: The Android Studio emulator was extensively used for prelim-

inary testing across various device configurations.

• Real Devices: Tests were conducted on multiple Android and iOS devices to ensure

compatibility and optimal performance.

• Google Maps API Testing: Verified the accuracy of location tracking and route

mapping under different conditions, including urban areas and limited network cov-

erage.

• Load Testing: Assessed the app’s performance under high user traffic and data

synchronization loads to ensure scalability.

4.2 Testing and Evaluation

The TransitTrack application underwent rigorous testing to ensure robust performance,

seamless feature integration, and real-time updates. The testing process focused on func-

tionality, performance metrics, and user satisfaction.

4.2.1 Feature Accuracy

Testing Objectives:

• Validate the role-based access for Admin, Driver, and Student users to ensure proper

permissions and access to relevant features.

• Ensure the real-time bus location tracking feature operates accurately and updates

seamlessly.

• Test ticketing and transport card management functionalities for intuitive and error-

free operation[6].

Results:

• Role-based access control successfully limited functionalities based on user roles,

ensuring secure operations.

• Real-time bus tracking was highly accurate, with an average latency of under 1

second, exceeding user expectations.

• The ticketing and transport card systems operated flawlessly, offering students a

hassle-free experience.
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4.2.2 Performance Evaluation

Key performance metrics were evaluated to ensure the app’s functionality meets user

expectations:

• Latency: Location updates were synchronized in under 0.8 seconds on average.

• Battery Consumption: Continuous use led to a battery drain of approximately

10

• Accuracy: Location tracking achieved a 95

• Load Capacity: The Firebase backend handled high data volumes effectively,

demonstrating scalability.

4.2.3 Comparative Analysis

The app was compared to traditional GPS-based hardware systems to highlight its ad-

vantages:

• Cost-Effectiveness: The app eliminates the need for costly GPS hardware, reduc-

ing implementation costs significantly.

• Portability: As a smartphone-based solution, the app is accessible and easy to use

for students and drivers alike.

• Flexibility: Unlike hardware systems, the app can be updated and improved reg-

ularly to meet changing needs.

4.3 Results and Discussion

The implementation and testing phases revealed several key findings about the Transit-

Track application:

• Feature Performance: Role-based access, real-time location tracking, and tick-

eting functionalities exceeded performance expectations, providing an efficient and

user-friendly experience.

• Cross-Platform Consistency: The app performed seamlessly across various An-

droid and iOS devices, ensuring broad accessibility.

• User Feedback: Users praised the app’s intuitive interface, reliability, and real-

time updates, reinforcing its value as a university transit solution.

Discussion: While the app demonstrated high functionality and usability, challenges such

as battery consumption and dependency on network quality were noted. Future improve-

ments will focus on addressing these limitations to further enhance user satisfaction.
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4.4 Summary

This chapter detailed the implementation, testing, and results of the TransitTrack ap-

plication. A robust environment setup enabled productive development, while rigorous

testing ensured functionality and reliability. The app achieved its objectives of provid-

ing real-time bus tracking, ticketing, and transport card management, establishing itself

as a cost-effective and portable solution for university transportation systems. Future

enhancements will focus on optimizing battery usage and network dependency, ensuring

TransitTrack continues to meet the evolving needs of its users.
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Engineering Standards and Design

Challenges

5.1 Compliance with the Standards

In the development of TransitTrack, adherence to established standards in software, hard-

ware, and communication was crucial to ensure that the application met high reliability,

efficiency, and security benchmarks. This section elaborates on the specific standards

followed and the rationale behind their selection.

5.1.1 Software Standards

Standard Used: Flutter Framework

Alternatives: React Native, Swift (iOS Development)

Pros:

• Flutter facilitates cross-platform development, enabling a single codebase to generate

apps for both Android and iOS, reducing development time and cost.

• It offers a rich widget library and a high-performance rendering engine, ensuring

smooth and visually appealing user interfaces.

• Backed by Google, Flutter has an active and growing developer community with

frequent updates and comprehensive documentation.

• It provides a hot reload feature, allowing developers to see code changes instantly,

which improves productivity.

Cons:

• Learning Dart, the programming language used in Flutter, may pose a challenge for

developers unfamiliar with it.

• Apps built with Flutter may have larger file sizes compared to those developed using

native frameworks.
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Rationale for Selection: Flutter was chosen for its robust cross-platform development

capabilities, which are essential for ensuring broad accessibility for university students.

Its ability to deliver high-performance UI and seamless integration with Firebase further

reinforced its suitability for this project.

Standard Used: Firebase

Alternatives: AWS Amplify, MongoDB

Pros:

• Firebase provides a real-time database, user authentication, and analytics tools, all

in one package, simplifying development.

• It offers scalability to handle large volumes of user data and traffic without requiring

additional server management[7].

• Seamless integration with Flutter ensures smooth implementation of app features

like real-time updates and user management.

• Firebase’s analytics tools enable monitoring user engagement and app performance

for continuous improvements.

Cons:

• Firebase is a proprietary platform, potentially leading to vendor lock-in, which may

limit flexibility in the long term.

• Server-side customizations are limited compared to traditional backend solutions,

which could restrict advanced use cases.

Rationale for Selection: Firebase was selected for its capability to handle real-time

updates and secure user authentication with minimal setup. These features align well

with the requirements of TransitTrack for tracking buses and managing transport card

functionalities.

5.1.2 Hardware Standards

Standard Used: Minimum Android API Level 21 (Lollipop)

Alternatives: Higher API levels or iOS 12.0 and above.

Pros:

• Ensures compatibility with a wide range of Android devices, increasing the app’s

accessibility for university students.

• API Level 21 supports modern APIs for features such as GPS tracking, secure data

connections, and advanced UI rendering.

• Minimizes exclusion of users by balancing modern feature support with backward

compatibility.
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Cons:

• Devices running older Android versions (below API Level 21) are excluded, poten-

tially alienating a small segment of users.

Rationale for Selection: The minimum API Level 21 was chosen to ensure broad ac-

cessibility while leveraging modern APIs for advanced functionality. This decision reflects

a balance between technological capabilities and user inclusivity.

5.1.3 Communication Standards

Standard Used: HTTPS for Secure Communication

Alternatives: HTTP, FTP

Pros:

• HTTPS encrypts data transmission between the app and Firebase, safeguarding

sensitive user information such as login credentials and real-time location data.

• Recognized as an industry standard for secure communication, ensuring user trust

and data integrity.

• Enhances compliance with data protection regulations such as GDPR and CCPA.

Cons:

• Requires the setup and maintenance of SSL/TLS certificates, which adds adminis-

trative overhead and costs.

Rationale for Selection: HTTPS was implemented to provide secure communication

channels, ensuring user data confidentiality and app integrity. Its industry-wide acceptance

as a standard made it the obvious choice for this project.
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5.2 Impact on Society, Environment, and Sustainability

TransitTrack aims to make university transportation more efficient while contributing

positively to society and the environment. This section outlines the project’s broader

impact in key areas.

5.2.1 Impact on Life

• Enhanced Commuting Experience: By providing real-time bus tracking, stu-

dents can reduce waiting times, plan their commutes effectively, and avoid the in-

convenience of missed buses.

• Ease of Use: The app’s intuitive, role-based access ensures that users can navigate

its features effortlessly, whether they are students, drivers, or administrators.

• Inclusivity: Designed with accessibility in mind, the app ensures that students

with disabilities can equally benefit from its features, promoting equitable access to

transportation services.

5.2.2 Impact on Society and Environment

• Reduced Carbon Footprint: By optimizing bus routes and minimizing unneces-

sary trips, TransitTrack contributes to reduced fuel consumption and lower green-

house gas emissions.

• Digital-First Approach: The app eliminates the need for paper tickets and phys-

ical notices, aligning with sustainability goals and reducing environmental impact.

• Improved Campus Connectivity: TransitTrack fosters better communication

between students, drivers, and administrators, enhancing the overall transportation

ecosystem.

5.2.3 Ethical Aspects

TransitTrack is committed to upholding ethical principles throughout its design and op-

eration. Key ethical considerations include:

• Data Privacy and Security: User data is encrypted and stored securely, with

regular audits to ensure compliance with privacy regulations.

• Transparency: Clear communication about data usage and app functionality is

provided through detailed user agreements and privacy policies.

• Fair Practices: The app provides equal access to all users, irrespective of their

background or role, fostering trust and reliability.
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5.2.4 Sustainability Plan

• Environmental Sustainability: Transitioning to a fully digital ticketing system

reduces paper waste, contributing to a greener environment.

• Energy Optimization: Efforts are made to optimize the app’s backend operations,

reducing the energy footprint of cloud resources.

• Community Engagement: User feedback is actively gathered to ensure the app

evolves in line with the university community’s needs.

5.3 Project Management and Financial Analysis

Table 5.1: Detailed Project Costs for TransitTrack Development
Category Description Estimated Cost (BDT)

Firebase Cloud
Services

Real-time database, user authentication,
analytics, and hosting services essential
for app functionality. Cost includes us-
age for development and testing phases.

8,000

Google Play De-
veloper License

Annual developer license required to
publish the application on the Google
Play Store, ensuring accessibility to An-
droid users.

3,000

Development
Software and
Tools

Includes software like Android Studio,
design tools (e.g., Figma), and any paid
plugins or libraries needed for develop-
ment.

5,000

Device Testing Purchase or rental of devices for testing
the app across multiple platforms (e.g.,
Android phones with varying specifica-
tions) to ensure compatibility and per-
formance.

10,000

Human Resources Compensation for developers, designers,
and testers involved in building and re-
fining the application during its develop-
ment lifecycle.

15,000

Marketing and
Documentation

Creation of promotional materials (e.g.,
posters, online ads) and detailed docu-
mentation for users and administrators.

4,000

Contingency
Budget (10%)

Reserved for unforeseen expenses during
the development or deployment phases,
such as bug fixes, additional tools, or ex-
tended testing.

4,500

Total Comprehensive costs for the Tran-
sitTrack project development, de-
ployment, and initial operation.

49,500
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The table above outlines the estimated costs associated with TransitTrack’s develop-

ment. These costs encompass essential services, tools, and resources, ensuring the project

remains financially feasible.
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5.4 Complex Engineering Problem

5.4.1 Complex Problem Solving

In this section, provide a mapping with problem solving categories. For each mapping add

subsections to put rationale (Use Table 5.2). For P1, you need to put another mapping

with Knowledge profile and rational thereof.

Table 5.2: Mapping with complex problem solving.
EP1 EP2 EP3 EP4 EP5 EP6 EP7
Dept of
Knowl-
edge

Range
of Con-
flicting
Require-
ments

Depth of
Analysis

Familiarity
of Issues

Extent of
Applicable
Codes

Extent
of Stake-
holder
Involve-
ment

Inter-
dependence

✓ ✓ ✓ ✓ ✓

Mapping with Knowledge Profile for EP1

This table 5.3) is designed to map the EP1 to the Knowledge Profile.

Table 5.3: Mapping with knowledge Profile.
K3 K4 K5 K6 K8
Engineering
Funda-
mentals

Specialist
Knowl-
edge

Engineering
Design

Engineering
Practice

Research
Literature

√ √ √ √ √

5.4.2 Engineering Activities

In this section, provide a mapping with engineering activities. For each mapping add

subsections to put rationale (Use Table 5.4).

5.5 Summary

The TransitTrack project adhered to relevant software, hardware, and communication

standards, ensuring a secure, scalable, and user-friendly solution. Complex engineering
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Table 5.4: Mapping with complex engineering activities.
EA1 EA2 EA3 EA4 EA5
Range of re-
sources

Level of Interac-
tion

Innovation Consequences
for society and
environment

Familiarity

✓ ✓ ✓ ✓ ✓

challenges were addressed through innovative use of technology and a deep understanding

of user needs. The app successfully integrates real-time tracking, ticketing, and transport

card management, providing an efficient and sustainable solution for university transporta-

tion systems.
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Conclusion

6.1 Summary

This chapter provides an overview of the TransitTrack application, summarizing its de-

velopment process, key features, and the challenges encountered throughout the project.

TransitTrack is a comprehensive solution designed to revolutionize university transporta-

tion management by addressing common pain points such as delayed bus arrivals, lack of

route transparency, and manual ticketing inefficiencies.

The application features intuitive tools for real-time bus tracking, ticket purchasing, and

transport card management, ensuring a seamless experience for students, drivers, and

administrators. Built with Flutter for cross-platform compatibility, the app integrates

Firebase for real-time data synchronization, user authentication, and secure cloud-based

operations. The successful implementation of role-based access ensures that each user

category interacts with tailored features relevant to their specific needs.

Key achievements of this project include the real-time location-sharing feature for op-

timized pickups, an efficient ticketing system integrated with secure payment gateways,

and scalable architecture capable of accommodating dynamic transit demands. Rigorous

testing validated the app’s functionality, robustness, and user-friendliness. TransitTrack

has successfully fulfilled its primary objective of improving transportation efficiency and

enhancing user convenience while providing a scalable, cost-effective solution adaptable to

other institutions or public transport systems.
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6.2 Limitations

While TransitTrack achieves significant advancements in university transportation man-

agement, the project encountered several limitations that highlight areas for potential

improvement:

1. Network Dependency: The app relies heavily on a stable internet connection to de-

liver real-time tracking and data synchronization. In regions with poor network coverage,

users may experience delays or inaccuracies in location updates.

2. Battery Consumption: The continuous operation of GPS tracking and real-time data

processing imposes a notable drain on smartphone batteries, particularly during prolonged

app usage.

3. Device Limitations: App performance is influenced by the hardware capabilities of

users’ devices. Older or less powerful smartphones may face challenges such as slower

response times, higher battery consumption, or app crashes.

4. Environmental Factors: External factors such as weather conditions, physical ob-

structions, or GPS signal interference may impact the accuracy of bus location updates

and route navigation.

5. Scalability Challenges: Although designed to meet university transit requirements,

the current system architecture may require optimization to accommodate larger insti-

tutions, multi-campus environments, or public transportation networks with high user

loads.

6. Limited Integration: The current implementation focuses primarily on university

transit, leaving potential integrations with advanced vehicle systems or third-party services

unexplored.

These limitations, while not detrimental to the core functionality of the application, pro-

vide valuable insights for guiding future enhancements and optimizations.
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6.3 Future Work

To ensure the continuous improvement of TransitTrack, future developments will aim to

address the identified limitations and introduce innovative features that enhance function-

ality, scalability, and user satisfaction. The following directions are proposed for future

work:

1. Offline Functionality: Implement offline capabilities to allow users to access bus

schedules, routes, and ticket purchasing options even without an internet connection[8].

This feature will enhance usability in areas with unreliable network connectivity.

2. Battery Optimization: Introduce energy-efficient algorithms and optimize back-

ground processes to minimize battery consumption during prolonged app usage[8].

3. Expanded Admin Analytics: Develop advanced analytics dashboards for adminis-

trators, featuring key performance indicators such as bus punctuality, user activity trends,

and system efficiency metrics.

4. Integration with Vehicle Systems: Explore integration with bus hardware systems,

enabling advanced features such as real-time seat availability, driver behavior monitoring,

and predictive maintenance alerts[9].

5. Enhanced Scalability: Refactor the system architecture to support larger-scale de-

ployments, enabling TransitTrack to handle multi-campus institutions or broader public

transportation networks.

6. Advanced Security Measures: Strengthen security protocols by integrating en-

cryption mechanisms, multi-factor authentication, and GDPR-compliant data protection

policies to safeguard user and operational data.

7. User Feedback Integration: Develop a feedback module to gather user suggestions

and insights continuously, enabling agile improvements and feature updates aligned with

user preferences and emerging needs.

8. Multi-Language Support: Incorporate multilingual capabilities to make the appli-

cation accessible to users from diverse linguistic backgrounds.

9. Artificial Intelligence Integration: Utilize AI for predictive analytics to optimize

bus scheduling, suggest efficient routes based on traffic patterns, and provide users with

estimated arrival times.

10. Gamification for Engagement: Introduce gamified elements, such as rewards or

achievements for frequent users, to promote engagement and app usage.

These proposed enhancements aim to position TransitTrack as a robust, scalable, and user-

friendly solution capable of adapting to evolving transportation challenges and expanding

its applicability to other domains. By addressing these aspects, TransitTrack can continue

to deliver innovative and impactful solutions in the realm of transportation management.
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