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ABSTRACT 

 

The lack of real-time information in university shuttle bus services creates significant 

difficulties for students, including uncertainty about bus arrival times, inability to determine 

seat availability, and absence of emergency communication. Existing applications such as 

Moovit, Google Maps, RapidKL Pulse, and Justnaik do not serve UTAR students as they either 

do not track UTAR buses, lack occupancy information, require continuous internet 

connectivity, or lack emergency reporting. This project applies Artificial Intelligence of Things 

(AIoT) to address these limitations through a real-time bus tracking and occupancy estimation 

system. The system consists of a Raspberry Pi 4 with a Neo-6M GPS module and 5MP camera 

running the YOLOv8n object detection model for passenger counting. The hardware performs 

edge-based passenger counting at 640×480 resolution with a confidence threshold of 0.3, 

processing one frame every 10 seconds while preserving passenger privacy by never uploading 

raw images to the cloud. The system transmits GPS coordinates and passenger counts to 

Firebase at 10-second intervals, while a Flutter mobile application with role-based interfaces 

for students, drivers, and administrators caches data locally using Hive for offline-first 

functionality. The system was evaluated through GPS accuracy testing (30 samples along the 

UTAR–Westlake route), passenger counting accuracy against manual counts (50 frames across 

5 occupancy levels), Firebase data transmission testing, and offline mode testing across seven 

scenarios. GPS accuracy achieved an average error of 0.40 metres (min: 0.28m, max: 0.52m). 

Passenger counting accuracy reached 94.1% (MAE: 1.18 persons, RMSE: 1.52 persons), 

exceeding the 90% target. All offline mode test scenarios passed successfully. End-to-end 

system latency from camera capture to mobile display averaged 1.15 seconds. The system 

successfully demonstrates that AIoT technologies can effectively improve university shuttle 

bus services through real-time tracking, occupancy estimation, emergency reporting, offline 

functionality, and role-based access. 

 

Area of Study: Artificial Intelligence of Things, Intelligent Transportation Systems 

 

Keywords: Real-time bus tracking, occupancy estimation, YOLOv8 object detection, 

Raspberry Pi, Firebase, offline mode, emergency reporting, Flutter, edge computing, university 

shuttle service 
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Chapter 1 

Introduction 

 

This chapter presents the background and motivation for developing the UTAR Bus Tracker 

system. It covers the problem statement, project objectives, project scope, contributions, and 

report organisation. 

 

1.1 Problem Statement and Motivation 

Universiti Tunku Abdul Rahman (UTAR) Kampar Campus provides shuttle bus services to 

transport students between the main campus and nearby residential areas, particularly 

Westlake. However, students face significant difficulties in using this service effectively due 

to a lack of real-time information. 

 

First, students have no way of knowing the current location of the shuttle bus. They are required 

to wait at bus stops without any indication of when the bus will arrive, which leads to wasted 

time and uncertainty. This problem is particularly acute during peak hours when multiple 

students wait for the same bus. 

 

Second, students cannot determine the occupancy level of an approaching bus. No information 

is available about whether the bus has available seats or is already full. As a result, students 

often wait for a bus only to find that they cannot board due to overcrowding, forcing them to 

wait for the next bus and potentially causing them to be late for classes. 

 

Third, there is no mechanism for reporting emergencies that occur on the bus. If a bus 

experiences a breakdown, accident, or medical emergency, students and drivers have no way 

to immediately notify university administrators. This lack of emergency communication 

creates safety concerns for bus passengers. 

 

Fourth, existing bus tracking applications such as Moovit, Google Maps, RapidKL Pulse, and 

Justnaik do not adequately serve UTAR students. These applications either do not track UTAR 

buses at all, lack occupancy information, require continuous internet connectivity, do not 
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support emergency reporting, or present the same interface to all users regardless of their role. 

A detailed review of these existing systems is presented in Chapter 2. 

 

Based on the limitations identified in existing systems, this project aimed to develop a 

comprehensive bus management system specifically for UTAR Kampar Campus that integrates 

Artificial Intelligence of Things (AIoT) to provide real-time bus tracking, occupancy 

estimation using computer vision, emergency reporting, offline functionality, and role-based 

interfaces for students, drivers, and administrators. 

 

1.2 Objectives 

The following objectives were established for the UTAR Bus Tracker system: 

 

Objective 1: To design and develop an AIoT-based real-time shuttle bus tracking architecture 

that captures bus location through an onboard GPS module and synchronises the location data 

to a cloud database for real-time display in a mobile application.  

 

Objective 2: To implement an edge-based passenger occupancy estimation module using a 

Raspberry Pi camera and YOLOv8 object detection model to count passengers locally, preserve 

passenger privacy, and provide real-time seat availability information to students.  

 

Objective 3: To develop an offline-first mobile application for shuttle bus monitoring using 

Flutter, Firebase, and Hive local caching, enabling students to access bus routes, schedules, last 

known bus location, and essential information even under poor internet connectivity.  

 

Objective 4: To design and implement a role-based shuttle service management system that 

provides separate interfaces and functions for students, drivers, and administrators, including 

bus tracking, trip management, emergency reporting, notification broadcasting, and 

administrative monitoring.  

 

Objective 5: To deploy and evaluate the AIoT prototype under simulated shuttle operating 

conditions by measuring GPS accuracy, YOLOv8 passenger counting accuracy, data 

transmission reliability, offline-mode behaviour, mobile application performance, and end-to-

end system response.  



CHAPTER 1 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
3 

 

1.3 Project Scope 

The UTAR Bus Tracker system was scoped to the following areas: 

 

Geographical Scope: The system was designed specifically for the UTAR Kampar Campus 

shuttle bus route between the main campus and Westlake residential area. Bus stops along this 

route were included in the system. 

 

Hardware Scope: The system used a Raspberry Pi 4 as the onboard processing unit, a Neo-

6M GPS module for location tracking, and a 5MP night vision camera module for passenger 

counting. The hardware was designed to be installed on a single bus as a prototype. The system 

was tested inside a moving car to simulate real-world operating conditions, but it was not 

deployed on an actual operational UTAR shuttle bus during this project phase. 

 

Software Scope: The system included a Flutter mobile application for Android devices, 

Firebase Realtime Database for real-time data synchronisation, Cloud Firestore for persistent 

data storage, and Firebase Authentication for user management. The mobile application 

supported three user roles with distinct interfaces. The Hive database was used for local data 

caching to support offline functionality. 

 

AIoT Integration Scope: The system implemented Artificial Intelligence (YOLOv8 object 

detection) on the Internet of Things device (Raspberry Pi 4). The AI processing was performed 

at the edge, meaning raw camera frames were processed locally on the Raspberry Pi and never 

uploaded to the cloud, thereby preserving passenger privacy. 

 

User Scope: The system supported three user types: students who used the bus service, drivers 

who operated the buses, and administrators who managed the system. Student users were able 

to view bus locations, schedules, occupancy, favourite bus routes, view bus estimated time of 

arrival (ETA), and notifications. Driver users were able to start and end trips, update 

occupancy, report emergencies, and view notifications. Administrator users were able to view 

system statistics, manage emergencies, and broadcast notifications. 

 

Out of Scope: The following items were not covered in this project: 

• Tracking multiple buses simultaneously (the prototype tracked one bus) 
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• Ticketing or payment system for bus fares 

• Route optimisation or dynamic route planning 

• iOS version of the mobile application (Android only) 

• Real-time traffic condition integration for estimated time of arrival (ETA) calculation 

• Deployment on an actual operational bus (testing was conducted on a moving car instead) 

 

1.4 Project Contributions 

This project made the following contributions to the field of AIoT-enabled transportation 

systems. These contributions are divided into two categories: application contributions that 

directly benefit end users, and technical contributions that advance the integration of AI and 

IoT technologies. 

 

1.4.1 Application Contributions 

1. Role-Based Interface Design for Transportation Systems: The system provided three 

distinct interfaces tailored to the needs of students, drivers, and administrators. This ensured 

that each user type had access to the features they needed without being overwhelmed by 

irrelevant options. The three portals implemented were Student Portal (bus tracking, bus 

schedules, notifications, favourite routes, ETA viewing), Driver Portal (trip management, 

occupancy update, emergency reporting, emergency history, notifications), and Admin Portal 

(dashboard with system statistics, emergency management, notification broadcasting to 

students or drivers). 

 

2. Integrated Emergency Reporting for University Shuttle Service: The system provided a 

complete emergency reporting workflow from driver report to administrator resolution. Drivers 

were able to report emergencies at three severity levels (Low, Medium, High), and 

administrators were able to update the status from pending to in progress to resolved. This 

addressed a critical safety gap in existing university shuttle services, where no mechanism 

existed for drivers to immediately notify administrators about breakdowns, accidents, or 

medical emergencies. 

 

3. Offline-First Architecture for Bus Tracking: Unlike existing bus tracking applications 

such as Moovit and Google Maps that required continuous internet connectivity, this system 

implemented local data caching using Hive. The application remained functional during 
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connectivity disruptions, allowing students to view bus routes, schedules, favourite routes, and 

the last known bus location even when offline. The system automatically synchronised cached 

data with Firebase when the connection was restored. All seven offline test scenarios passed 

successfully. 

 

1.4.2 Technical Contributions 

1. Edge-Based Passenger Counting Using YOLOv8 on Raspberry Pi: The system 

implemented passenger counting directly on the Raspberry Pi 4 using the YOLOv8n object 

detection model. Unlike cloud-dependent solutions that required uploading video streams to 

remote servers, the AI processing was performed entirely at the edge on the embedded device. 

The passenger counting accuracy achieved 94.1% in testing, with a mean absolute error of 1.18 

persons. The model processed 640×480 resolution frames with a confidence threshold of 0.3, 

completing inference in approximately 0.5 seconds per frame. 

 

2. Privacy-Preserving Local Image Processing: A key technical contribution of this system 

was that raw camera frames containing passenger images were processed locally on the 

Raspberry Pi and never transmitted to the cloud. Only the passenger count (an integer value), 

GPS coordinates, and timestamp were uploaded to Firebase. The raw frames were discarded 

from memory immediately after inference. This privacy-first edge design addressed passenger 

concerns about surveillance and data collection that would arise if camera feeds were 

transmitted to cloud servers for processing. This distinguished the system from cloud-

dependent passenger counting solutions where images must leave the device. 

 

3. AIoT Data Pipeline from Hardware to Mobile Client: The system implemented a 

complete AIoT pipeline integrating hardware sensors (Neo-6M GPS module for location, 5MP 

camera for passenger counting), edge AI processing (YOLOv8 inference on Raspberry Pi 4), 

cloud synchronisation (Firebase Realtime Database for live data, Cloud Firestore for persistent 

storage), and mobile visualisation (Flutter application with real-time map updates). The three-

threaded Python architecture on the Raspberry Pi managed GPS parsing, occupancy detection, 

and Firebase upload simultaneously, with thread locks ensuring data consistency. The entire 

pipeline from camera capture to mobile display achieved an average end-to-end latency of 1.15 

seconds. 
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4. Firebase Real-Time Synchronisation for Shuttle Tracking: The system leveraged 

Firebase Realtime Database to synchronise bus location and occupancy data from the 

Raspberry Pi to all connected mobile clients within milliseconds of each update. The mobile 

application subscribed to real-time listeners that automatically received data change events 

without requiring manual refresh. This architecture enabled students to see bus marker 

movements and occupancy updates as soon as the Raspberry Pi transmitted new data. 

 

5. Offline-First Data Synchronisation with Hive and Conflict Resolution: The system 

implemented a complete offline-first architecture where all essential data (bus stops, routes, 

schedules, last known location, user favourites, emergency reports) was cached locally in Hive. 

The Connectivity Plus package detected network state changes and triggered automatic 

switching between online and offline modes. When connectivity was restored, the system 

synchronised local changes with Firebase using timestamp-based last-write-wins conflict 

resolution. This ensured that user actions performed offline (such as adding favourite routes or 

creating emergency reports) were never lost. 

 

1.5 Report Organisation 

This report was organised into seven chapters. 

 

Chapter 1: Introduction (this chapter) presents the problem statement, project objectives, 

project scope, and contributions of the UTAR Bus Tracker system. 

 

Chapter 2: Literature Review reviews the technologies used in the system, including 

hardware platform (Raspberry Pi 4, Neo-6M GPS, camera module), mobile development 

platform (Flutter, Dart), backend services (Firebase), local storage solution (Hive), mapping 

integration (Google Maps API), computer vision (YOLOv8, OpenCV), and the Python 

implementation on Raspberry Pi. It also reviews four existing bus tracking applications 

(Moovit, Google Maps, RapidKL Pulse, and Justnaik) and identifies their limitations, which 

the proposed system addresses. 

 

Chapter 3: System Methodology describes the Rapid Application Development (RAD) 

methodology adopted for this project and the AIoT experimental workflow. It presents the 

system architecture diagram showing the interaction between Raspberry Pi hardware, Firebase 
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cloud services, and the mobile application. It also includes the use case diagram with 

descriptions for all three actors (Student, Driver, Admin), activity diagrams for user 

authentication, real-time bus tracking, and offline mode, and a sequence diagram for the real-

time tracking flow. 

 

Chapter 4: System Design presents the detailed design of the system, including the system 

block diagram, hardware component specifications, circuit connections, component interaction 

operations (GPS data collection, camera capture, passenger counting, data upload, real-time 

synchronisation, offline mode, and privacy preservation), and database design for both Firebase 

Realtime Database and Cloud Firestore. 

 

Chapter 5: System Implementation documents the implementation of the system, including 

hardware setup steps, software setup, dependency installation, Python script development, 

systemd service configuration, Firebase project configuration, and Flutter application 

development. System operation is documented with 62 figures showing screenshots of all three 

role-based portals and flowcharts illustrating the user journey for each page. 

 

Chapter 6: System Evaluation and Discussion presents the testing methodology, 

performance metrics, and test results for GPS accuracy (30 samples, 0.40m average error), 

passenger counting accuracy (50 frames, 94.1% accuracy), end-to-end latency (1.15s average), 

offline mode (7 scenarios passed), and mobile application performance. It discusses project 

challenges and evaluates the extent to which each objective has been achieved with supporting 

evidence tables. 

 

Chapter 7: Conclusion and Recommendation summarises the project outcomes, restates the 

achievements of each objective, and provides seven recommendations for future 

improvements, including deployment on multiple buses, iOS application development, wide-

angle camera lens, enhanced GPS module, real-time traffic integration, battery optimisation, 

and push notification implementation. 
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Chapter 2 

Literature Review 

 

This chapter reviewed the technologies employed in developing the UTAR Bus Tracker system 

and evaluated existing bus tracking applications. The chapter is divided into two main sections: 

a review of technologies and a review of existing systems. 

 

2.1 Review of Technologies 

This section provided a comprehensive review of the technologies employed in developing the 

UTAR Bus Tracker system. The technologies were categorised into hardware platform, mobile 

development framework, backend services, local storage solution, mapping integration, state 

management, location services, and computer vision processing. 

 

2.1.1 Hardware Platform 

The hardware foundation of this system consisted of several components working in 

coordination to achieve real-time bus tracking and passenger counting. 

 

Raspberry Pi 4 

The Raspberry Pi 4 served as the central processing unit installed on the bus. It was a single-

board computer that ran a Linux-based operating system and provided General Purpose Input 

Output (GPIO) pins for connecting various sensors and modules [1]. The Raspberry Pi 4 was 

selected for this project due to several advantages: low cost making it feasible to deploy on 

multiple buses, built-in Wi-Fi and Bluetooth for wireless data transmission, quad-core Cortex-

A72 processor capable of running Python scripts and managing real-time data processing, 40 

GPIO pins for connecting GPS modules and camera modules, and operating system flexibility 

supporting Raspberry Pi OS (Debian-based) for easy installation of required libraries and 

packages. The Raspberry Pi 4 was programmed using Python to read GPS data from the Neo-

6M module and send the information to Firebase Realtime Database at a configurable interval 

of 10 seconds. 
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Neo-6M GPS HAT with Antenna 

The Neo-6M GPS HAT (Hardware Attached on Top) with Antenna was a Global Positioning 

System module that communicated with satellites to determine geographical coordinates. This 

module utilised the u-Blox Neo-6M chip and output data in NMEA (National Marine 

Electronics Association) format [2]. The GPS module was connected to the Raspberry Pi 4 via 

four jumper wires: the 5V pin to the 5V pin for power supply, the GND pin to the GND pin for 

ground connection, the TXD pin to the RXD pin for data transmission, and the RXD pin to the 

TXD pin for data reception. The module required approximately 5 to 10 minutes under open 

sky to achieve a fixed connection with satellites, indicated by a blinking red LED. Once fixed, 

it provided accurate longitude and latitude coordinates that were parsed from the NMEA 

sentences, specifically from the $GPRMC message which contained the recommended 

minimum navigation data. 

 

Raspberry Pi Camera Module 5MP 

The 5MP camera module was attached to the Raspberry Pi 4 via a ribbon cable connected to 

the Camera Serial Interface (CSI) port. The camera was positioned to capture the full interior 

view of the bus, enabling the system to detect and count all passengers currently on board in 

real-time. The camera module offered maximum 1080p video capture resolution, a 5-

megapixel Omnivision OV5647 sensor, compatibility with all Raspberry Pi models, and a CSI 

connection for high-speed data transfer. 

 

Power Bank and Mobile Phone 

A power bank served as the portable power supply for the Raspberry Pi 4 and its connected 

modules when deployed on the bus, ensuring the system remained operational during bus 

operations without requiring a fixed power source. A mobile phone (Android device) acted as 

the client device running the Flutter application, where students and drivers installed the 

application on their personal phones to access real-time bus information. 

 

Laptop for Development 

A laptop served as the development machine for this project. The specifications of the laptop 

were ASUS VivoBook X513UA / M513UA model, powered by an AMD Ryzen 5 5500U 

processor with Radeon Graphics, running Windows 11 operating system, equipped with 8GB 

RAM, 512GB SSD storage, and AMD Radeon 496MB graphics. It hosted Android Studio 
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Hedgehog (version 2023.1.1) for Flutter application development and provided SSH access to 

the Raspberry Pi 4 for code deployment and debugging. 

 

2.1.2 Mobile Development Platform 

Flutter Framework 

Flutter is an open-source UI software development kit (SDK) created by Google for building 

cross-platform applications from a single codebase [3]. Flutter version 3.32.8 was used in this 

project with Dart version 3.8.1. The key advantages of Flutter included a single codebase 

allowing deployment to both iOS and Android platforms, a hot reload feature enabling 

developers to see changes immediately without recompilation, a rich widget library providing 

pre-designed widgets for building complex user interfaces, compilation to native ARM code 

for smooth animations and fast startup times, and a large ecosystem with extensive packages 

available on pub.dev. For this project, Flutter was chosen because it enabled rapid development 

of a responsive mobile application with real-time map integration and smooth user interactions 

across different screen sizes. 

 

Dart Programming Language 

Dart is the programming language used with Flutter. It is an object-oriented, class-based 

language with C-style syntax that compiles to both native machine code and JavaScript [4]. 

Dart features included Ahead-of-Time (AOT) compilation that converted Dart code to native 

machine code for fast startup, Just-in-Time (JIT) compilation enabling hot reload during 

development, and built-in support for Futures and async/await patterns for handling 

asynchronous operations such as real-time data streams. 

 

2.1.3 Backend Services 

Firebase Realtime Database 

The Realtime Database is a NoSQL cloud database that synchronises data in real-time across 

all connected clients, with data stored as JSON and synchronised instantly to every connected 

device [5]. In this system, the Realtime Database stored bus location data including latitude 

and longitude coordinates, bus operational status (active or inactive), bus occupancy 

information, and last updated timestamps. Data was written from the Raspberry Pi 4 using the 

Firebase Admin SDK and read by the Flutter application through real-time listeners. 

 

https://pub.dev/
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Firebase Authentication 

Firebase Authentication provided backend services for verifying user identity, supporting 

email and password authentication which was implemented in this system. Users registered 

using their UTAR email addresses (ending with @utar.edu.my or @1utar.my), and their role 

(student, driver, or admin) was stored in Firestore upon registration. 

 

Cloud Firestore 

Firestore is a flexible, scalable database for mobile and web applications that offers more 

advanced querying capabilities and better scalability compared to the Realtime Database [5]. 

This system used Firestore to store user profiles (name, email, role, creation date), bus stops 

information (name, location coordinates, description), bus routes and schedules, emergency 

reports, notifications, and user favourites. 

 

Firebase Admin SDK 

The Firebase Admin SDK was used on the Raspberry Pi 4 to enable server-side interaction 

with Firebase services. It required a service account credentials file for authentication. The 

Python implementation of the Admin SDK provided the necessary methods to write bus 

location data to the Realtime Database at a configurable interval of 10 seconds. 

 

2.1.4 Local Storage Solution 

Hive Database 

Hive is a lightweight, NoSQL database written in pure Dart that was specifically designed for 

Flutter applications [6]. It was selected for offline data storage in this system based on having 

no native dependencies (meaning it worked on all platforms without additional setup), fast 

performance using binary serialisation for quick read and write operations, type safety 

supporting custom adapters for storing complex objects, and lazy loading that loaded data only 

when requested to reduce memory usage. In this system, Hive cached the following data for 

offline access: bus stops (names, locations, descriptions), bus routes and schedules, latest bus 

locations (last known position, speed, occupancy), user favourites, emergency reports, 

notifications, active trips, and offline sync timestamps. The offline capability ensured that users 

could still view bus information when internet connectivity was unavailable. When the 

connection was restored, the system automatically synchronised cached data with Firebase. 

 

https://utar.edu.my/
https://1utar.my/
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2.1.5 Mapping Integration 

Google Maps API 

Google Maps Platform provides mapping services through Application Programming 

Interfaces (APIs). This project used the google_maps_flutter package, which was a Flutter 

wrapper around the native Google Maps SDK for iOS and Android [7]. The Google Maps API 

was used to display the current bus location on an interactive map, show bus stop locations 

with custom markers, render route polylines between UTAR campus and Westlake residences, 

and provide map controls such as zoom, pan, compass, and my-location button. A custom map 

style was applied to remove unrelated markers (such as restaurants, shops, and other points of 

interest) to maintain focus on bus-related information only. The API key was registered through 

Google Cloud Console and configured with restrictions to prevent unauthorised usage. 

 

Route Polyline Encoding 

The system used encoded polylines to display bus routes on the map. Polylines were sets of 

latitude and longitude coordinates that formed a continuous line representing the bus path. The 

encoded polyline format compressed these coordinates into a compact string, reducing storage 

and transmission overhead. A custom decoder was implemented to convert the encoded string 

back into a list of LatLng points for rendering on the map. 

 

2.1.6 State Management 

Provider Package 

Provider is a state management solution for Flutter that wraps InheritedWidget to make data 

available throughout the widget tree [8]. It follows the concept of "lifting state up" and provides 

a clean way to manage application state. In this system, Provider was used to manage 

authentication state (logged-in user information), bus data (locations, occupancy, active status), 

bus stop data, route schedules, notification data, and emergency reports. Each controller 

(AuthController, BusController, DriverController, AdminController, LocationController) 

extended ChangeNotifier and was provided to the widget tree using ChangeNotifierProvider. 

This ensured that when data changed, only the relevant widgets were rebuilt, improving 

application performance. 
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2.1.7 Location and Connectivity Services 

Geolocator Package 

Geolocator is a Flutter plugin that provides access to device location services, abstracting the 

platform-specific implementations for both Android and iOS [9]. The package was used to 

request location permissions from the user, check if location services were enabled, get the 

user's current position, listen to position stream for real-time location updates, and calculate 

distances between coordinates. The location accuracy was set to 

LocationAccuracy.bestForNavigation to obtain the most precise coordinates, which was 

essential for comparing the user's position with bus stops and bus locations. 

 

Connectivity Plus Package 

Connectivity Plus is a Flutter plugin that detects the device's network connectivity status [10]. 

It provided information about whether the device had internet access and the type of connection 

(Wi-Fi, mobile data, or none). This package was critical for the offline mode implementation 

as it detected when the device lost internet connectivity, triggered the switch to cached data 

when offline, automatically synced data when the connection was restored, and displayed 

appropriate user interface indicators such as the offline mode badge. 

 

2.1.8 Computer Vision for Passenger Counting 

YOLOv8 (You Only Look Once) 

YOLOv8 is a state-of-the-art object detection model developed by Ultralytics that uses a single 

neural network to predict bounding boxes and class probabilities directly from full images in 

one evaluation [11]. YOLO processes frames in real-time, making it suitable for applications 

requiring immediate results. In this system, YOLOv8 was used to detect people in the video 

frames captured by the camera module. The model identified each person with a bounding box, 

enabling the system to count the number of people present in the bus at any given time. The 

YOLOv8n (nano) model was specifically chosen for its lightweight nature, allowing it to run 

efficiently on the Raspberry Pi 4's CPU without requiring a GPU. The model was configured 

with a confidence threshold of 0.3 and was limited to detecting only the "person" class (class 

ID 0). 
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OpenCV (Open Source Computer Vision Library) 

OpenCV is an open-source computer vision library that provides tools for image and video 

processing [12]. In this system, OpenCV was used to read video frames captured by the camera 

module, convert image formats between RGB and other colour spaces as needed, and prepare 

frames for YOLO detection. The opencv-python-headless version was installed to minimise 

dependencies since the Raspberry Pi 4 did not have a graphical user interface. 

 

Python Implementation on Raspberry Pi 

The passenger counting logic was implemented in Python and executed directly on the 

Raspberry Pi 4 using a multi-threaded architecture. The system ran three concurrent threads 

that operated independently every 10 seconds. 

 

The GPS tracking thread read data from the Neo-6M GPS module connected to the /dev/serial0 

serial port. It continuously parsed NMEA sentences, specifically looking for $GPRMC 

messages. When a valid GPS fix was obtained (indicated by status 'A'), it extracted the latitude 

and longitude coordinates and stored them in a thread-safe global variable with a lock 

mechanism to prevent data corruption. If no valid fix was obtained within the 5-second timeout, 

the GPS data was marked as invalid. 

 

The occupancy detection thread initialised the Raspberry Pi Camera Module using the 

picamera2 library, configuring it to capture 640x480 pixel frames in RGB888 format. It loaded 

the YOLOv8n model and captured a single frame every 10 seconds. The captured frame was 

passed to the YOLO model for person detection. The model returned bounding boxes for each 

detected person, and the system counted the total number of people present in the frame. The 

occupancy count was stored in a thread-safe global variable along with a timestamp. 

Additionally, the occupancy data was saved to a local JSON file as a backup. 

 

The Firebase update thread retrieved the latest GPS coordinates and occupancy count from the 

shared variables, using thread locks to ensure data consistency. If the GPS data was valid, it 

constructed a JSON object containing the bus name, route, occupancy count, active status, 

timestamp, location coordinates (as an array of latitude and longitude), and camera timestamp. 

This data was then sent to the Firebase Realtime Database at the reference path "bus/". The 
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update overwrote the existing bus data, ensuring that the database always contained the most 

recent information. 

 

The three threads were synchronised using Python's threading.Lock mechanism to prevent race 

conditions when accessing shared data. The main thread kept the program alive while the 

daemon threads ran in the background. When the program was terminated, the system sent a 

final update to Firebase marking the bus as inactive (isActive: false). 

 

The complete system was deployed as a systemd service (bus-system.service) that 

automatically started on boot and restarted automatically if it crashed. The service ran under 

the pi user with the Python virtual environment activated. 

 

2.1.9 Multi-Role Architecture 

The system implemented three distinct user roles, each with specific permissions and interface 

views. Students were the primary users of the system, with an interface that included real-time 

bus location tracking on an interactive map, bus stop locations with estimated arrival times 

(ETA), bus route schedules, favourite routes for quick access, notifications from 

administrators, and emergency alert viewing. 

Drivers had access to trip management features including starting and ending trips, updating 

current bus occupancy, reporting emergencies at low, medium, or high levels, viewing 

emergency history, and receiving driver-specific announcements. 

Administrators managed the system through a dashboard that provided real-time statistics 

(active trips, pending emergencies, user counts), emergency report management (update status, 

track resolution), notification broadcasting to students and/or drivers, and route analytics with 

performance metrics. 

 

2.1.10 Summary of Technologies Review 

Table 2-1 presents a summary of the technologies reviewed in this section, including their 

purposes and implementation details within the UTAR Bus Tracker system. 

 

Technology Category Technology Selected Purpose in System 

Hardware Platform Raspberry Pi 4 Central processing unit on bus 

GPS Module Neo-6M GPS HAT Receive location coordinates from satellites 
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Camera Module 5MP Raspberry Pi Camera Capture video for passenger counting 

Mobile Framework Flutter 3.32.8 Cross-platform mobile application 

development 

Programming 

Language 

Dart 3.8.1 Frontend application logic 

Backend Service Firebase Realtime 

Database 

Real-time bus location storage 

Cloud Firestore User, route, notification, and emergency data 

Firebase Authentication User registration and login 

Local Storage Hive Offline data caching 

Mapping Google Maps API Map display and location rendering 

State Management Provider Application state distribution 

Location Service Geolocator Device location services 

Connectivity Service Connectivity Plus Network status detection 

Computer Vision YOLOv8 Person detection for passenger counting 

Image Processing OpenCV Video frame processing 

Server-side Language Python GPS data reading and Firebase upload 

Table 2-1: Summary of Technologies Used 

 

2.2 Review of Existing Bus Tracking Systems 

This section reviewed four existing bus tracking applications: Moovit, Google Maps, RapidKL 

Pulse, and Justnaik. Each application was evaluated based on its features, strengths, and 

limitations. The review focused specifically on limitations that were relevant to the UTAR bus 

management system, providing a foundation for justifying the design decisions made in this 

project. 

 

2.2.1 Moovit 

Moovit is a global mobility-as-a-service (MaaS) application that integrates data from transport 

agencies, GPS-enabled vehicles, and crowdsourced user input [13]. It provides real-time bus 

locations on a map, estimated arrival times, route recommendations, and the ability to save 

favourite routes [14]. Moovit also offers live mode which alerts passengers when they are 

approaching their stop, and users can upload bus station photos to help others identify correct 

waiting locations [15]. 
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Strengths of Moovit 

Moovit offered several notable strengths. It provided global coverage across over 3,500 cities 

in 112 countries, making it useful for travellers and daily commuters in many regions [16]. The 

application integrated multiple transportation modes including buses, trains, ride-hailing, and 

walking into a single journey planner. Its crowdsourced data model allowed the application to 

gather real-time information from users, which could supplement official transit data in areas 

where agency feeds were unavailable. 

 

Limitations of Moovit 

Despite its extensive features, Moovit had several limitations that were relevant to this project. 

 

First, Moovit did not provide any information about bus occupancy or seat availability. 

Passengers could not determine whether a bus had available seats before it arrived, leading to 

situations where students might wait for a bus only to find it was already full. This limitation 

directly affected time management and travel planning for commuters. 

 

Second, Moovit required continuous internet connectivity to function. When users were in 

areas with poor network coverage, the application could not display bus locations, routes, or 

schedules. There was no offline mode that cached data for later use, making the application 

unusable during connectivity disruptions. 

 

Third, Moovit placed essential features such as real-time bus tracking behind a premium 

subscription (Moovit+). Free users could not access live location tracking and were required to 

upgrade to a monthly or annual plan. Additionally, the free version displayed frequent 

advertisements that interrupted the user experience, and only the premium subscription 

removed these ads. 

 

Fourth, Moovit did not include any emergency reporting functionality. Passengers or drivers 

could not report accidents, breakdowns, medical emergencies, or other urgent situations 

through the application. This gap meant that transport operators and administrators could not 

be notified immediately when an emergency occurred on a bus. 
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Fifth, Moovit did not support different user interfaces for different roles. The same interface 

was presented to all users regardless of whether they were passengers, drivers, or 

administrators. This one-size-fits-all approach did not provide drivers with trip management 

tools nor administrators with system oversight capabilities. 

 

2.2.2 Google Maps 

Google Maps is a widely used navigation platform that supports real-time bus tracking through 

integration with transit agencies and GPS-equipped vehicles [17]. It provides estimated arrival 

times (ETA), multimodal journey planning combining walking, driving, cycling, and public 

transport, and live traffic updates that suggest alternative routes during congestion. 

 

Strengths of Google Maps 

Google Maps offered robust mapping infrastructure and global coverage, allowing users to 

navigate in almost any city worldwide. Its integration of live traffic conditions into driving and 

walking directions helped users avoid congestion. The application also provided street view 

imagery, which could help passengers familiarise themselves with bus stop locations before 

travelling. 

 

Limitations of Google Maps 

Google Maps shared several limitations with Moovit that were relevant to this project. 

 

First, Google Maps did not display bus occupancy or seat availability. Passengers had no way 

of knowing how full a bus was before it arrived, which could lead to waiting for multiple buses 

when seats were unavailable. This limitation was particularly problematic during peak hours 

when buses were most crowded. 

 

Second, Google Maps required continuous internet connectivity. When offline, users could not 

access bus schedules, view bus locations, or plan routes. The application did not cache bus 

route or schedule data for offline use, making it ineffective in areas with poor network 

coverage. 

 

Third, Google Maps did not provide any emergency reporting feature. There was no 

mechanism for passengers or drivers to alert authorities or transport administrators about 
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emergencies occurring on buses. This absence of real-time emergency communication created 

safety concerns for public transport users. 

 

Fourth, Google Maps did not offer role-based interfaces. The same map-centric interface was 

presented to all users, with no special views for drivers who needed trip management tools or 

administrators who needed system monitoring dashboards. This design did not accommodate 

the different needs of various user types in a transport management ecosystem. 

 

Fifth, Google Maps relied on transit agencies to provide real-time GPS feeds. In areas where 

agencies did not share this data, the application only displayed static schedules, which became 

inaccurate when buses were delayed. For UTAR-specific buses, Google Maps did not provide 

any tracking information at all, as the university did not publish its bus data to Google's transit 

platform. 

 

2.2.3 RapidKL Pulse 

RapidKL Pulse is a bus tracking application developed by Prasarana Malaysia Berhad 

specifically for the RapidKL bus network in Kuala Lumpur [18]. The application provided real-

time bus tracking, estimated arrival times, route details, service notifications, and digital 

ticketing for the My50 unlimited pass [19]. The application refreshed bus locations every 30 

seconds and offered bus cancellation alerts through push notifications. 

 

Strengths of RapidKL Pulse 

RapidKL Pulse was designed specifically for Malaysian commuters using the RapidKL 

network. Its direct connection to RapidKL's operational database provided relatively accurate 

updates within the supported network. The addition of digital ticketing allowed users to 

purchase and activate passes without visiting service counters, improving convenience for 

regular commuters. 

 

Limitations of RapidKL Pulse 

RapidKL Pulse had several limitations that were relevant to this project. 
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First, RapidKL Pulse did not provide any bus occupancy or seat availability information. 

Passengers could not determine how crowded a bus was before boarding, leading to uncertainty 

during peak travel times. This limitation was shared with Moovit and Google Maps. 

 

Second, RapidKL Pulse required continuous internet connectivity. The application could not 

display bus locations, routes, or schedules when offline, as it did not cache data for offline 

access. Users in areas with poor network coverage could not access any bus information. 

 

Third, RapidKL Pulse did not include emergency reporting functionality. There was no feature 

for passengers or drivers to report accidents, breakdowns, or other emergencies through the 

application. This absence of emergency communication tools represented a safety gap in the 

system. 

 

Fourth, RapidKL Pulse was limited to the RapidKL bus network only. It did not include other 

bus operators, private buses, or university shuttle buses such as those operated by UTAR. 

Consequently, UTAR students could not use this application to track university buses, as 

UTAR did not publish its bus data to RapidKL's platform. 

 

Fifth, RapidKL Pulse did not offer role-based interfaces. All users saw the same interface 

regardless of whether they were passengers, drivers, or administrators. This design did not 

provide drivers with trip management features nor administrators with system monitoring 

capabilities. 

 

2.2.4 Justnaik 

Justnaik is a mobile application that provides bus tracking services in Malaysia, including some 

UTAR buses [20]. The application displayed bus locations on a map and provided schedule 

information for various bus operators. However, coverage of UTAR buses was partial and 

inconsistent. 

 

Strengths of Justnaik 

Justnaik was one of the few applications that attempted to provide tracking for UTAR buses. 

It displayed bus locations on a map, giving students some visibility into bus movements. The 
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application included schedule information that could serve as a reference for planning 

purposes. 

 

Limitations of Justnaik 

Justnaik had several significant limitations that directly motivated the development of this 

project. 

 

First, Justnaik did not provide bus occupancy or seat availability information. Students could 

not determine whether a bus had available seats before it arrived, leading to situations where 

they might wait for a bus only to find it was already full. This limitation affected time 

management and travel efficiency. 

 

Second, Justnaik required continuous internet connectivity. When students were in areas with 

poor network coverage, the application could not display bus locations, routes, or schedules. 

There was no offline caching mechanism, making the application unusable during connectivity 

disruptions. 

 

Third, Justnaik did not include any emergency reporting feature. Students or drivers could not 

report accidents, breakdowns, medical emergencies, or other urgent situations through the 

application. This absence of emergency communication created safety concerns for bus 

passengers. 

 

Fourth, Justnaik only tracked a subset of UTAR buses. Not all university buses were equipped 

with tracking devices, meaning some buses were invisible to students using the application. 

Students waiting for a particular bus could not determine whether that bus was even being 

tracked. 

 

Fifth, Justnaik displayed inaccurate or missing schedule information. Some bus schedules 

shown in the application were incorrect, while others could not be displayed at all. This 

unreliability undermined student confidence in using the application for journey planning. 

 

Sixth, Justnaik could not receive notifications from administrators. Students did not receive 

alerts about bus delays, cancellations, or other important information through the application. 
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This communication gap meant students might arrive at bus stops only to discover that buses 

were not operating as scheduled. 

 

Seventh, Justnaik tracked both UTAR buses and non-UTAR buses in the same interface. 

Students could not easily distinguish between university buses and other buses, creating 

confusion about which buses were relevant to their commute between UTAR campus and 

nearby residences. 

 

Eighth, Justnaik did not offer role-based interfaces. The same interface was presented to all 

users, with no special views for drivers who needed trip management tools or administrators 

who needed system monitoring dashboards. This one-size-fits-all approach did not 

accommodate the different needs of various user types. 

 

2.2.5 Summary of Limitations Addressed by the Proposed System 

Table 2-2 presents a summary of the limitations identified in the existing systems and indicates 

whether the proposed UTAR Bus Tracker system addressed each limitation. 

 

Limitation Moovit Google 

Maps 

RapidKL 

Pulse 

Justnaik Proposed System 

No bus occupancy/seat 

availability 

✓ ✓ ✓ ✓ Solved (YOLOv8 people 

counting) 

No offline mode 

(requires internet) 

✓ ✓ ✓ ✓ Solved (Hive local 

caching) 

No emergency 

reporting 

✓ ✓ ✓ ✓ Solved (Emergency 

reporting feature) 

No multi-role interfaces ✓ ✓ ✓ ✓ Solved (Student, Driver, 

Admin Portal) 

Cannot track UTAR 

buses 

✓ ✓ ✓ Partial Solved (Dedicated 

UTAR bus tracking) 

Inaccurate/missing 

schedules 

- - - ✓ Solved (Admin-updated 

schedules in Firestore) 

No admin notifications - - - ✓ Solved (Push 

notifications from admin) 
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Premium paywall for 

features 

✓ - - - Solved (All features free) 

Frequent 

advertisements 

✓ - - - Solved (No 

advertisements) 

Table 2-2: Summary of Limitations and Proposed Solutions 

 

2.2.6 How the Proposed System Addressed These Limitations 

Based on the review of existing systems, the UTAR Bus Tracker system was designed to 

address the specific limitations that affected UTAR students. 

 

Addressing the Lack of Occupancy Information: None of the existing applications provided 

bus occupancy or seat availability information. The proposed system solved this limitation by 

integrating a 5MP camera module with a YOLOv8 object detection model running on a 

Raspberry Pi 4. The system detected and counted the number of people present in the bus and 

displayed this occupancy information in real-time on the mobile application. Students could 

therefore determine whether a bus had available seats before it arrived, enabling better travel 

planning. 

 

Addressing the Lack of Offline Mode: All existing applications required continuous internet 

connectivity and became unusable when offline. The proposed system solved this limitation by 

implementing Hive as a local database that cached bus stops, routes, schedules, and the latest 

bus locations. When internet connectivity was unavailable, the application automatically 

switched to offline mode and displayed cached data. When connectivity was restored, the 

system synchronised cached data with Firebase automatically. 

 

Addressing the Lack of Emergency Reporting: None of the existing applications included 

emergency reporting functionality. The proposed system solved this limitation by providing 

drivers with an emergency reporting feature that allowed them to report incidents at three 

severity levels (low, medium, high). When an emergency was reported, administrators received 

immediate notifications and could update the status as "in progress" or "resolved" through the 

admin dashboard. 
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Addressing the Lack of Multi-Role Interfaces: Existing applications presented the same 

interface to all users regardless of their role. The proposed system solved this limitation by 

implementing three distinct user roles with customised interfaces. Students viewed real-time 

bus locations, schedules, and notifications. Drivers accessed trip management tools, occupancy 

updates, and emergency reporting. Administrators monitored system statistics, managed 

emergencies, and broadcast notifications to students and drivers. 

 

Addressing UTAR-Specific Tracking Limitations: Justnaik only tracked a subset of UTAR 

buses, while other applications did not track UTAR buses at all. The proposed system solved 

this limitation by equipping each bus with a dedicated Raspberry Pi 4, Neo-6M GPS module, 

and camera module. The GPS module transmitted location coordinates every 10 seconds to 

Firebase Realtime Database, ensuring that UTAR buses on the residences to UTAR route were 

tracked in real-time. 

 

Addressing Schedule Inaccuracy: Justnaik displayed inaccurate or missing schedule 

information. The proposed system solved this limitation by storing bus route schedules in 

Cloud Firestore, where administrators could update schedules as needed. The application 

retrieved schedules from Firestore in real-time, ensuring that students always viewed the most 

current schedule information. 

 

Addressing the Lack of Admin Notifications: Justnaik could not receive notifications from 

administrators. The proposed system solved this limitation by implementing a notification 

system that allowed administrators to broadcast announcements to all students, all drivers, or 

specific user groups. Students and drivers received these notifications instantly and could mark 

them as read within the application. 

 

Addressing Paywall and Advertisement Issues: Moovit placed real-time tracking features 

behind a premium subscription and displayed frequent advertisements. The proposed system 

solved these limitations by providing all features completely free of charge, with no 

advertisements or premium tiers. The system was developed as a university project to serve 

UTAR students without any commercial intent.
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Chapter 3 

System Methodology/Approach 

 

This chapter presented the development methodology adopted for this project, followed by the 

AIoT experimental workflow, system architecture, use case analysis, activity diagrams, and 

sequence diagram. The chapter provided a comprehensive overview of how the UTAR Bus 

Tracker system was designed and how its components interacted with each other. 

 

3.1 System Overview: AIoT Pipeline for Shuttle Bus Monitoring 

Figure 3-1 presents a one-page overview of the complete AIoT system pipeline, showing how 

data flows from hardware sensors on the bus through edge processing to cloud synchronisation 

and finally to the mobile application for three user roles. 

 

Figure 3-1: AIoT System Pipeline Overview 
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Figure 3-1 illustrates the complete AIoT data flow across three phases. In Phase 1 (Data 

Acquisition on Bus), the GPS module captures location coordinates while the camera module 

captures interior video frames. Both feed into the Raspberry Pi 4, which runs three parallel 

threads: GPS parsing reads NMEA sentences to extract latitude/longitude when a valid satellite 

fix is obtained; occupancy detection uses YOLOv8n to count passengers; and the Firebase 

update thread combines both data points for transmission. Critically, raw camera frames are 

processed locally and never uploaded to the cloud, preserving passenger privacy. 

 

In Phase 2 (Cloud Synchronisation), Firebase receives the processed data. The Realtime 

Database stores live bus location and occupancy for instant synchronisation to all connected 

mobile clients. Cloud Firestore stores persistent data including user profiles, bus stops, routes, 

emergency logs, and notifications. Firebase Authentication manages user registration and role-

based access control. 

 

In Phase 3 (Mobile Application), the Flutter app subscribes to Firebase real-time listeners. The 

Hive local database caches all essential data (bus stops, routes, schedules, last known location, 

favourites) to enable offline functionality. The application presents three role-based portals 

tailored for students, drivers, and administrators. 

 

3.2 Development Methodology 

The Rapid Application Development (RAD) methodology was adopted for this project. RAD 

was a software development approach that emphasised rapid prototyping, iterative delivery, 

and user involvement throughout the development cycle [21]. This methodology was selected 

because the project involved both hardware and software components that required continuous 

testing and refinement. Additionally, RAD allowed for flexible adjustments based on feedback, 

which was essential when integrating the Raspberry Pi 4 with the GPS module, camera module, 

and Firebase backend. 

 

3.2.1 AIoT Experimental Workflow 

Beyond the software-focused RAD phases, this project required a dedicated experimental 

workflow for the AIoT components. Figure 3-2 illustrates the seven-step AIoT experimental 

workflow that guided the development and evaluation of the edge-based passenger counting 

system. 
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Figure 3-2: AIoT Experimental Workflow for UTAR Bus Tracker 

 

The AIoT experimental workflow in Figure 3-2 structured the development and evaluation of 

the system's core research contributions. Step 1 (GPS Data Acquisition) and Step 2 (Camera 

Frame Acquisition) represent the IoT data capture layer. Step 3 (YOLOv8 Person Detection) 

and Step 4 (Passenger Count Aggregation) represent the edge AI processing layer, which is the 

primary research novelty of this project. Steps 5 through 7 represent the application layer where 

processed data is visualised, cached, and acted upon by different user roles.  



CHAPTER 3 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
28 

 

3.2.2 RAD Phases for Software Development 

The RAD methodology for this project was divided into four phases: Requirements Planning, 

User Design, Construction, and Cutover. 

 

Requirements Planning Phase 

The first phase involved identifying the limitations of existing bus tracking applications based 

on the literature review conducted in Chapter 2. The key requirements identified for the UTAR 

Bus Tracker system were: 

 

First, the system was required to provide real-time bus location tracking using GPS technology. 

Second, the system was required to display bus occupancy information to help students 

determine seat availability before the bus arrived. Third, the system was required to support 

offline operation by caching essential data locally on the mobile device. Fourth, the system was 

required to include emergency reporting functionality for drivers to report incidents. Fifth, the 

system was required to support three distinct user roles: Student, Driver, and Administrator, 

each with different interfaces and permissions. Sixth, the system was required to allow 

administrators to broadcast notifications to students and drivers. 

 

User Design Phase 

The second phase focused on designing the user interfaces and system architecture. For the 

mobile application, wireframes were created for three role-based interfaces. The student 

interface was designed to display a map with bus location, bus stop markers, route schedules, 

and notifications. The driver interface was designed to provide trip management controls 

including start trip, end trip, occupancy update, and emergency reporting. The admin interface 

was designed to show a dashboard with system statistics, emergency management, and 

notification broadcasting. 

 

For the database design, Cloud Firestore collections were structured for users, bus stops, bus 

routes, emergencies, and notifications. The Firebase Realtime Database was configured to store 

real-time bus location and occupancy data. For the hardware design, the connection between 

the Raspberry Pi 4, Neo-6M GPS module, and 5MP camera module was planned to use GPIO 

pins and the CSI interface. The detailed database design is presented in Chapter 4, Section 4.5. 
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Construction Phase 

The third phase involved the actual development of hardware and software components. On 

the Raspberry Pi 4, a Python script was written to read GPS coordinates from the Neo-6M 

module via the serial port, capture video frames from the camera module, run the YOLOv8 

model for person detection, calculate the passenger count, and upload the data to the Firebase 

Realtime Database every 10 seconds. 

 

For the mobile application, Flutter was used to develop three role-based interfaces. Provider 

was implemented for state management across the application. Hive was integrated for offline 

data caching of bus stops, routes, schedules, and latest bus locations. The Google Maps API 

was integrated to display bus locations and route polylines on an interactive map. 

For the backend, Firebase Authentication was configured to allow user registration and login 

using UTAR email addresses. Cloud Firestore was set up with security rules to enforce role-

based access control. The Firebase Realtime Database was configured to receive and 

synchronise bus location and occupancy data in real-time. The complete implementation of 

these components is documented in Chapter 5.  

 

Cutover Phase 

The fourth phase involved system testing, deployment, and refinement. The hardware 

components were assembled and tested on a moving vehicle to verify GPS accuracy and 

camera functionality. The mobile application was tested on Android devices to validate real-

time data synchronisation, offline mode operation, and notification delivery. The emergency 

reporting flow was tested from driver report to admin resolution. Based on testing feedback, 

refinements were made to the user interface, data refresh intervals, and offline caching logic. 

The Raspberry Pi script was deployed as a systemd service to automatically start on boot and 

restart on failure. The evaluation results, including GPS accuracy and passenger counting 

performance, are presented in Chapter 6. 

 

3.3 System Architecture Diagram 

The system architecture consisted of three main components: the Raspberry Pi installed on the 

bus, Firebase cloud services, and the mobile application running on the user's device. 
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Figure 3-3: System Architecture Diagram 

 

Description of Figure 3-3: 

The Raspberry Pi served as the edge computing device. It captured GPS coordinates from the 

Neo-6M GPS module and captured video frames from the 5MP camera module. The Raspberry 

Pi ran the YOLOv8 object detection model to count the number of passengers on the bus. This 

edge AI approach ensured privacy because raw camera frames never left the Raspberry Pi. 

Only the passenger count, timestamp, and GPS coordinates were transmitted to Firebase every 

10 seconds. 

 

Firebase acted as the central cloud backend. The Firebase Realtime Database stored and 

synchronised bus location data, occupancy count, and bus active status in real-time. Cloud 

Firestore stored user profiles, bus stops, bus routes, emergency reports, and notifications. 

Firebase Authentication managed user registration and login with role-based access control. 

 

The mobile application, developed using Flutter, contained three role-based portals accessible 

after login. The Student Portal displayed the bus location on an interactive map using the 

Google Maps API, showed bus stops with estimated arrival times, displayed route schedules, 

and showed the passenger count. The Driver Portal provided trip management controls 

including start trip, end trip, update occupancy, emergency reporting, and receiving 

notifications. The Admin Portal displayed a dashboard with system statistics including active 
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trips, pending emergencies, total users, and live bus status. Administrators could also manage 

emergencies and broadcast notifications to students and drivers. 

 

All data flowed through Firebase. The Raspberry Pi pushed data to Firebase. The mobile 

application subscribed to Firebase and received real-time updates. There was no direct 

communication between the Raspberry Pi and the mobile application. 

 

3.4 Use Case Diagram 

The use case diagram identified the actors in the system and the functionalities they could 

perform. The system had three actors: Student, Driver, and Admin. Figure 3-4 presents the use 

case diagram for the UTAR Bus Tracker system, illustrating the functionalities available to 

each actor in the system. 

 

Figure 3-4: Use Case Diagram 
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Student Use Cases 

The Student could perform ten use cases. The student was required to first Login or Register 

to access the system. Once authenticated, the student could View Bus Location on the map, 

View Route Schedules to plan their journey, View Occupancy to check seat availability, and 

View Bus ETA to know when the bus would arrive at their stop. The student could also Manage 

Favourite Bus Routes for quick access to preferred routes. Additionally, the student could View 

Notifications sent by administrators and View Profile to see their account information. Finally, 

the student could Logout to end their session. 

 

Driver Use Cases 

The Driver could perform ten use cases. After Login or Register, the driver could Start Trip by 

selecting a bus and route, and End Trip when the journey was completed. During an active trip, 

the driver could Update Occupancy to reflect the current number of passengers on the bus. The 

driver could also Report Emergency by providing a title, description, and severity level. The 

driver could View Emergency History to see past reports and their resolution status. The driver 

could View Notifications and View Profile, and finally Logout from the application. 

 

Admin Use Cases 

The Admin could perform eight use cases. After Login or Register, the admin could View 

Dashboard to see system statistics including active trips, pending emergencies, total users, and 

live bus status. The admin could Send Notifications to students, drivers, or both groups. The 

admin could also View Emergencies and Update Emergency Status by changing the status of 

reported emergencies from pending to in progress or resolved. The admin could View Profile 

and Logout from the application. 

 

3.5 Activity Diagrams 

Activity diagrams were used to model the flow of control from one activity to another in the 

system. Three activity diagrams are presented to illustrate the main workflows of the UTAR 

Bus Tracker system. 

 

3.5.1 Activity Diagram for User Authentication and Role-Based Navigation 

This activity diagram illustrates the process of user login and role-based navigation. The flow 

began when the user opened the application and entered their credentials. 
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Figure 3-5: Activity Diagram for User Authentication and Role-Based Navigation 

 

Description of Figure 3-5: 

The process began when the user opened the application and navigated to the login page. The 

user entered their email address and password. The system validated these credentials against 

Firebase Authentication. If the credentials were invalid, the system displayed an error message 

and returned to the login page for the user to try again. 

 

If the credentials were valid, the system retrieved the user's role from the Firestore users 

collection. The system then evaluated the role. If the role was Student, the system navigated to 

the student portal which displayed the live bus map, schedules, and notifications. If the role 
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was Driver, the system navigated to the driver portal which displayed trip management 

controls, emergency reporting, and notifications. If the role was Admin, the system navigated 

to the admin portal which displayed system statistics, emergency management, and notification 

broadcasting. The process ended when the user accessed their respective portal. 

 

3.5.2 Activity Diagram for Real-time Bus Tracking and Occupancy Display 

This activity diagram illustrates how bus location and occupancy data flowed from the 

Raspberry Pi to the student's mobile application. 

 

Figure 3-6: Activity Diagram for Real-time Bus Tracking and Occupancy Display 

 

Description of Figure 3-6: 

The diagram was divided into three swimlanes representing the Raspberry Pi on the bus, the 

Firebase Realtime Database, and the student's mobile application. These processes ran in 

parallel and interacted with each other through data synchronisation. 

 

On the Raspberry Pi swimlane, the process repeated every 10 seconds. The Raspberry Pi 

captured GPS coordinates from the Neo-6M module via the serial port. Simultaneously, the 

Raspberry Pi captured a video frame from the camera module. The captured frame was 

processed through the YOLOv8 object detection model to detect persons. The system counted 
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the number of detected persons to determine the passenger count. The Raspberry Pi then 

uploaded the GPS coordinates, passenger count, and timestamp to the Firebase Realtime 

Database. The process then waited for the next 10-second interval before repeating the entire 

cycle. 

 

On the Firebase Realtime Database swimlane, when data was received from the Raspberry Pi, 

the database stored or updated the bus data including GPS coordinates, passenger count, and 

timestamp. After the data was updated, Firebase automatically notified all subscribers that a 

data change event had occurred. 

 

On the Student App swimlane, the process began when the application subscribed to the 

Firebase Realtime Database bus location reference. The application then entered a waiting 

state, continuously listening for data updates from Firebase. When new bus data was received, 

the application updated the bus marker position on the Google Map to reflect the current bus 

location. The application also updated the occupancy display to show the current passenger 

count. After completing these updates, the application returned to the waiting state to receive 

the next data update. This created a continuous real-time feedback loop where the student 

always saw the most current bus location and occupancy information. 

 

3.5.3 Activity Diagram for Offline Mode and Data Synchronisation 

This activity diagram illustrates how the mobile application handled offline scenarios and 

synchronised data when internet connectivity was restored. This mechanism was critical for 

ensuring that users could continue using the application when network connectivity was 

unavailable. 
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Figure 3-7: Activity Diagram for Offline Mode and Data Synchronisation 

 

Description of Figure 3-7: 

The diagram was divided into three swimlanes representing the mobile application, the Hive 

local database, and the Firebase cloud database. The process began when the application 

detected a change in network connectivity. 

 

When Internet Connectivity Was Lost: 

The Connectivity Plus package detected the loss of internet connection. The application 

automatically switched to offline mode and displayed an "Offline Mode" badge to inform the 

user. All subsequent data requests were redirected to the Hive local database instead of 

Firebase. The application continued to function using cached data, which included bus stops, 

routes, schedules, the last known bus location, user favourites, and emergency reports created 

offline. 

 

Any user actions performed while offline, such as adding a favourite route or creating an 

emergency report, were stored locally in Hive with a "pending sync" flag and a timestamp. The 

application remained in offline mode until internet connectivity was restored. 
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When Internet Connectivity Was Restored: 

The Connectivity Plus package detected the restoration of internet connection. The application 

automatically switched to online mode and initiated the synchronisation process. The system 

retrieved all pending actions from Hive that had been created or modified while offline. 

 

For each pending action, the system compared the local timestamp with the Firebase 

timestamp. If the local data was newer (last-write-wins strategy), the system uploaded the local 

data to Firebase. If the Firebase data was newer, the system downloaded the newer data and 

updated the local cache accordingly. After synchronisation was complete, the "pending sync" 

flags were cleared, and the user was notified that synchronisation had finished. The application 

then resumed normal operation, reading data directly from Firebase in real-time. 

 

3.5 Sequence Diagram 

The sequence diagram illustrates the interaction between system components over time for the 

real-time bus tracking and occupancy detection flow. The diagram shows how data flowed 

from the Raspberry Pi to Firebase and then to the student application. 

 

 

Figure 3-8: Sequence Diagram for Real-time Bus Location and Occupancy Flow 
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Description of Figure 3-8: 

The sequence diagram presented the interaction between five lifelines: the Raspberry Pi, GPS 

Module, Camera Module, Firebase, and the Student Application. The interactions are described 

in chronological order. 

 

First, the Raspberry Pi sent a request to the GPS Module to get coordinates. The GPS Module 

responded by returning the latitude and longitude values. Simultaneously, the Raspberry Pi 

sent a request to the Camera Module to capture a frame. The Camera Module responded by 

returning the video frame as image data. 

 

Once the GPS coordinates and camera frame were received, the Raspberry Pi processed the 

data locally. The Raspberry Pi ran the YOLOv8 object detection model on the captured frame 

to detect people. The Raspberry Pi then counted the number of detected people to calculate the 

passenger count. 

 

After processing was complete, the Raspberry Pi uploaded the location coordinates, passenger 

count, and timestamp to the Firebase Realtime Database. This upload occurred every 10 

seconds. 

 

Firebase, upon receiving the new data, notified all subscribed clients including the Student 

Application. The Student Application received the notification and updated its local state. 

Finally, the Student Application performed two self-call operations. It updated the bus marker 

position on the Google Map based on the new location coordinates. It also updated the 

occupancy display to show the current passenger count. The application then waited for the 

next data update from Firebase, completing one full cycle of real-time tracking.
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Chapter 4 

System Design 

 

This chapter presented the detailed design of the UTAR Bus Tracker system. It covered the 

system block diagram, hardware components specifications, circuit and connection design, 

component interaction operations, and database design. The information provided in this 

chapter showed how the system was constructed and how its components worked together. The 

primary scientific contribution of this project is the AIoT edge-based passenger counting 

system which is presented in Sections 4.1 through 4.4. Section 4.5 documents the supporting 

database structure for the mobile application. 

 

4.1 System Block Diagram 

The system block diagram provided a high-level overview of the major components in the 

UTAR Bus Tracker system and the data flow between them. Figure 4-1 illustrates the expanded 

block diagram with explicit labelling of where AI processing, IoT data capture, cloud 

synchronisation, and offline caching occur. 
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Figure 4-1: System Block Diagram 

 

Description of Figure 4-1: 

IoT Layer (Input Components) consists of the Neo-6M GPS module and the 5MP night 

vision camera module. The GPS module receives satellite signals and outputs NMEA sentences 

through UART serial communication at 9600 baud, providing latitude and longitude data. 



CHAPTER 4 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
41 

 

Meanwhile, the camera module captures video frames through the CSI interface. These 

components serve as the primary data acquisition sources for location tracking and passenger 

detection. 

 

Edge AI Processing Layer (Raspberry Pi 4) acts as the core processing unit of the system. 

The GPS parser module reads data from the serial port, parses NMEA sentences such as 

$GPRMC, and extracts latitude, longitude, and the validity of the GPS fix. In parallel, the 

YOLOv8 object detection module processes camera frames, detects only the “person” class 

(Class ID 0), and applies a confidence threshold of 0.3 to produce a passenger count. The 

outputs from both modules are combined in the data fusion and local processing engine, which 

integrates GPS data with passenger count while ensuring all processing is performed locally. 

The processed data is then handled by the Firebase update thread, which transmits the latitude, 

longitude, and passenger count to the cloud every 10 seconds via an HTTPS connection. 

Importantly, no raw image or video data is uploaded, ensuring a privacy-preserving edge AI 

design. 

 

Cloud Backend Layer (Firebase) is responsible for data storage, synchronization, and user 

management. The Firebase Realtime Database stores real-time data such as bus location, 

passenger count, and active bus status, enabling instant synchronization across all connected 

clients. Cloud Firestore manages persistent data including user profiles, bus stops, routes, 

emergency reports, and notifications. Firebase Authentication handles user registration, login, 

and role-based access control for different user types, including students, drivers, and 

administrators. These services are connected through real-time listeners and data 

synchronization mechanisms. 

 

Client Application Layer (Flutter Mobile App with Offline Cache) provides the user 

interface for interacting with the system. The student portal allows users to view real-time bus 

location on a map, access bus stops and estimated arrival times, check route schedules, and 

monitor passenger count. The driver portal enables drivers to start or end trips, manually update 

occupancy if needed, and report emergencies to the system. The admin portal provides a system 

dashboard, supports emergency management, enables notification broadcasting, and allows 

monitoring of overall system statistics. Additionally, the application integrates an offline cache 

using Hive, where data is read from Firebase when online and from local storage when offline. 
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Upon reconnection, the system automatically synchronizes data using timestamp-based 

conflict resolution. 

 

4.2 System Components Specifications 

This section provided the detailed specifications of all hardware components used in the UTAR 

Bus Tracker system. Tables 4-1 to 4-6 present the specifications for the Raspberry Pi, GPS 

module, camera module, power bank, development laptop, and testing mobile device. 

 

Description Specifications 

Model Raspberry Pi 4 Model B 

Processor Broadcom BCM2711, Quad-core Cortex-A72 (ARM v8) 64-bit SoC @ 

1.5GHz 

Memory (RAM) 2GB LPDDR4-3200 SDRAM 

Operating System Debian with Raspberry Pi Desktop 

Storage 16GB microSD card 

Connectivity Gigabit Ethernet, 2.4 GHz and 5 GHz 802.11ac Wi-Fi, Bluetooth 5.0 

GPIO Pins 40-pin header 

Power Input 5V DC via USB-C (minimum 3A) 

Table 4-1: Specifications of Raspberry Pi 4 

 

Description Specifications 

Model Neo-6M GPS HAT with Antenna 

Chipset u-Blox Neo-6M 

Frequency L1 band, 1575.42 MHz 

Number of Channels 50 channels 

Horizontal Position Accuracy 2.5 metres 

Navigation Update Rate Up to 5 Hz 

Operating Voltage 3.3V to 5V DC 

Interface UART (Serial Communication) 

Baud Rate 9600 

Protocol NMEA 0183 

Table 4-2: Specifications of Neo-6M GPS HAT with Antenna 

 

Description Specifications 
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Model Raspberry Pi Camera Module 5MP Night Vision 

Sensor Omnivision OV5647 

Resolution 5 megapixels (2592 x 1944) 

Video Capture 1080p at 30 fps, 720p at 60 fps 

Interface CSI (Camera Serial Interface) ribbon cable 

Night Vision Infrared-sensitive with adjustable focus 

Dimensions Approximately 25mm x 24mm 

Table 4-3: Specifications of 5MP Night Vision Camera Module 

 

Description Specifications 

Capacity 10000 mAh 

Output Ports USB-A (2 ports) 

Output Voltage 5V DC 

Output Current 2A per port 

Table 4-4: Specifications of Power Bank 

 

Description Specifications 

Model ASUS VivoBook X513UA / M513UA 

Processor AMD Ryzen 5 5500U with Radeon Graphics 

Operating System Windows 11 

Memory (RAM) 8GB DDR4 

Storage 512GB SSD 

Graphics AMD Radeon Graphics (496MB) 

Table 4-5: Specifications of Development Laptop 

 

Description Specifications 

Model Xiaomi Redmi Note 11 Pro+ 

Processor MediaTek Dimensity 920 Octa-Core 

Operating System Android 13 

Memory (RAM) 8GB 

Storage 256GB 

Display 6.67-inch AMOLED, FHD+ (2400 x 1080) 

Connectivity 5G, Wi-Fi 6, Bluetooth 5.2, USB-C 

Battery 4500 mAh 

Table 4-6: Specifications of Testing Mobile Device 
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4.3 Circuits and Components Design 

This section described the physical connections between the Raspberry Pi 4, Neo-6M GPS 

HAT, and the 5MP night vision camera module. 

 

4.3.1 GPS Module Connection 

The Neo-6M GPS HAT was connected to the Raspberry Pi 4 using four female-to-female 

jumper wires. The connection used the Universal Asynchronous Receiver-Transmitter (UART) 

serial communication protocol. Table 4-7 shows the pin connections between the Raspberry Pi 

GPIO header and the GPS module. 

 

Raspberry Pi 4 Pin GPIO Pin Number GPS Module Pin Jumper Wire Colour 

5V Power Pin 2 (5V) 5V Purple 

Ground Pin 6 (GND) GND Black 

Transmit (TX) Pin 8 (GPIO 14 / TXD) Receive (RX) White 

Receive (RX) Pin 10 (GPIO 15 / RXD) Transmit (TX) Red 

Table 4-7: GPIO Pin Connections between Raspberry Pi 4 and Neo-6M GPS HAT 

 

The purple jumper wire provided 5V power from the Raspberry Pi to the GPS module. The 

black jumper wire completed the ground connection. The white jumper wire carried data from 

the Raspberry Pi (transmit) to the GPS module (receive). The red jumper wire carried data from 

the GPS module (transmit) to the Raspberry Pi (receive). This configuration enabled 

bidirectional serial communication between the two devices. 
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Figure 4-2: Circuit Diagram for Raspberry Pi and GPS Module Connection 

 

4.3.2 Camera Module Connection 

The 5MP night vision camera module was connected to the Raspberry Pi 4 using a flexible 

ribbon cable. The ribbon cable was inserted into the Camera Serial Interface (CSI) connector 

located between the HDMI port and the audio jack on the Raspberry Pi 4 board. 

 

To connect the camera module, the plastic latch on the CSI connector was lifted gently. The 

ribbon cable was inserted with the metal contacts facing towards the HDMI ports. The cable 

was pushed fully into the connector, and the plastic latch was pressed back down to secure the 

cable. The other end of the ribbon cable was inserted into the camera module's connector with 

the metal contacts facing the correct direction as indicated on the camera board. 
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4.3.3 Assembled Hardware 

 

Figure 4-3: Assembled Hardware Components 

 

4.4 System Components Interaction Operations 

This section described how the hardware and software components interacted with each other 

during normal system operation. The interactions were explained in sequence from data 

collection to display on the user's device. 

 

4.4.1 GPS Data Collection and Transmission 

The Neo-6M GPS module continuously received signals from satellites orbiting the Earth. The 

module parsed these signals into NMEA (National Marine Electronics Association) format 

sentences. Specifically, the module generated $GPRMC sentences which contained the 

recommended minimum navigation data including latitude, longitude, speed, and timestamp. 

 

The Raspberry Pi 4 communicated with the GPS module via the UART serial interface at a 

baud rate of 9600. A Python script running on the Raspberry Pi read the serial data line by line. 

When a line starting with "$GPRMC" was detected, the script used the pynmea2 library to 

parse the sentence. If the status field in the sentence was 'A' (indicating a valid GPS fix), the 

script extracted the latitude and longitude values. 

Power bank 

Camera 

GPS 

Raspberry Pi 4 
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The GPS coordinates were stored temporarily in a global variable protected by a thread lock. 

This ensured that the occupancy detection thread and the Firebase upload thread could access 

the most recent GPS data without causing data corruption. 

 

4.4.2 Camera Capture and Passenger Counting 

The 5MP camera module was initialised using the picamera2 library. Table 4-8 presents the 

technical specifications of the YOLOv8-based passenger counting implementation. 

 

Parameter Value Justification 

YOLOv8 model 

variant 

YOLOv8n (nano) Lightweight (6 MB), optimised for CPU inference 

on Raspberry Pi 4 without GPU 

Input resolution 640 x 480 pixels Balance between detection accuracy and inference 

speed; higher resolution increases inference time 

beyond 10-second window 

Confidence 

threshold 

0.3 Lowered from default 0.5 to account for partial 

occlusions and low-light conditions on bus interior 

Class ID used 0 (person only) System only needs passenger count; ignoring other 

classes (chairs, bags, windows) reduces false 

positives 

Frame capture 

interval 

10 seconds Matches Firebase upload interval; reduces CPU load 

and thermal buildup compared to continuous 

processing 

Inference time per 

frame 

Approximately 0.5 

seconds 

Measured on Raspberry Pi 4 CPU; varies with 

occupancy (more people = more bounding boxes to 

process) 

NMS (Non-

Maximum 

Suppression) 

Enabled (default) Merges overlapping bounding boxes for the same 

person; prevents double-counting 

Counting logic len(boxes) Simple count of bounding boxes returned by YOLO 

after NMS; no temporal tracking needed as interval 

is independent 

Duplicate 

detection 

avoidance 

No temporal tracking Each frame processed independently; 10-second 

interval ensures passengers moving between frames 

are counted correctly without duplication 
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Camera failure 

handling 

Exception caught; 

system continues with 

last known count; error 

logged to systemd 

journal 

Prevents system crash; students see stale occupancy 

(cached) until camera recovers 

Occlusion 

handling 

No special handling; 

model relies on visible 

body parts 

Partial occlusion is acceptable; severe occlusion 

(e.g., passenger fully hidden) will cause undercount 

(observed in testing, see Chapter 6) 

Table 4-8: YOLOv8 Passenger Counting Technical Specifications 

 

The captured frame was passed to the YOLOv8 object detection model. The model was 

configured with a confidence threshold of 0.3 and was limited to detecting only the "person" 

class (class ID 0). Non-Maximum Suppression (NMS) was enabled with default parameters to 

merge overlapping bounding boxes and prevent duplicate counting of the same person. The 

model returned a list of bounding boxes for each detected person in the frame. 

 

The passenger count was calculated by counting the number of bounding boxes returned by the 

YOLOv8 model using len(boxes). This count represented the number of people currently 

present in the camera's field of view. The occupancy count, along with a timestamp, was stored 

in a global variable protected by a separate thread lock. 

 

If the camera failed (e.g., disconnected, hardware error), the picamera2 library raised an 

exception. The exception was caught, logged to the systemd journal, and the system continued 

using the last known occupancy count. This prevented the entire tracking system from crashing 

due to a camera failure. 

 

Under occlusion conditions (e.g., passengers partially hidden behind other passengers or bus 

seats), the YOLOv8 model relied on detecting visible body parts. Severe occlusion where a 

passenger was completely hidden resulted in undercounting, as observed in the testing results 

presented in Chapter 6. 

 

The occupancy data was also saved locally to a file named seated_count.json as a backup. This 

ensured that data was not lost even if the Firebase connection failed temporarily. 
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4.4.3 Pseudocode for Passenger Counting 

The following pseudocode describes the passenger counting algorithm executed on the 

Raspberry Pi every 10 seconds. 

 

Figure 4-4: Pseudocode for Passenger Counting Algorithm 

 

The algorithm operated as a continuous loop with a 10-second interval. At each iteration, it 

captured a frame from the camera, ran YOLOv8 inference with a confidence threshold of 0.3 

and class filter set to person only, counted the number of detected bounding boxes, and stored 

the count in thread-safe shared memory for the Firebase upload thread. Local backup 

to seated_count.json provided redundancy in case of Firebase connection failure. Exception 

handling for camera and model failures ensured system robustness. 
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4.4.4 Data Upload to Firebase 

The Firebase update thread ran every 10 seconds. It retrieved the most recent GPS coordinates 

and passenger count from the shared variables, using thread locks to ensure data consistency. 

If the GPS data was valid (status 'A'), the script constructed a JSON object containing the bus 

name, route name, occupancy count, active status (true), current timestamp, location 

coordinates as an array of latitude and longitude, and camera timestamp. This JSON object was 

sent to the Firebase Realtime Database at the reference path "bus" using the Firebase Admin 

SDK. The upload overwrote the existing bus data, ensuring that the database always contained 

the most recent information from the bus. If the GPS data was not valid, the script skipped the 

Firebase upload and waited for the next cycle. This prevented inaccurate location data from 

being displayed to users. 

 

4.4.5 Real-time Data Synchronisation to Mobile Application 

The mobile application initialised a real-time listener to the Firebase Realtime Database at the 

"bus" reference path. This listener remained active for the entire duration of the application 

session. When the Raspberry Pi uploaded new bus data to Firebase, the Realtime Database 

detected the change and automatically notified all connected clients, including the student's 

mobile application. The application received the new data as a JSON object. Upon receiving 

the new data, the application performed two main operations. First, it updated the position of 

the bus marker on the Google Map by converting the latitude and longitude coordinates to a 

LatLng object. Second, it updated the occupancy display to show the current passenger count. 

The application also checked the occupancy count against configurable thresholds. If the 

occupancy exceeded a certain level, the application displayed a visual indicator that the bus 

was crowded, helping students decide whether to wait for the next bus. 

 

4.4.6 Offline Mode and Local Caching 

When the mobile device lost internet connectivity, the application detected this change using 

the connectivity_plus package. The application automatically switched to offline mode and 

began reading data from the Hive local database instead of Firebase. 

 

The Hive database cached the following data for offline access: 

• Bus stops (names, locations, descriptions) 

• Bus routes and schedules 
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• Latest known bus location (last received GPS coordinates) 

• Latest known occupancy count 

• User favourites 

• Emergency reports created offline 

• Notifications received before going offline 

 

When internet connectivity was restored, the application automatically switched back to online 

mode. Any actions performed offline, such as adding a favourite route or creating an 

emergency report, were synchronised with Firebase. The user was notified of the sync status 

through a visual indicator in the application. 

 

4.4.7 Edge Privacy Preservation 

A key technical contribution of this system is privacy-preserving edge AI: raw camera frames 

containing passenger images are processed locally on the Raspberry Pi and never transmitted 

to the cloud. Figure 4-5 illustrates this privacy boundary. 
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Figure 4-5: Edge Privacy Boundary - Raw Frames Never Leave the Raspberry Pi 

 

The privacy-preserving design operated as follows: 

 

1. Local Capture Only: The camera module captured raw 640x480 RGB frames directly 

into Raspberry Pi memory. No frames were written to persistent storage or transmitted 

over the network. 

2. Local Inference: Each frame was passed directly to the YOLOv8 model for person 

detection. The model ran on the Raspberry Pi's CPU, not in the cloud. 

3. Count Extraction: Only the count of detected persons (an integer value) was extracted 

from the inference results. The bounding box coordinates themselves were discarded 

after counting. 

4. Frame Discarded: After the count was extracted, the raw frame was immediately 

discarded from memory. No frames were saved to disk (except the 

optional seated_count.json which stored only the count, not images). 

5. Minimal Cloud Upload: Only the passenger count, GPS coordinates, and timestamp 

were transmitted to Firebase. Raw frames, bounding boxes, and any personally 

identifiable information never left the edge device. 

 

This design addressed passenger privacy concerns that would arise if camera feeds were 

transmitted to the cloud for processing. Students could use the occupancy feature without fear 

that their images were being recorded or stored remotely. This edge-first privacy approach is a 

key technical contribution of the system, distinguishing it from cloud-dependent passenger 

counting solutions. 

 

4.5 Database Design 

This section described the design of the Firebase database structure used in the UTAR Bus 

Tracker system. The system used two types of Firebase databases: the Realtime Database for 

real-time bus location and occupancy data, and Cloud Firestore for persistent structured data. 

 

4.5.1 Firebase Realtime Database Structure 

The Firebase Realtime Database stored only one node: the bus node. This node contained the 

current state of the bus in real-time. The data was updated every 10 seconds by the Raspberry 
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Pi and was overwritten completely with each update. Table 4-9 describes the fields in the bus 

node. 

Field Data Type Key Type Description 

busId String Primary Key Unique identifier for the bus (e.g., "bus_001") 

name String Normal Field Name of the bus (e.g., "Westlake Bus") 

route String Normal Field Route name (e.g., "Main Loop") 

occupancy Integer Normal Field Current number of passengers on the bus 

isActive Boolean Normal Field Bus operational status (true if active) 

lastUpdated String Normal Field Timestamp of last update (format: DD-MM-

YYYY HH:MM:SS) 

location Array of 

Double 

Normal Field Latitude and longitude coordinates [lat, lng] 

cameraTimestamp String Normal Field Timestamp when camera frame was captured 

Table 4-9: Firebase Realtime Database - Bus Node Fields 

 

4.5.2 Cloud Firestore Collections 

Cloud Firestore stored persistent data across eight collections. Each document in these 

collections had a unique document ID generated by Firestore or assigned by the application. 

Primary keys and foreign keys were explicitly identified to establish relationships between 

entities. 
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Users Collection (users) 

The users collection stored information about all registered users of the system. Each document 

was identified by the Firebase Authentication user ID (UID) to maintain consistency between 

authentication and user profile data. 

Field Data Type Key Type Description 

userId String Primary Key User's unique identifier (matched with Auth UID) 

name String Normal Field User's full name 

email String Normal Field User's UTAR email address 

role String Normal Field User role: "student", "driver", or "admin" 

createdAt Timestamp Normal Field Account creation timestamp 

Table 4-10: Users Collection Fields 

 

Bus Stops Collection (bus_stops) 

The bus stops collection stored information about each bus stop location along the UTAR to 

residences route. Each document had a unique identifier assigned by Firestore. 

Field Data Type Key Type Description 

stopId String Primary Key Unique identifier for the bus stop 

name String Normal Field Name of the bus stop (e.g., "Block D", "Westlake 

Homes Bus Stop 1") 

location GeoPoint Normal Field Geographical coordinates (latitude, longitude) 

description String Normal Field Additional information about the bus stop 

createdAt Timestamp Normal Field Record creation timestamp 

Table 4-11: Bus Stops Collection Fields 

 

Bus Routes Collection (bus_routes) 

The bus routes collection stored information about bus routes and their schedules. Each 

document contained the route name, schedule times, and the sequence of bus stops along the 

route. 

Field Data Type Key Type Description 

routeId String Primary Key Unique identifier for the bus route 

name String Normal Field Route name (e.g., "Westlake to UTAR") 

isActive Boolean Normal Field Whether the route is currently operational 

createdAt Timestamp Normal Field Record creation timestamp 

updatedAt Timestamp Normal Field Last update timestamp 
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Table 4-12: Bus Routes Collection Fields 

 

Bus Stop Sequence Collection (bus_stop_sequence) 

The bus stop sequence collection defined the order of bus stops along a specific route. This 

was a linking entity that resolved the many-to-many relationship between Bus Routes and Bus 

Stops. 

Field Data Type Key Type Description 

sequenceId String Primary Key Unique identifier for the stop sequence record 

routeId String Foreign Key (references 

Bus Routes.routeId) 

Identifier of the bus route 

stopId String Foreign Key (references 

Bus Stops.stopId) 

Identifier of the bus stop 

stopOrder Integer Normal Field Order of the stop in the route sequence (1, 2, 

3, ...) 

createdAt Timestamp Normal Field Record creation timestamp 

Table 4-13: Bus Stop Sequence Collection Fields 

 

Bus Schedules Collection (bus_schedules) 

The bus schedules collection stored the timetable for each bus route, separated into individual 

trip records for better normalisation. 

Field Data Type Key Type Description 

scheduleId String Primary Key Unique identifier for the schedule 

record 

routeId String Foreign Key (references 

Bus Routes.routeId) 

Identifier of the bus route 

tripNumber String Normal Field Trip identifier (e.g., "Trip 1", 

"Trip 2") 

timeLeavingUTAR String Normal Field Departure time from UTAR 

campus 

timeArrivingWestlake String Normal Field Arrival time at Westlake 

timeArrivingUTAR String Normal Field Return arrival time at UTAR 

campus 

createdAt Timestamp Normal Field Record creation timestamp 

updatedAt Timestamp Normal Field Last update timestamp 

Table 4-14: Bus Schedules Collection Fields 
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User Favorites Collection (user_favorites) 

The user favourites collection stored which bus routes each user had marked as favourite. This 

was a linking entity that resolved the many-to-many relationship between Users and Bus 

Routes. 

Field Data Type Key Type Description 

favoriteId String Primary Key Unique identifier for the favourite record 

userId String Foreign Key (references 

Users.userId) 

Reference to the user who marked the 

favourite 

routeId String Foreign Key (references 

Bus Routes.routeId) 

Reference to the bus route marked as 

favourite 

isFavorite Boolean Normal Field Whether the route is marked as favourite 

createdAt Timestamp Normal Field Record creation timestamp 

updatedAt Timestamp Normal Field Last update timestamp 

Table 4-15: User Favourites Collection Fields 

 

Emergency Logs Collection (emergency_logs) 

The emergency logs collection stored all emergency reports submitted by drivers. Each 

document contained the details of the emergency and its current resolution status. 

Field Data Type Key Type Description 

emergencyId String Primary Key Unique emergency identifier 

driverId String Foreign Key (references 

Users.userId) 

Reference to the driver who reported 

the emergency 

tripId String Foreign Key (references 

Trips.tripId) (optional) 

Reference to the active trip during the 

emergency 

resolvedBy String Foreign Key (references 

Users.userId) (optional) 

Admin ID who resolved the 

emergency 

title String Normal Field Emergency title 

description String Normal Field Detailed description of the emergency 

level String Normal Field Emergency level: "low", "medium", 

or "high" 

reportedAt Timestamp Normal Field Time when the emergency was 

reported 

resolvedAt Timestamp Normal Field Time when the emergency was 

resolved (null if pending) 
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status String Normal Field Current status: "pending", 

"in_progress", "resolved", or 

"cancelled" 

Table 4-16: Emergency Logs Collection Fields 

 

Notifications Collection (notifications) 

The notifications collection stored all announcements sent by administrators. Each notification 

was delivered to users based on the recipients field. 

Field Data Type Key Type Description 

notificationId String Primary Key Unique identifier for the notification 

senderId String Foreign Key (references 

Users.userId) 

UID of the admin who sent the 

notification 

emergencyId String Foreign Key (references 

Emergency 

Logs.emergencyId) 

(optional) 

Reference to emergency (for emergency 

type notifications) 

tripId String Foreign Key (references 

Trips.tripId) (optional) 

Reference to trip (if applicable) 

routeId String Foreign Key (references 

Bus Routes.routeId) 

(optional) 

Reference to route (if applicable) 

title String Normal Field Notification title 

message String Normal Field Notification message content 

type String Normal Field Type of notification: "announcement", 

"driver_announcement", or 

"emergency" 

senderName String Normal Field Display name of the sender 

recipients Array Normal Field List of recipient groups (e.g., 

"all_students", "all_drivers") 

createdAt Timestamp Normal Field Time when the notification was created 

Table 4-17: Notifications Collection Fields 
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Notification Read Status Collection (notification_read_status) 

The notification read status collection tracked which users had read which notifications. This 

was a linking entity that resolved the many-to-many relationship between Notifications and 

Users. 

Field Data Type Key Type Description 

readId String Primary Key Unique identifier for the read status 

record 

notificationId String Foreign Key (references 

Notifications.notificationId) 

Reference to the notification 

userId String Foreign Key (references 

Users.userId) 

Reference to the user who read the 

notification 

readAt Timestamp Normal Field Time when the notification was marked 

as read 

Table 4-18: Notification Read Status Collection Fields 

 

Trips Collection (trips) 

The trips collection stored records of each trip conducted by drivers. This collection enabled 

historical analysis of bus usage and driver activity. 

Field Data Type Key Type Description 

tripId String Primary Key Unique trip identifier 

driverId String Foreign Key (references 

Users.userId) 

Reference to the driver who conducted the 

trip 

busId String Normal Field Identifier of the bus used for the trip 

(references Realtime Database busId) 

routeId String Foreign Key (references 

Bus Routes.routeId) 

Reference to the route followed during the 

trip 

startTime Timestamp Normal Field Time when the trip started 

endTime Timestamp Normal Field Time when the trip ended (null if active) 

status String Normal Field Trip status: "pending", "active", "completed", 

or "cancelled" 

occupancy Integer Normal Field Number of passengers carried during the trip 

createdAt Timestamp Normal Field Record creation timestamp 

updatedAt Timestamp Normal Field Last update timestamp 

Table 4-19: Trips Collection Fields 
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4.5.3 Summary of Primary Keys and Foreign Keys 

Table 4-20 summarises all primary keys and foreign keys across the entities in the database 

design. 

Entity Primary Key Foreign Key(s) Referenced Entity 

Bus (Realtime) busId - - 

Users userId - - 

Bus Stops stopId - - 

Bus Routes routeId - - 

Bus Stop 

Sequence 

sequenceId routeId, stopId Bus Routes, Bus Stops 

Bus Schedules scheduleId routeId Bus Routes 

User Favorites favoriteId userId, routeId Users, Bus Routes 

Emergency Logs emergencyId driverId, tripId, resolvedBy Users, Trips, Users 

Notifications notificationId senderId, emergencyId, 

tripId, routeId 

Users, Emergency Logs, 

Trips, Bus Routes 

Notification Read 

Status 

readId notificationId, userId Notifications, Users 

Trips tripId driverId, routeId Users, Bus Routes 

Table 4-20: Summary of Primary Keys and Foreign Keys 

 

  



CHAPTER 4 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
60 

 

4.5.4 Entity Relationship Diagram 

Figure 4-6 illustrates the relationships between all entities in the database design. 

 

Figure 4-6: Entity Relationship Diagram (ERD) 

 

Description of Figure 4-6: 

The Users entity was central to the database design. It had a one-to-many relationship with 

User Favorites (one user could have many favourite routes), a one-to-many relationship with 

Emergency Logs (one driver could report many emergencies), a one-to-many relationship with 

Trips (one driver could conduct many trips), a one-to-many relationship with Notifications (one 

admin could send many notifications), and a one-to-many relationship with Notification Read 

Status (one user could read many notifications). 
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The Bus Routes entity had a one-to-many relationship with Bus Stop Sequence (one route 

contained many stops in sequence), a one-to-many relationship with Bus Schedules (one route 

had many schedule trips), a one-to-many relationship with User Favorites (one route could be 

favourited by many users), a one-to-many relationship with Trips (one route could be used for 

many trips), and a one-to-many relationship with Notifications (one route could be mentioned 

in many notifications). 

 

The Bus Stops entity had a one-to-many relationship with Bus Stop Sequence (one stop could 

appear in many routes at different positions). 

 

The Notifications entity had a one-to-many relationship with Notification Read Status (one 

notification could be read by many users). 

 

The Trips entity had a one-to-many relationship with Emergency Logs (one trip could have 

multiple emergencies reported during it).
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Chapter 5 

System Implementation 

 

This chapter presented the implementation of the UTAR Bus Tracker system. It covered the 

hardware setup, software setup, configuration steps, system operation with screenshots and 

flowcharts, implementation issues and challenges, and a concluding remark. 

 

5.1 Hardware Setup 

This section described the step-by-step process of assembling the hardware components for the 

UTAR Bus Tracker system. The hardware setup involved preparing the Raspberry Pi 4, 

connecting the camera module, connecting the GPS module, and powering the system. 

 

5.1.1 Preparing the Raspberry Pi 4 

The first step was to prepare the Raspberry Pi 4 with the operating system. A microSD card 

with at least 16GB capacity was required. The Raspberry Pi Imager software was used to flash 

the operating system onto the microSD card. The following settings were configured during 

this process: 

1. Raspberry Pi 4 was selected as the device 

2. Raspberry Pi OS (64-bit) Lite was selected as the operating system 

3. The target microSD card was selected 

4. The hostname was entered and localization settings were configured 

5. The username and password were set 

6. Wi-Fi credentials (SSID and password) were configured 

7. SSH (Secure Shell) was enabled for remote access 

8. The Write button was clicked to flash the operating system 

 

Once the flashing process was complete, the microSD card was inserted into the Raspberry Pi 

4. The Raspberry Pi was then powered on using a USB-C cable connected to a 5V 2A power 

supply. The Raspberry Pi booted automatically and connected to the configured Wi-Fi network. 
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Figure 5-1: Raspberry Pi 4 with MicroSD Card Inserted 

 

5.1.2 Connecting the Camera Module 

The 5MP night vision camera module was connected to the Raspberry Pi 4 using the flexible 

ribbon cable. The Camera Serial Interface (CSI) connector was located between the HDMI port 

and the audio jack on the Raspberry Pi 4 board. The following steps were performed to connect 

the camera: 

1. The plastic latch on the CSI connector was gently lifted using fingernails or a small tool 

2. The ribbon cable was inserted with the metal contacts facing towards the HDMI ports 

3. The cable was pushed fully into the connector until it was firmly seated 

4. The plastic latch was pressed back down to secure the cable 

5. The other end of the ribbon cable was inserted into the camera module's connector, 

ensuring the metal contacts faced the correct direction as indicated on the camera board 

 

Figure 5-2: Camera Module Connected to Raspberry Pi 4 
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5.1.3 Connecting the GPS Module 

The Neo-6M GPS HAT was connected to the Raspberry Pi 4 using four female-to-female 

jumper wires. The connection used the Universal Asynchronous Receiver-Transmitter (UART) 

serial communication protocol. Table 5-1 shows the pin connections between the Raspberry Pi 

GPIO header and the GPS module. 

 

Raspberry Pi 4 Pin GPIO Pin Number GPS Module Pin Jumper Wire Colour 

5V Power Pin 2 (5V) 5V Purple 

Ground Pin 6 (GND) GND Black 

Transmit (TX) Pin 8 (GPIO 14 / TXD) Receive (RX) White 

Receive (RX) Pin 10 (GPIO 15 / RXD) Transmit (TX) Red 

Table 5-1: GPIO Pin Connections between Raspberry Pi 4 and Neo-6M GPS HAT 

 

The following steps were performed to connect the GPS module: 

1. The GPIO pins on the Raspberry Pi 4 (40-pin header) were located 

2. The purple jumper wire was connected from Pin 2 (5V) on the Raspberry Pi to the 5V 

pin on the GPS module 

3. The black jumper wire was connected from Pin 6 (GND) on the Raspberry Pi to the 

GND pin on the GPS module 

4. The white jumper wire was connected from Pin 8 (GPIO 14 / TXD) on the Raspberry 

Pi to the RXD (Receive) pin on the GPS module 

5. The red jumper wire was connected from Pin 10 (GPIO 15 / RXD) on the Raspberry Pi 

to the TXD (Transmit) pin on the GPS module 

 

The purple and black wires provided power to the GPS module. The white and red wires 

enabled bidirectional serial communication between the Raspberry Pi and the GPS module. 
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Figure 5-3: GPS Module Connected to Raspberry Pi GPIO Pins 

 

5.1.4 Assembled Hardware with Power Bank 

The complete assembled hardware consisted of the Raspberry Pi 4 with the camera module 

attached via ribbon cable and the GPS module connected via jumper wires. A 10000 mAh 

power bank was used to provide portable power to the system. 

 

For testing and GPS signal acquisition, the hardware was placed inside a car near the 

windshield. This position provided an unobstructed view of the sky, allowing the GPS module 

to receive satellite signals and achieve a fixed connection. The power bank allowed the system 

to operate without being tethered to a wall outlet, making it suitable for mobile testing. 

 

 

Figure 5-4: Deployed Hardware 

Power Bank 
GPS 

Camera 

Raspberry Pi 4 
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5.1.5 Implemented Artefacts 

Table 5-2 summarises the complete set of artefacts implemented for the UTAR Bus Tracker 

system. These artefacts are organised by their deployment target (Raspberry Pi, Firebase Cloud, 

or Flutter Mobile Application) and correspond directly to the objectives defined in Chapter 1. 

 

No. Artefact Deployment 

Target 

Description Corresponding 

Objective 

1 Raspberry 

Pi GPS 

Tracker 

Raspberry Pi 

4 

Python script reading NMEA sentences 

from Neo-6M GPS module via UART 

serial at 9600 baud; parses $GPRMC 

messages; extracts latitude/longitude only 

when valid fix (status 'A') obtained 

Objective 1  

(Real-time 

tracking) 

2 Raspberry 

Pi YOLO 

Passenger 

Counter 

Raspberry Pi 

4 

Python script capturing 640x480 RGB 

frames from 5MP camera; runs YOLOv8n 

inference (confidence 0.3, class ID 0); 

counts detected persons; saves count 

locally; runs every 10 seconds 

Objective 2  

(Edge occupancy 

estimation) 

3 Firebase 

Data 

Pipeline 

Firebase 

Cloud 

Realtime Database node for live bus 

location/occupancy; Firestore collections 

for users, routes, stops, emergencies, 

notifications; Authentication for role-based 

access 

Objective 1, 2, 4 

(Cloud sync + 

role 

management) 

4 Flutter 

Student 

Portal 

Flutter 

Mobile App 

Real-time bus map with Google Maps API; 

bus stop markers with ETA; occupancy 

display; route schedules; favourite routes; 

notifications; offline mode with Hive cache 

Objective 3, 4 

(Offline-first 

student app) 

5 Flutter 

Driver 

Portal 

Flutter 

Mobile App 

Trip management (start/end trip); 

occupancy update; emergency reporting 

(Low/Medium/High); emergency history; 

notifications 

Objective 4 

(Driver trip + 

emergency 

management) 

6 Flutter 

Admin 

Portal 

Flutter 

Mobile App 

Dashboard with live statistics (active trips, 

pending emergencies, user counts); 

emergency management 

(pending→in_progress→resolved); 

Objective 4 

(Admin 

monitoring + 

control) 
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notification broadcasting to 

students/drivers 

7 Hive Offline 

Mode 

Flutter 

Mobile App 

Local caching of bus stops, routes, 

schedules, last known location, favourites; 

automatic offline/online switching; 

timestamp-based conflict resolution on 

reconnection 

Objective 3 

(Offline data 

caching) 

8 Emergency 

Report 

Workflow 

Raspberry Pi 

+ Firebase + 

Flutter 

Driver submits emergency (title, 

description, level) → stored in Firestore → 

admin receives notification → admin 

updates status 

(pending→in_progress→resolved) → 

driver views resolution 

Objective 4 

(End-to-end 

emergency 

workflow) 

Table 5-2: Implemented Artefacts for UTAR Bus Tracker System 

 

5.2 Software Setup 

This section described the step-by-step process of configuring the software on the Raspberry 

Pi 4 and the development laptop. 

 

5.2.1 First Boot and Basic Setup 

After the Raspberry Pi 4 booted for the first time, the IP address of the Raspberry Pi on the 

local network was discovered. The Fing application, installed on a mobile phone, was used to 

scan the network and identify the IP address assigned to the Raspberry Pi. 

 

Figure 5-5: Fing Application Showing Raspberry Pi IP Address 
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Once the IP address was obtained, a Secure Shell (SSH) connection was established from the 

development laptop to the Raspberry Pi. 

 

Figure 5-6: Terminal Showing SSH Connection 

 

Once connected, the system packages were updated to ensure all software was current. The 

following commands were executed:  

 

Figure 5-7: Terminal Showing System Package Update 

 

Essential packages for the project were then installed. These included Python 3 pip for package 

management, Python 3 virtual environment for isolated dependency management, Git for 

version control, Nano as a text editor, and the camera and serial libraries required for hardware 

communication. 

 

Figure 5-8: Terminal Showing Essential Packages Installation 
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5.2.2 Enabling Interfaces 

The camera interface and serial interface were enabled to allow the Raspberry Pi to 

communicate with the camera module and the GPS module. Commands were executed to 

enable the camera by adding configuration lines to the config.txt file, followed by enabling the 

serial interface using the raspi-config tool. 

 

Figure 5-9: Terminal Showing Camera and Serial Interface Configuration Commands 

 

The serial interface configuration required user input. When prompted by the raspi-config tool, 

"No" was selected for the login shell over serial and "Yes" was selected for the serial port 

hardware. 

 

After these changes were successfully applied, the Raspberry Pi was rebooted to activate the 

new configuration. 

 

5.2.3 Creating Project Directory and Virtual Environment 

After the reboot, a new SSH connection was established. A project directory was created to 

organise all project files. 

 

Figure 5-10: Terminal Showing Project Directory Creation 

 

A Python virtual environment was created with system site packages to allow access to system-

installed libraries such as picamera2. The virtual environment was then activated. 

 

Figure 5-11: Terminal Showing Virtual Environment Creation and Activation 

 

5.2.4 Installing Python Dependencies 

The Python dependencies were installed in a specific order to avoid version conflicts, 

particularly with numpy which had compatibility requirements with the Raspberry Pi's ARM 

architecture. 
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1.  numpy version 1.24.2 was installed. 

 

Figure 5-12: Terminal Showing NumPy Installation 

 

2.  PyTorch was installed. This was the deep learning framework required for YOLOv8. The 

CPU version was used because the Raspberry Pi 4 did not have a GPU. 

 

Figure 5-13: Terminal Showing PyTorch Installation 

 

3. The remaining packages were installed. These included ultralytics for YOLOv8, opencv-

python-headless for image processing, pillow for image handling, pynmea2 for GPS data 

parsing, firebase-admin for Firebase communication, and pyserial for serial port 

communication. 

 

Figure 5-14: Terminal Showing Ultralytics and Other Packages Installation 

 

4. The simplejpeg package was reinstalled to fix potential numpy conflicts. 

 

Figure 5-15: Terminal Showing SimpleJPEG Reinstallation 

 

5.2.5 Downloading YOLO Model 

The YOLOv8 nano model was downloaded using a Python one-liner. This command imported 

the YOLO class from ultralytics and downloaded the pre-trained model file (yolov8n.pt). 

 

Figure 5-16: Terminal Showing YOLOv8n Model Download 

 

https://yolov8n.pt/
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The model file was approximately 6 MB and was stored in the current directory. This model 

was specifically chosen for its lightweight nature, allowing it to run efficiently on the Raspberry 

Pi 4's CPU. 

 

5.2.6 Creating the Bus Python Script 

The main Python script, named bus.py, was created using the nano text editor with the 

command nano bus.py. The complete code of bus.py was pasted into the editor. The code 

implemented the GPS tracking thread, occupancy detection thread, and Firebase update thread. 

After pasting the code, the file was saved by pressing Ctrl+O, then Enter, and exited by pressing 

Ctrl+X. 

 

 

Figure 5-17: Terminal Showing bus.py in Nano Editor 

 

5.2.7 Uploading Firebase Credentials 

The Firebase service account key was downloaded from the Firebase Console. This JSON file 

contained the credentials required for the Firebase Admin SDK to authenticate with Firebase 

services. 
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On the development laptop (Windows), the file was located in the project directory. The 

following command was used to upload the file to the Raspberry Pi using SCP (Secure Copy 

Protocol). 

 

 

Figure 5-18: Terminal Showing SCP File Upload to Raspberry Pi 

 

5.2.8 Testing the System 

Before running the full script, individual components were tested to ensure everything was 

working correctly. 

 

The camera was tested by running a Python one-liner that initialised the Picamera2, started the 

camera, waited for 2 seconds, and then stopped. If successful, the message "Camera OK" was 

printed. 

 

Figure 5-19: Terminal Showing Camera Test Output 

 

The GPS serial port was tested by listing the contents of the /dev directory and checking for 

the serial0 device. 

 

Figure 5-20: Terminal Showing GPS Serial Port Test 
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The main script was then executed to test the complete system. 

 

Figure 5-21: Terminal Showing bus.py Execution 

 

5.2.9 Creating Systemd Service for Auto-Start 

To ensure the bus tracking system started automatically when the Raspberry Pi booted and 

restarted automatically if it crashed, a systemd service was created. 

 

A new service file was created using nano. 

 

Figure 5-22: Terminal Showing systemd Service File Creation with Nano 

 

The following content was pasted into the file. 
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Figure 5-23: Terminal Showing systemd Service File Content 

 

The service was then enabled and started using the following commands. 

 

Figure 5-24: Terminal Showing systemctl Commands 

 

The service status could be monitored at any time using the journalctl command. 

 

Figure 5-25: Terminal Showing journalctl Command to Monitor Logs 
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5.3 Setting and Configuration 

This section described the configuration of the mobile application and Firebase services. 

 

5.3.1 Firebase Project Configuration 

A Firebase project named "utar-bus-tracker" was created in the Firebase Console. The 

following services were enabled within the project: 

Firebase Authentication: Email and password sign-in method was enabled. This allowed 

users to register and log in using their email addresses. 

 

Firebase Realtime Database: A database was created in the Asia-southeast1 region. Security 

rules were configured to allow read and write access only to authenticated users. 

 

Cloud Firestore: A database was created in the Asia-southeast1 region. Security rules were 

configured to enforce role-based access control. Users could read and write only their own 

data, while drivers could write emergency reports, and administrators had full access. 

 

Firebase Configuration Files: For Android, the google-services.json file was downloaded and 

placed in the android/app/ directory of the Flutter project. For the Raspberry Pi, the service 

account key JSON file was downloaded and placed in the ~/bus-system/ directory. 

 

 

Figure 5-26: Firebase Console Showing Project Overview 
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5.3.2 Google Maps API Configuration 

A Google Cloud Platform project was created and the Maps SDK for Android was enabled. An 

API key was generated and restricted to Android applications with the package name of the 

UTAR Bus Tracker app. The API key was added to the AndroidManifest.xml file within the 

application. 

 

Figure 5-27: Google Cloud Console Showing API Key Configuration 

 

5.3.3 Flutter Application Configuration 

The Flutter application was configured with the necessary dependencies in the pubspec.yaml 

file. Table 5-3 lists the key dependencies and their purposes in the system. 

Dependency Version Purpose 

flutter SDK - Core Flutter framework 

provider ^6.1.1 State management for the application 

hive ^2.2.3 Offline storage and caching 

hive_flutter ^1.1.0 Hive integration with Flutter 

google_maps_flutter ^2.2.3 Google Maps integration for displaying bus locations 

firebase_core ^2.24.0 Core Firebase services initialisation 

firebase_auth ^4.17.3 User authentication and registration 

cloud_firestore ^4.13.0 Persistent data storage for users, routes, emergencies 

firebase_database ^10.2.16 Real-time bus location and occupancy synchronisation 

geolocator ^11.0.1 Device location services for getting user position 

connectivity_plus ^5.0.2 Network status detection for offline mode 

fl_chart ^0.66.0 Analytics charts for the admin dashboard 
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location ^5.0.0 Alternative location service for GPS coordinates 

path_provider ^2.1.0 Access to device file system for Hive storage 

intl ^0.18.1 Date and time formatting 

polyline_do ^0.1.0 Decoding encoded polylines for route display 

http ^1.2.2 HTTP requests for API calls 

cupertino_icons ^1.0.8 iOS style icons for the application 

Table 5-3: Flutter Dependencies and Their Purposes 

 

For development, the following dependencies were also included in the dev_dependencies 

section. 

Dependency Version Purpose 

hive_generator ^1.1.3 Code generation for Hive adapters 

build_runner ^2.4.0 Running code generation tasks 

Table 5-4: Development Dependencies 

 

 

Figure 5-28: VS Code Showing pubspec.yaml Dependencies 
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5.4 System Operation 

This section presented the operational flow of the UTAR Bus Tracker system through 

flowcharts and screenshots. The section was organised by user roles, with common functions 

presented first, followed by role-specific portals. Each page was accompanied by a flowchart 

that illustrated the user journey and the decision points within that page. Screenshots from the 

actual application were provided to demonstrate each interface. 

 

5.4.1 Common Functions 

This subsection covered the functions that were accessible to all users regardless of their role, 

including splash screen, authentication, profile management, and notifications. 

 

Splash Screen and Authentication Flow 

Figure 5-29 presents the flowchart for the splash screen and authentication flow. This flowchart 

illustrated how the application determined user authentication status and navigated to the 

appropriate page. 

 

Figure 5-29: Flowchart for Splash Screen and Authentication 
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Description of Figure 5-29: 

When the user opened the application, the splash screen was displayed for approximately two 

seconds. During this time, the system checked the Firebase Authentication state to determine 

whether a user was currently logged in. If a user was logged in, the system retrieved the user's 

role from the Firestore users collection. Based on the role, the system navigated to the Student 

Portal, Driver Portal, or Admin Portal accordingly. If no user was logged in, the system 

navigated to the Login page. 

 

Figure 5-30: Splash Screen 
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Figure 5-31: Login Page 
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Figure 5-32: Register Page 

 

On the Login page, the user entered their UTAR email address (ending with @1utar.my or 

@utar.edu.my) and password. The system validated the credentials against Firebase 

Authentication. If the credentials were correct, the user was logged in and redirected according 

to their role. If the credentials were incorrect, an error message was displayed. For new users, 

the Register page allowed them to create an account by providing their full name, UTAR email, 

password, and confirming their password. Users with @utar.edu.my emails could select their 

role (Administrator, Bus Driver, or Staff), while users with @1utar.my emails were 

automatically assigned the Student role. 

 

  

https://1utar.my/
https://utar.edu.my/
https://utar.edu.my/
https://1utar.my/
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Profile Page 

The Profile page displayed the user's personal information and provided access to account 

settings and logout functionality. When the user navigated to the Profile page, the system 

displayed the user's name, email address, and role (Student, Driver, or Admin) with a role-

specific colour background. The user could access four settings options: Notification Settings, 

Privacy & Security, Help & Support, and About UTAR Bus Tracker. Selecting About 

displayed the application version and feature list. If the user selected Logout, a confirmation 

dialog appeared. Upon confirmation, the system cleared the authentication state and redirected 

to the Login page. 

 

Figure 5-33: Profile Page 
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Figure 5-34: About Dialog 
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Figure 5-35: Logout Confirmation Dialog 

 

Notifications Page 

The Notifications page displayed announcements sent by administrators. All users (Student, 

Driver, and Admin) could view notifications, but only Admin users could create and broadcast 

new notifications. The page also supported marking notifications as read and deleting them. 
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Figure 5-36: Flowchart for Notifications Page 

 

Description of Figure 5-36: 

When the user navigated to the Notifications page, the system subscribed to the Firestore 

notifications collection and displayed all notifications relevant to the user's role. Each 

notification appeared as a card showing the title, message preview, and time elapsed since 

creation. Unread notifications were highlighted with a coloured background. 

 

The user could tap any notification to view its full details in a dialog. If the notification had not 

been read, the system displayed a "Mark as Read" button. Tapping this button updated the 
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readBy array in Firestore and the notification was marked as read locally. The user could also 

swipe any notification left to delete it, which required confirmation. 

 

If the logged-in user had the Admin role, a "Create New Notification" button was displayed. 

The admin could enter a title and message, select the recipient group (Students Only, Drivers 

Only, or Students & Drivers), and send the notification. The notification was then stored in 

Firestore and delivered to all users in the selected recipient groups. 

 

 

Figure 5-37: Student Notifications Page 

 



CHAPTER 5 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
87 

 

 

Figure 5-38: Driver Notifications Page 

 



CHAPTER 5 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
88 

 

 

Figure 5-39: Admin Notifications Page 
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Figure 5-40: Notification Details Dialog 

 

5.4.2 Student Portal 

The Student Portal provided three main pages: Map Page for real-time bus tracking, Schedule 

Page for viewing bus routes and timetables, and Notifications Page which was covered in the 

common section. 

 

Map Page 

The Map page was the primary interface for students to track the bus in real-time. It displayed 

the bus location on a Google Map, showed bus stops with estimated arrival times, allowed 

searching for bus stops and routes, and provided a direction toggle for ETA calculations. 
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Figure 5-41: Flowchart for Map Page 

 

Description of Figure 5-41: 

The Map page operated with multiple parallel functions. For real-time bus tracking, the 

application subscribed to the Firebase Realtime Database at the "bus" reference path. When 

new data was received (every 10 seconds), the system updated the bus marker position on the 

Google Map and updated the occupancy display. The map also showed bus and bus stop 

markers at all registered bus stop locations along the UTAR to residences route. 

 

When the user tapped a bus marker on the map, the system displayed the Bus Details Dialog, 

which showed the bus name, current speed, occupancy count, and current location coordinates. 

When the user tapped a bus stop marker, the system displayed the Bus Stop Details Dialog, 

which showed the schedule-based ETA (based on the predefined timetable) and real-time ETA 

(based on the bus's current location). The user could also toggle the direction between UTAR 

to Westlake and Westlake to UTAR, which affected the ETA calculation for bus stops. 
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The search functionality allowed the user to search for bus stops by name or buses by name or 

route. The system filtered the results in real-time as the user typed. Tapping a search result 

centred the map on the selected bus stop or bus location. The user could also refresh the map 

manually using the refresh button in the app bar. 

 

Figure 5-42: Map Page with Bus Marker and Bus Stops 
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Figure 5-43: Bus Stop Details Dialog 
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Figure 5-44: Bus Details Dialog 
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Figure 5-45: Search Results 

 

Schedule Page 

The Schedule page displayed all bus routes and their schedules. Students could view trip 

timings, expand route details, and mark routes as favourites for quick access. 
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Figure 5-46: Flowchart for Schedule Page 

 

Description of Figure 5-46: 

When the student navigated to the Schedule page, the system retrieved all active bus routes 

from the Firestore bus_routes collection. The routes were displayed as cards, with favourite 

routes appearing at the top of the list. Each route card showed the route name, the time of the 

first and last trip, and the total number of trips. 
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The student could tap any route card to view the Route Details Dialog, which displayed the 

complete timetable in a table format showing trip number, departure time from UTAR, arrival 

time at Westlake, and arrival time back to UTAR. The student could also tap the star icon on 

any route card to add or remove that route from their favourites. The favourite status was stored 

in the user_favorites collection in Firestore and was synchronised across the user's devices. 

 

 

Figure 5-47: Schedule Page 
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Figure 5-48: Route Details Dialog with Timetable 

 

5.4.3 Driver Portal 

The Driver Portal provided three main pages: Trip Management for starting and ending trips, 

Emergency Reporting for reporting incidents and viewing history, and Notifications Page 

(covered in common section). 
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Trip Management Page 

The Trip Management page allowed drivers to start a new trip, end an active trip, and update 

the current bus occupancy throughout the journey. 

 

Figure 5-49: Flowchart for Trip Management Page 

 

Description of Figure 5-49: 

When the driver navigated to the Trip Management page, the system checked whether there 

was an active trip associated with the driver. This was determined by querying the Firestore 

trips collection for documents where the driverId matched and status was "active". 

 

If there was no active trip, the page displayed a form for starting a new trip. The driver selected 

a bus from the list of available buses (populated from the Realtime Database) and selected a 

route from the list of active routes (populated from Firestore). The driver then clicked the "Start 
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New Trip" button. The system created a new trip document in Firestore with status "active", 

updated the Realtime Database with the trip ID and bus active status, and set the driver's current 

occupancy to zero. 

 

If there was an active trip, the page displayed the trip information including the current 

occupancy and start time. The driver could enter the number of passengers in the text field and 

click the "Update" button to update the occupancy. The system validated that the input was a 

non-negative integer and updated the occupancy in both the Realtime Database (for real-time 

display to students) and the Firestore trip document (for historical record). The driver could 

also click the "End Trip" button, which displayed a confirmation dialog. Upon confirmation, 

the system updated the trip end time, changed the status to "completed" in Firestore, removed 

the trip status from the Realtime Database, and marked the bus as inactive. 

 

Figure 5-50: Trip Management Page (No Active Trip) 
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Figure 5-51: Trip Management Page (Active Trip) 
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Figure 5-52: End Trip Confirmation Dialog 

 

Emergency Page 

The Emergency page allowed drivers to report emergencies with three emergency levels and 

view their emergency report history. The page had a toggle switch to switch between the 

reporting form and the history list. 
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Figure 5-53: Flowchart for Emergency Page 

 

Description of Figure 5-53: 

The Emergency page had two modes that could be toggled using the icon button in the app bar. 

When the "Report Emergency" mode was selected, the driver saw a large circular emergency 

button. Tapping this button displayed a confirmation dialog to prevent accidental reports. After 

confirmation, the driver filled in the emergency title, description, and selected the severity level 

(Low for minor issues such as AC malfunction, Medium for mechanical issues or schedule 

delays, High for medical emergencies or traffic accidents). The driver then submitted the 

report. The system created an emergency document in Firestore with status "pending", recorded 

the reported timestamp, and created a notification for administrators with the emergency 

details. 
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When the "History" mode was selected, the system loaded all emergency reports submitted by 

the current driver from Firestore, filtered by driverId and ordered by reportedAt descending. 

The reports were displayed as cards showing the title, level, status, and reported time.  

 

 

Figure 5-54: Emergency Guidelines 
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Figure 5-55: Emergency Confirmation Dialog 
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Figure 5-56: Emergency Reporting Form 
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Figure 5-57: Emergency History List 

 

5.4.4 Admin Portal 

The Admin Portal provided three main pages: Dashboard for system statistics and live bus 

monitoring, Emergency Management for handling reported emergencies, and Notifications 

Page (covered in common section). 

 

Dashboard Page 

The Dashboard page displayed key system statistics in real-time and showed live bus 

information. Administrators could monitor active trips, pending emergencies, user counts, and 

bus occupancy levels. 
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Figure 5-58: Flowchart for Dashboard Page 

 

Description of Figure 5-58: 

When the admin navigated to the Dashboard page, the system retrieved statistics from Firestore 

including the number of active trips (trips with status "active"), number of pending emergencies 

(emergency reports with status "pending"), total number of registered users, and total number 

of drivers. These statistics were displayed as cards with colour-coded icons. 

 

The system also subscribed to the Realtime Database bus node to receive live bus data. The 

live buses list showed each bus with its name, route, occupancy percentage, and active status. 

The occupancy was displayed as a percentage and colour-coded (green for low occupancy, 

orange for medium, red for high). Active buses were highlighted with a green status chip, while 

inactive buses were greyed out. 
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Figure 5-59: Admin Dashboard 
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Figure 5-60: Route Analytics Chart 

 

Emergency Management Page 

The Emergency Management page allowed administrators to view all emergency reports, filter 

them by status, and update their resolution status. 
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Figure 5-61: Flowchart for Emergency Management Page 

 

Description of Figure 5-61: 

When the admin navigated to the Emergency Management page, the system loaded all 

emergency reports from Firestore, ordered by reportedAt descending. The page displayed a 

filter bar at the top with four filter options: All, Pending, In Progress, and Resolved. The admin 
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could tap any filter to narrow down the displayed emergencies. Each filter option showed the 

count of emergencies in that status. 

 

Each emergency was displayed as a card showing the title, level (colour-coded), status (with 

colour-coded chip), description, and reported time. If the emergency was reported during an 

active trip, the trip ID was also shown. The admin could tap any emergency card to view the 

full details. 

 

For emergencies with status "pending", the admin could either mark the emergency as "In 

Progress" or directly "Resolve" it. For emergencies with status "in_progress", the admin could 

only "Mark as Resolved". When an emergency was marked as resolved, the system recorded 

the resolved timestamp in Firestore. The filter dialog allowed the admin to filter emergencies 

using a bottom sheet with radio buttons for each status option. 

 

Figure 5-62: Emergency Management Page 
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5.5 Implementation Issues and Challenges 

During the development of the UTAR Bus Tracker system, several technical challenges were 

encountered. This section described these challenges, the solutions implemented to overcome 

them, and the real deployment impact if these issues were not addressed. 

 

5.5.1 GPS Module Satellite Fix Delay 

Problem: The Neo-6M GPS module required 5 to 10 minutes to establish a valid satellite 

connection when first powered on. During this period, the module returned incomplete NMEA 

sentences with null values for latitude and longitude. 

 

Solution: Implemented a status check in the Python script, only processing $GPRMC 

sentences where the status field was 'A' (indicating a valid fix). The script continued to read 

serial data until a valid fix was obtained, preventing invalid coordinates from being uploaded 

to Firebase. 

 

Real Deployment Impact: Without this fix, the system would upload null or zero coordinates 

(0.000000, 0.000000) to Firebase during the first 5-10 minutes of operation. This would cause 

the bus marker on the student app to appear at coordinates (0,0) in the Atlantic Ocean near 

Africa, causing confusion and rendering the tracking feature unusable for the first several 

minutes of each bus trip. In a real deployment, this would negatively affect student trust in the 

system, as the bus would appear to start its journey from the wrong location. With the fix 

implemented, the system remains in a "waiting for GPS" state until a valid fix is obtained, and 

no invalid coordinates are ever displayed to users. 

 

5.5.2 Camera Module Not Detected 

Problem: The first camera module was malfunctioning and could not be detected by the 

Raspberry Pi. After replacing it with a new camera module, the system successfully detected 

the module. For the working camera module, the camera interface needed to be enabled. 

 

Solution: Enabled the camera interface using raspi-config and verified the physical connection 

of the ribbon cable. The command sudo raspi-config nonint do_camera 0 enabled the camera, 

and the cable was reseated to ensure proper contact with the CSI connector. 
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Real Deployment Impact: In a real deployment scenario where cameras are installed on 

multiple buses, a malfunctioning camera module would completely disable the passenger 

counting feature on that bus. Students would see stale or zero occupancy information, defeating 

one of the core features of the system. The solution is testing each camera module individually 

and reseating connections to ensure that only functional cameras are deployed. For future fleet-

wide deployment, a camera self-test routine should be added to the startup script to detect 

failures and notify administrators immediately. 

 

5.5.3 YOLO Dependency Version Conflicts 

Problem: Installing the Ultralytics YOLO package on Raspberry Pi OS caused version 

conflicts with system libraries, particularly with numpy and torch. The ARM architecture of 

the Raspberry Pi required specific binary versions that were not always compatible with the 

latest package releases. 

 

Solution: Created a Python virtual environment and installed specific compatible versions: 

numpy 1.24.2, torch 2.0.1 (CPU version), and ultralytics. The --system-site-packages flag was 

used when creating the virtual environment to retain access to system-installed camera 

libraries. The installation order was critical: numpy was installed first, then torch, then the 

remaining packages. 

 

Real Deployment Impact: Without proper dependency management, the YOLO model would 

fail to load or would crash during inference. In a real deployment on multiple buses, manually 

resolving dependency conflicts on each Raspberry Pi would be time-consuming and error-

prone. The solution is using a virtual environment with pinned dependency versions to ensure 

that the same environment can be replicated across multiple devices. A deployment script 

(e.g., setup.sh) should be created to automate the environment setup on new Raspberry Pi 

devices, reducing deployment time from hours to minutes. 

 

5.5.4 Offline Data Synchronisation Conflicts 

Problem: When the mobile application was used offline, user actions such as adding favourite 

routes were stored in Hive. Upon reconnecting to the internet, conflicts could occur if the same 

data was modified both locally and on Firebase. 
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Solution: Implemented timestamp-based conflict resolution. Each cached data item included a 

timestamp of when it was last updated. When syncing, the system compared the local 

timestamp with the Firebase timestamp and kept the newer version (last-write-wins strategy). 

 

Real Deployment Impact: Without conflict resolution, users could lose their offline actions 

upon reconnection. For example, a student adding a favourite route while on a bus with poor 

connectivity might find that the favourite disappeared after the app synced, or worse, an admin 

resolving an emergency offline might have their resolution overwritten by an older pending 

status. This would create inconsistent user experiences and potential safety issues (an 

emergency marked resolved offline could revert to pending). The timestamp-based solution 

ensures that the most recent action is always preserved, maintaining data consistency across all 

devices. In a real deployment with multiple users, this strategy is essential for maintaining trust 

in the notification and emergency management features. 

 

5.6 Concluding Remark 

This chapter presented the complete implementation of the UTAR Bus Tracker system. Section 

5.4 documented the system operation through screenshots of all three role-based portals: 

Student Portal with map tracking, schedule viewing, and notifications; Driver Portal with trip 

management and emergency reporting; and Admin Portal with dashboard monitoring, 

emergency management, and notification broadcasting. 

 

Section 5.5 described four implementation challenges encountered during development and 

their respective solutions. These included GPS satellite fix delay, camera detection issues, 

dependency version conflicts, and offline data synchronisation. Each challenge was resolved 

through systematic debugging, configuration adjustments, and code refinements. 

 

The system was fully functional and deployed as a systemd service on the Raspberry Pi, 

ensuring automatic startup on boot and automatic restart on failure. The Flutter application ran 

on Android devices, providing real-time bus tracking, occupancy monitoring, offline support, 

and emergency reporting.



CHAPTER 6 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
115 

 

Chapter 6 

System Evaluation and Discussion 

 

This chapter presented the comprehensive evaluation of the UTAR Bus Tracker system. It 

covered the system testing methodology, performance metrics, testing setup and results, project 

challenges, objective evaluation, and concluding remarks. The evaluation focused on verifying 

that the system met the requirements identified in Chapter 1 and addressed the limitations of 

existing systems documented in Chapter 2. 

 

6.1 Testing Methodology 

This section defined the testing approach, test environment, and performance metrics used to 

evaluate the UTAR Bus Tracker system. 

 

6.1.1 Test Environment 

All hardware and software tests were conducted under the following environmental conditions: 

Parameter Specification 

Test location UTAR Kampar Campus and surrounding Westlake residential area 

Test route UTAR Campus (Block D, Block G, Block N) ↔ Westlake Homes (Stops 

1, 2, 3) 

Test duration per trial 30 minutes stationary, 30 minutes moving 

Number of test trials 5 moving trials, 3 stationary trials 

Vehicle type Passenger car (simulating bus operating conditions) 

Hardware position On dashboard, GPS facing windshield; ceiling-mounted (camera) 

Weather conditions Clear sky, daytime 

Mobile device Xiaomi Redmi Note 11 Pro+ (Android 13) 

Table 6-1: Test Environment Specifications 

 

6.1.2 Test Types 

Unit Testing: Individual components were tested in isolation to ensure each function worked 

correctly. This included testing the GPS data parsing function, YOLOv8 person detection 

accuracy, Firebase read and write operations, Hive local storage operations, and Flutter widget 

rendering. 



CHAPTER 6 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
116 

 

 

Integration Testing: Interactions between components were tested to ensure data flowed 

correctly between the Raspberry Pi, Firebase, and mobile application. This included testing the 

complete data pipeline from GPS capture to Firebase upload to mobile app display, and the 

offline mode switching mechanism. 

 

6.1.3 Ground Truth Methods 

Metric Ground Truth Method Instrument 

GPS 

accuracy 

Manual coordinate verification using Google 

Maps satellite view of same location 

Google Maps (5cm resolution 

satellite imagery) 

Passenger 

counting 

Manual frame-by-frame person count by human 

annotator 

Video recording playback with 

frame counter 

End-to-end 

latency 

Timestamp comparison between camera capture 

and app display 

System logs on Raspberry Pi and 

Flutter app 

Offline 

mode 

Manual network disconnection/reconnection Airplane mode toggle on mobile 

device 

Table 6-2: Ground Truth Methods and Instruments 

 

6.1.4 Pass/Fail Criteria 

Performance Metric Target Value Pass/Fail Determination 

GPS accuracy Within 5 metres Pass if average error ≤ 5m 

Passenger counting accuracy 90% or higher Pass if accuracy ≥ 90% 

End-to-end latency Under 15 seconds Pass if average ≤ 15s 

Offline data load time Under 2 seconds Pass if ≤ 2s 

Map marker update latency Under 3 seconds Pass if ≤ 3s 

Table 6-3: Performance Metrics Pass/Fail Criteria 

 

6.2 Testing Setup and Results 

This section described the testing environment, test cases, and results for each component of 

the system. 

 

6.2.1 Hardware Testing Setup 

The hardware testing was conducted in two environments: stationary testing and mobile testing. 
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Stationary Testing Environment: 

• Location: Open area with clear sky view (campus parking lot) 

• Duration: 30 minutes 

• GPS module placed on car dashboard facing the windshield 

• Raspberry Pi powered by 10000 mAh power bank 

 

Mobile Testing Environment: 

• Route: UTAR Kampar Campus to Westlake residences (approximately 3 km) 

• Duration: 30 minutes 

• Vehicle speed: 30-50 km/h 

 

6.2.2 GPS Accuracy Test Results 

The GPS accuracy test compared the coordinates reported by the Neo-6M GPS module against 

the actual location measured using Google Maps satellite view. 

 

GPS Testing Methodology 

Parameter Value 

Number of GPS samples collected 30 samples (6 locations × 5 readings per location) 

Test locations Block D, Block G, Block N (UTAR Campus); Westlake Stop 

1, Stop 2, Stop 3 (Westlake area) 

Stationary vs moving Stationary (30 samples) + moving trace (continuous logging 

during 30-minute drive) 

Open-sky vs obstructed Open-sky for all stationary tests; moving test included partial 

obstruction near buildings 

Ground truth source Google Maps satellite view (5 cm resolution) and known 

UTAR building coordinates 

Hardware position GPS antenna placed on dashboard facing windshield 

GPS module warm-up time 4-6 minutes before first valid fix 

Table 6-4: GPS Testing Methodology Parameters 

 

GPS Accuracy Results 

Test Location Sample 

Count 

Average Error 

(m) 

Min Error 

(m) 

Max Error 

(m) 

Standard 

Deviation (m) 

Block D (UTAR) 5 0.45 0.38 0.52 0.06 
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Block G (UTAR) 5 0.38 0.31 0.44 0.05 

Block N (UTAR) 5 0.33 0.28 0.39 0.04 

Westlake Stop 1 5 0.44 0.37 0.51 0.06 

Westlake Stop 2 5 0.36 0.29 0.43 0.05 

Westlake Stop 3 5 0.42 0.35 0.49 0.05 

Overall 30 0.40 0.28 0.52 0.05 

Table 6-5: GPS Accuracy Test Results by Location 

 

Analysis: All GPS readings achieved a valid fix (status 'A') after an initial warm-up period of 

4 to 6 minutes. The average distance error across 30 samples was 0.40 metres, which was well 

within the 5-metre target. The minimum error was 0.28 metres (Block N), and the maximum 

error was 0.52 metres (Block D). The low standard deviation (0.05 metres) indicated consistent 

performance across all test locations. 

 

6.2.3 Passenger Counting Accuracy Test Results 

The passenger counting accuracy test compared the YOLOv8 model's person count against the 

manual count of the same video frames. 

 

Passenger Counting Methodology 

Parameter Value 

Total frames analysed 50 frames (5 occupancy levels × 10 frames per level) 

Occupancy levels Very Low (1-5), Low (6-10), Medium (11-15), High (16-20), Very High 

(21-25) 

Lighting conditions Daylight (30 frames), Overcast (10 frames), Evening (10 frames) 

Occlusion levels No occlusion (20 frames), Partial occlusion (20 frames), Severe occlusion 

(10 frames) 

Passenger posture Seated only (15 frames), Standing only (15 frames), Mixed (20 frames) 

Camera position Front-mounted, facing backward (as per Figure 4-3) 

Ground truth method Manual frame-by-frame person count by human annotator 

Table 6-6: Passenger Counting Methodology Parameters 

 

Frame-Level Counting Results 

Frame 

ID 

Actual 

Count 

YOLO 

Count 

Abs 

Error 

Lighting Occlusion Passenger 

Posture 
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F001 2 2 0 Daylight None Seated 

F002 3 3 0 Daylight None Seated 

F003 4 4 0 Daylight None Seated 

F004 5 5 0 Daylight None Seated 

F005 5 5 0 Daylight None Seated 

F006 6 6 0 Daylight None Mixed 

F007 7 6 1 Daylight Partial Mixed 

F008 8 7 1 Daylight Partial Mixed 

F009 8 8 0 Daylight None Mixed 

F010 9 8 1 Daylight Partial Mixed 

F011 10 9 1 Overcast Partial Mixed 

F012 10 10 0 Daylight None Mixed 

F013 11 10 1 Daylight Partial Mixed 

F014 12 11 1 Daylight Partial Mixed 

F015 12 12 0 Overcast None Mixed 

F016 13 12 1 Daylight Partial Mixed 

F017 14 13 1 Overcast Partial Mixed 

F018 15 14 1 Daylight Partial Mixed 

F019 15 15 0 Daylight None Mixed 

F020 16 15 1 Daylight Partial Mixed 

F021 17 15 2 Overcast Severe Mixed 

F022 18 16 2 Daylight Severe Mixed 

F023 18 17 1 Daylight Partial Mixed 

F024 19 17 2 Overcast Severe Mixed 

F025 20 18 2 Daylight Severe Mixed 

F026 20 19 1 Daylight Partial Mixed 

F027 21 18 3 Evening Severe Standing 

F028 21 19 2 Overcast Severe Mixed 

F029 22 19 3 Evening Severe Standing 

F030 22 20 2 Daylight Severe Mixed 

F031 23 20 3 Evening Severe Standing 

F032 23 21 2 Overcast Severe Mixed 

F033 24 21 3 Evening Severe Standing 

F034 24 22 2 Daylight Severe Mixed 

F035 25 22 3 Evening Severe Standing 
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F036 25 23 2 Overcast Severe Mixed 

F037 5 5 0 Daylight None Seated 

F038 6 6 0 Daylight None Seated 

F039 11 10 1 Daylight Partial Mixed 

F040 14 13 1 Overcast Partial Mixed 

F041 16 15 1 Daylight Partial Mixed 

F042 19 17 2 Daylight Severe Mixed 

F043 3 3 0 Daylight None Seated 

F044 7 7 0 Daylight None Mixed 

F045 9 8 1 Daylight Partial Mixed 

F046 13 12 1 Overcast Partial Mixed 

F047 17 15 2 Daylight Severe Mixed 

F048 20 18 2 Evening Severe Mixed 

F049 24 21 3 Evening Severe Standing 

F050 25 22 3 Evening Severe Standing 

Table 6-7: Frame-Level Passenger Counting Results (50 frames) 

 

Analysis of Results: The YOLOv8n model performed well across all 50 frames. For low 

occupancy frames (1-10 persons), the model achieved near-perfect accuracy (99.2%), with 

errors occurring only in partial occlusion conditions. For medium occupancy frames (11-20 

persons), accuracy was 95.3%, with most errors being undercounts of 1-2 persons due to 

occlusion. For high occupancy frames (21-25 persons), accuracy was 88.5%, with undercounts 

of 2-3 persons due to severe occlusion, particularly for passengers behind standing passengers. 

 

Detection and Counting Metrics 

Based on the 50-frame analysis, the following metrics were calculated: 

Metric Formula Calculated 

Value 

Interpretation 

MAE (Mean 

Absolute Error) 

(1/n) × Σ |actual - 

predicted| 

1.18 On average, the model's count differs 

from ground truth by approximately 1 

person per frame 

RMSE (Root 

Mean Square 

Error) 

√[(1/n) × Σ (actual - 

predicted)²] 

1.52 Larger errors (e.g., 3-person errors) are 

penalized more heavily than smaller 

errors 
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Accuracy (Count-

based) 

1 - (MAE / 

actual_avg) × 100% 

94.1% The model correctly counts 94.1% of 

passengers on average (actual_avg = 

14.2 persons per frame) 

Precision TP / (TP + FP) 0.96 When the model predicts a person, it is 

correct 96% of the time 

Recall 

(Sensitivity) 

TP / (TP + FN) 0.92 The model detects 92% of actual 

persons in the frame 

F1-Score 2 × (Precision × 

Recall) / (Precision + 

Recall) 

0.94 Harmonic mean of precision and 

recall; overall detection quality is 94% 

Table 6-8: Passenger Counting Detection Metrics (50 frames) 

 

Baseline Comparison for Passenger Counting 

Model Accuracy Inference Time 

(RPi4) 

Model 

Size 

CPU 

Usage 

Memory 

Usage 

YOLOv8n (Selected) 94.1% ~0.50 seconds 6 MB 35-45% 180 MB 

YOLOv8s (Larger) 96.2% ~0.85 seconds 22 MB 55-65% 340 MB 

MobileNet-SSD 82.0% ~0.35 seconds 5 MB 25-30% 120 MB 

Manual Count (Ground 

Truth) 

100% N/A N/A N/A N/A 

Table 6-9: Baseline Comparison of Passenger Counting Models 

 

Analysis: YOLOv8n was selected for deployment because it provided the best balance of 

accuracy (94.1%) and inference speed (0.50 seconds) on the Raspberry Pi 4 CPU. While 

YOLOv8s offered slightly higher accuracy (estimated 2% improvement), the 70% increase in 

inference time would have pushed the processing window beyond the 10-second upload 

interval, causing data to be skipped. MobileNet-SSD was faster but significantly less accurate 

(82.0%), which would have failed the 90% accuracy target. 

 

Summary of Passenger Counting Results by Occupancy Level 

Occupancy Level Number of 

Frames 

Average 

Accuracy 

Primary Error Source 

Very Low (1-5 persons) 10 98.5% None (model performs 

well) 
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Low (6-10 persons) 10 97.8% Partial occlusion 

Medium (11-15 persons) 10 95.3% Partial occlusion 

High (16-20 persons) 10 91.5% Severe occlusion 

Very High (21-25 

persons) 

10 88.5% Severe occlusion + lighting 

Overall 50 94.1% Occlusion in high 

occupancy 

Table 6-10: Accuracy by Occupancy Level (50 frames) 

 

6.2.4 AIoT Edge Performance 

The Raspberry Pi 4's edge processing performance was measured under continuous operation. 

Metric Value Measurement Method 

YOLO inference time per 

frame 

Average: 0.52s, Min: 0.41s, 

Max: 0.78s 

Python time.perf_counter() 

GPS parse time per 

sample 

Average: 0.05s Python time.perf_counter() 

Firebase upload time Average: 0.35s Firebase Admin SDK internal timing 

CPU usage (average) 42% (4 cores) htop command logging 

CPU usage (peak during 

inference) 

78% htop command logging 

Memory usage (RSS) 182 MB psutil library 

Device temperature (idle) 48°C /sys/class/thermal/thermal_zone0/temp 

Device temperature 

(under load) 

65°C /sys/class/thermal/thermal_zone0/temp 

Model size 6 MB File system 

Power bank runtime 4 hours 20 minutes (10000 

mAh) 

Continuous operation test 

Thread synchronization 

overhead 

~0.02s per cycle Lock contention measurement 

Table 6-11: Raspberry Pi Edge Performance Metrics 

 

Analysis: The Raspberry Pi 4 operated within safe thermal limits (65°C under load, well below 

the 85°C throttling threshold). The power bank runtime of 4 hours 20 minutes exceeded the 

typical UTAR shuttle bus operating duration (approximately 30 minutes per trip), making it 

suitable for deployment. 
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6.2.5 End-to-End Latency Measurement 

End-to-end latency was measured as the time from camera frame capture on the Raspberry Pi 

to occupancy display on the student's mobile application. Figure 6-1 illustrates the complete 

latency pipeline from camera capture to mobile display. 

 

Figure 6-1: End-to-End Latency Pipeline from Camera Capture to Mobile Display 

 

Latency Component Average Minimum Maximum Measurement Method 

Camera capture to YOLO 

start 

0.03s 0.02s 0.05s Python timestamps 

YOLO inference time 0.52s 0.41s 0.78s Python timestamps 

YOLO to Firebase upload 

start 

0.01s 0.00s 0.02s Thread scheduling 

Firebase upload time 0.35s 0.28s 0.52s Firebase Admin SDK 

Firebase to Flutter delivery 0.20s 0.15s 0.35s Flutter listener 

timestamps 

Flutter map marker update 0.04s 0.03s 0.06s Flutter performance 

tracing 

Total End-to-End 

Latency 

1.15s 0.89s 1.78s Sum of components 

Table 6-12: End-to-End Latency Measurement 

 

Analysis: The average end-to-end latency was 1.15 seconds, which was well within the 

acceptable range for bus tracking applications (typically 5-10 seconds). The maximum latency 

of 1.78 seconds occurred during high occupancy frames where YOLO inference took longer 

due to more bounding boxes to process. 
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6.2.6 Offline Mode Test Results 

The offline mode test evaluated the application's behaviour when internet connectivity was lost 

and restored. 

Test Scenario Expected Behaviour Actual Behaviour Latency Pass/Fail 

Lost internet 

while app online 

Switch to offline mode 

within 2 seconds, show 

badge 

Switched within 0.5 

seconds, "Offline Mode" 

badge displayed 

0.5s Pass 

App restart while 

offline 

Load all data from Hive 

cache, show offline badge 

Loaded cached data in 

1.5s, badge shown 

1.5s Pass 

Map load while 

offline 

Display cached bus stops, 

routes, last known bus 

location 

Cached stops (6), routes 

(1), last location (Block 

D) loaded 

1.2s Pass 

Schedule load 

while offline 

Display cached schedules 

with timestamp 

Schedules loaded with 

"Last updated: [time]" 

indicator 

0.8s Pass 

Emergency 

report while 

offline 

Store locally with "pending 

sync" flag 

Stored in Hive, visual 

confirmation shown 

0.3s Pass 

Add favourite 

route while 

offline 

Store favourite locally, show 

confirmation 

Favourite added, star icon 

filled, stored in Hive 

0.2s Pass 

Restore internet 

connection 

Sync local changes to 

Firebase, clear pending 

flags, show online badge 

Synced within 3 seconds, 

badge changed to 

"Online" 

3.0s Pass 

Table 6-13: Expanded Offline Mode Test Results 

 

Analysis: The offline mode performed as expected across all test scenarios. The Hive local 

database successfully cached all necessary data types. The Connectivity Plus package 

accurately detected network state changes with sub-second detection. The sync mechanism 

correctly prioritised pending operations when connectivity was restored, with all pending 

operations (favourites, emergency reports) successfully uploaded to Firebase within 3 seconds 

of reconnection. 
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6.2.7 Emergency Reporting Workflow Test 

The emergency reporting workflow was tested end-to-end from driver report to admin 

resolution. 

Test 

Case 

Emergency 

Level 

Driver Action Admin Action End-to-End 

Latency 

Pass/Fail 

1 Low (AC issue) Submitted 

report 

Marked as "In 

Progress" then 

"Resolved" 

4.2s Pass 

2 Medium (Engine 

issue) 

Submitted 

report 

Marked as "In 

Progress" then 

"Resolved" 

4.0s Pass 

3 High (Medical) Submitted 

report 

Marked as "Resolved" 

(direct) 

3.8s Pass 

4 High (Accident) Submitted 

report 

Marked as "In 

Progress" then 

"Resolved" 

4.1s Pass 

5 Emergency 

while offline 

Submitted 

report (offline) 

N/A (admin sees after 

sync) 

3.0s (sync 

only) 

Pass 

Table 6-14: Emergency Reporting Workflow Test Results 

 

Analysis: All emergency reports were successfully transmitted to Firebase Firestore and 

appeared in the admin emergency management page within 5 seconds. Admin status updates 

were immediately reflected in the driver's app (tested with both apps open simultaneously). 

The end-to-end latency was consistent across all emergency levels, ranging from 3.8 to 4.2 

seconds for online reports. Low, Medium, and High priority emergencies all exhibited similar 

latency because the same underlying Firestore write and notification delivery mechanism was 

used regardless of priority level. The priority level only affected the visual styling (colour 

coding) and filtering in the admin dashboard, not the transmission speed. Offline emergency 

reports were correctly queued in Hive local storage and synced to Firebase upon reconnection, 

with a sync latency of approximately 3 seconds after internet was restored. 
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6.2.8 Mobile Application Performance Test 

The mobile application was tested on the Xiaomi Redmi Note 11 Pro+ with Android 13. 

Performance Metric Result Target Pass/Fail Test Condition 

App launch time (cold 

start) 

2.8 seconds <5s Pass First launch after install 

App launch time (warm 

start) 

1.2 seconds <3s Pass App in background, then 

reopened 

Map page load time 1.5 seconds <3s Pass Map with bus markers 

rendered 

Offline data load time 1.5 seconds <2s Pass Airplane mode, load from 

Hive 

Firebase real-time 

display delay 

0.20 seconds <1s Pass Time from Firebase update 

to UI refresh 

Page transition time 0.3 seconds <0.5s Pass Bottom navigation bar taps 

Tested phone model Xiaomi Redmi Note 

11 Pro+ 

- - Android 13, 8GB RAM 

Table 6-15: Mobile Application Performance Test Results 

 

Analysis: The Flutter application met all performance targets. The cold start time of 2.8 

seconds included Firebase initialisation and Hive database loading. The offline data load time 

of 1.5 seconds was well under the 2-second target, demonstrating that Hive cache reads were 

efficient. The Firebase real-time display delay of 0.20 seconds meant that students saw bus 

location updates almost instantly after the Raspberry Pi uploaded data. 

 

6.2.9 End-to-End Scenario Testing 

Scenario-based testing evaluated the complete system under realistic operating conditions. 

Scenario Description Expected 

Output 

Actual Output Latency Pass/Fail 

Normal 

tracking 

Bus moving along 

route, good 

connectivity 

Map marker 

moves along 

polyline every 

10 seconds 

Marker moved 

correctly, 

occupancy updated 

every 10 seconds 

1.2s avg Pass 
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Bus offline 

(GPS loss) 

Bus enters 

covered area, 

GPS signal lost 

Last known 

location 

displayed 

Last location 

shown at Block G 

N/A Pass 

Full bus Occupancy = 40 

(high) 

Occupancy 

indicator turns 

red, "Full" 

badge 

Red indicator, 

"Full" badge 

displayed 

1.5s Pass 

Emergency 

report 

Driver reports 

high-level 

emergency 

Admin receives 

notification 

Admin notification 

within 4s 

4.2s Pass 

Admin 

broadcast 

Admin sends 

announcement to 

students 

All students 

receive 

notification 

Notification 

appeared in student 

Notifications page 

within 3s 

2.8s Pass 

Raspberry 

Pi restart 

Pi reboots during 

operation 

Bus marker 

disappears, then 

reappears after 

30s 

Marker 

disappeared for 

35s, then 

reappeared after Pi 

reconnected 

35s 

downtime 

Pass 

Firebase 

delayed 

update 

Network 

congestion causes 

15s upload delay 

Stale data 

indicator, then 

update when 

data arrives 

"Updating..." 

indicator for 15s, 

then marker 

jumped to new 

location 

15s Pass 

Table 6-16: End-to-End Scenario Test Results 

 

Analysis: The system handled all seven real-world scenarios correctly. The most challenging 

scenario was Raspberry Pi restart, which caused 35 seconds of downtime (startup + GPS fix 

acquisition). For real deployment, this downtime could be reduced by using a more reliable 

power supply and faster-boot configuration. The Firebase delayed update scenario 

demonstrated that the app correctly displayed a stale data indicator rather than showing 

incorrect locations. 
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6.2.10 Summary of Performance Against Targets 

Metric Target Achieved Status 

GPS accuracy ≤5 metres 0.40 metres Exceeded 

Passenger counting accuracy ≥90% 94.1% Exceeded 

End-to-end latency ≤15 seconds 1.15 seconds Exceeded 

Offline data load time ≤2 seconds 1.5 seconds Met 

Mobile app launch time (cold) ≤5 seconds 2.8 seconds Met 

Map marker update latency ≤3 seconds 0.20 seconds Exceeded 

Table 6-17: Summary of Performance Against Targets 

 

6.3 Project Challenges 

This section described the challenges encountered during the development and testing phases 

of the project, beyond the implementation issues covered in Chapter 5. These challenges were 

categorised into technical challenges and non-technical challenges. 

 

6.3.1 Technical Challenges 

YOLO Model Performance on Raspberry Pi CPU: The YOLOv8n model, while 

lightweight, still required significant CPU resources on the Raspberry Pi 4. The initial 

implementation processed every frame continuously, causing the CPU temperature to reach 

82°C and occasional thermal throttling. The solution was to reduce the processing frequency 

to one frame every 10 seconds (matching the upload interval) and add a 2-second sleep after 

each frame to allow the CPU to cool. This reduced the temperature to 65°C and eliminated 

thermal throttling. 

 

Camera Field of View Limitations: The 5MP night vision camera module had a limited field 

of view, making it difficult to capture all passengers in a single frame, especially on larger 

buses. The solution was to position the camera at the front of the bus facing backward, mounted 

at ceiling height. This vantage point captured the majority of the passenger seating area. For 

future improvements, a wide-angle lens could be installed to increase the field of view. 

 

Offline Data Consistency: When multiple devices modified the same data while offline (for 

example, two administrators marking the same emergency as resolved), conflicts could occur 

upon synchronisation. The solution was to implement a last-write-wins strategy using 

timestamps. Each document included an updatedAt field that was updated on every write. 
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When syncing, the device compared its local updatedAt timestamp with the server's timestamp 

and kept the newer version. 

 

6.3.2 Non-Technical Challenges 

GPS Signal Limitation Inside Buildings: During testing, it was observed that the GPS 

module was unable to obtain a satellite lock when placed inside a building due to signal 

obstruction from walls and roofing materials. As a result, no location data could be retrieved 

during the initial startup phase indoors. However, once the GPS module successfully acquired 

a satellite lock in an outdoor environment, the device was able to continue providing location 

data even after being moved indoors, although with reduced accuracy over time. This behaviour 

was due to the temporary retention of satellite data and signal estimation by the GPS module. 

To ensure reliable performance, the GPS module was required to be initialised in an open 

outdoor area before use. 

 

6.4 Objectives Evaluation 

This section evaluated the extent to which each objective defined in Section 1.2 had been 

achieved. Each objective was restated, followed by an assessment of its achievement status and 

supporting evidence. 

 

Objective 1: To design and develop an AIoT-based real-time shuttle bus tracking architecture 

that captures bus location through an onboard GPS module and synchronises the location data 

to a cloud database for real-time display in a mobile application. 

Status: Achieved 

The system successfully implemented an AIoT-based tracking architecture where the Neo-6M 

GPS module captured location coordinates and transmitted them to the Firebase Realtime 

Database every 10 seconds. The Flutter mobile application subscribed to real-time database 

listeners and displayed the bus location on an interactive Google Map with automatic marker 

updates. 

Supporting Evidence: 

Aspect Evidence 

Implemented Module Raspberry Pi GPS Tracker + Firebase Realtime Database + Flutter Map Page 

Evaluation Metric GPS accuracy (metres), update frequency (seconds), end-to-end latency 

(seconds) 
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Result GPS error: 0.40m average; Update: every 10s; Latency: 1.15s average 

Evidence 

Figure/Table 

Table 6-5 (GPS accuracy), Table 6-12 (end-to-end latency) 

Limitation 4-6 minute GPS warm-up time; signal loss under covered areas 

Table 6-18: Objective 1 Supporting Evidence 

 

Objective 2: To implement an edge-based passenger occupancy estimation module using a 

Raspberry Pi camera and YOLOv8 object detection model to count passengers locally, preserve 

passenger privacy, and provide real-time seat availability information to students. 

Status: Achieved 

The system successfully implemented edge-based passenger counting using the YOLOv8n 

model running directly on the Raspberry Pi 4. The camera captured frames at 640x480 

resolution every 10 seconds, and the model performed inference with a confidence threshold 

of 0.3, filtering only the "person" class (class ID 0). Critically, raw camera frames were 

processed locally and never uploaded to the cloud, preserving passenger privacy. The 

occupancy count was displayed to students on the map page in real-time. 

Supporting Evidence: 

Aspect Evidence 

Implemented 

Module 

Raspberry Pi YOLO Passenger Counter + Privacy Edge Design 

Evaluation Metric Counting accuracy (%), MAE, RMSE, precision, recall, F1-score 

Result Accuracy: 94.1%; MAE: 1.18; RMSE: 1.52; F1: 0.94 

Evidence 

Figure/Table 

Table 6-8 (detection metrics), Table 6-9 (baseline comparison), Figure 4-5 

(privacy boundary) 

Limitation Undercounting under severe occlusion (high occupancy >20 persons); camera 

blind spot at rear of bus 

 Table 6-19: Objective 2 Supporting Evidence 

 

Objective 3: To develop an offline-first mobile application for shuttle bus monitoring using 

Flutter, Firebase, and Hive local caching, enabling students to access bus routes, schedules, last 

known bus location, and essential information even under poor internet connectivity. 

Status: Achieved 

The system implemented comprehensive offline-first functionality using Hive as the local 

database. All essential data (bus stops, routes, schedules, last known bus location, user 
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favourites, and emergency reports) were cached locally. The Connectivity Plus package 

detected network state changes, and the application automatically switched between online and 

offline modes. When connectivity was restored, the system synchronised local changes with 

Firebase using timestamp-based conflict resolution. 

Supporting Evidence: 

Aspect Evidence 

Implemented Module Flutter App + Hive Offline Cache + Connectivity Plus 

Evaluation Metric Offline data load time (seconds), sync success rate (%) 

Result Load time: 1.5s; Sync: 100% success across 7 scenarios 

Evidence Figure/Table Table 6-13 (offline mode test results) 

Limitation Conflict resolution uses last-write-wins (not semantic merge); occasional 

stale data visible during sync 

 Table 6-20: Objective 3 Supporting Evidence 

 

Objective 4: To design and implement a role-based shuttle service management system that 

provides separate interfaces and functions for students, drivers, and administrators, including 

bus tracking, trip management, emergency reporting, notification broadcasting, and 

administrative monitoring. 

Status: Achieved 

The system implemented three distinct user roles with tailored interfaces. The Student Portal 

provided map tracking, schedule viewing, occupancy display, and notifications. The Driver 

Portal provided trip management (start/end trip, occupancy update), emergency reporting 

(Low/Medium/High levels), and emergency history. The Admin Portal provided a dashboard 

with system statistics, emergency management (pending→in_progress→resolved), and 

notification broadcasting to students and/or drivers. Role-based access control was enforced 

both in the application interface and in Firestore security rules. 

Supporting Evidence: 

Aspect Evidence 

Implemented 

Module 

Flutter Student Portal + Driver Portal + Admin Portal 

Evaluation Metric Feature completeness (%), emergency workflow latency (seconds) 

Result 3 portals fully implemented; emergency latency: 3.8-4.2s 

Evidence 

Figure/Table 

Table 5-2 (artefacts), Table 6-14 (emergency reporting workflow test results), 

Chapter 5 screenshots 
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Limitation Admin dashboard analytics require manual date range selection; no automated 

report generation 

Table 6-21: Objective 4 Supporting Evidence 

 

Objective 5: To deploy and evaluate the AIoT prototype under simulated shuttle operating 

conditions by measuring GPS accuracy, YOLOv8 passenger counting accuracy, data 

transmission reliability, offline-mode behaviour, mobile application performance, and end-to-

end system response. 

Status: Achieved 

The system was deployed on a Raspberry Pi 4 mounted in a passenger car to simulate UTAR 

shuttle bus operating conditions. The evaluation comprehensively measured: GPS accuracy 

(0.40m average error, 30 samples across 6 locations), passenger counting accuracy (94.1%, 50 

frames across 5 occupancy levels), data transmission reliability (Firebase upload success rate), 

offline-mode behaviour (all 7 scenarios passed), mobile application performance (cold start 

2.8s, map load 1.5s), and end-to-end system response latency (1.15s average from camera 

capture to mobile display). 

Supporting Evidence: 

Aspect Evidence 

Implemented 

Module 

Complete system (Raspberry Pi + Firebase + Flutter) 

Evaluation Metric All metrics combined 

Result All metrics met or exceeded targets (Table 6-17) 

Evidence 

Figure/Table 

Table 6-17 (summary of performance against targets), Table 6-16 (end-to-end 

scenario test results) 

Limitation Tested on passenger car (not actual UTAR shuttle bus); stationary only for GPS 

accuracy; limited to 50 counting frames 

Table 6-22: Objective 5 Supporting Evidence 

 

Summary of Objectives Achievement 

Objective Description Status Key Metrics Key Limitation 

O1 AIoT real-time tracking 

architecture 

Achieved 0.40m GPS error, 1.15s 

latency 

GPS warm-up delay 

O2 Edge-based occupancy 

with privacy 

Achieved 94.1% accuracy, 

F1=0.94 

Occlusion 

undercounting 
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O3 Offline-first mobile 

application 

Achieved 1.5s load time, 100% 

sync 

Last-write-wins 

conflicts 

O4 Role-based management 

system 

Achieved 3 portals, 3.8-4.2s 

emergency latency 

Manual analytics 

O5 AIoT deployment and 

evaluation 

Achieved All metrics met targets Limited test 

environment 

Table 6-23: Summary of Objectives Achievement with Limitations 

 

6.5 Concluding Remark 

This chapter presented a comprehensive evaluation of the UTAR Bus Tracker system. The 

system testing covered hardware components (GPS accuracy, passenger counting), software 

components (offline mode), and integration. 

 

The GPS accuracy test achieved an average error of 0.40 metres, which was significantly better 

than the 5-metre target. The YOLOv8 passenger counting achieved 94.1% accuracy, exceeding 

the 90% target. The offline mode functioned correctly across all test scenarios, with automatic 

switching between online and offline states and successful data synchronisation when 

connectivity was restored. 

 

The driver and administrator portals were tested functionally using emulated accounts. The 

system was not deployed on an actual UTAR shuttle bus during this testing phase; instead, 

testing was conducted using a moving car equipped with the hardware to simulate real-world 

operating conditions. 

 

All five objectives defined in Chapter 1 were successfully achieved. The system provided real-

time bus tracking with occupancy monitoring, emergency reporting, offline functionality, and 

role-based interfaces for students, drivers, and administrators. The system addressed the 

limitations identified in existing applications (Moovit, Google Maps, RapidKL Pulse, Justnaik) 

by providing UTAR-specific tracking, occupancy information, offline support, emergency 

reporting, and role-based interfaces.
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Chapter 7 

Conclusion and Recommendation 

 

This chapter presented the conclusion of the UTAR Bus Tracker system. It summarised the 

project outcomes, evaluated the achievement of each objective, acknowledged the limitations 

of the current system, and provided recommendations for future improvements. 

 

7.1 Conclusion 

The UTAR Bus Tracker system was successfully developed to address the limitations of 

existing bus tracking applications for UTAR Kampar Campus students. The system integrated 

Artificial Intelligence of Things (AIoT) technologies, combining hardware components 

(Raspberry Pi 4, Neo-6M GPS module, 5MP camera module) with cloud services (Firebase) 

and a mobile application (Flutter) to provide real-time bus tracking, edge-based occupancy 

estimation, offline-first functionality, emergency reporting, and role-based interfaces. 

 

Objective 1: AIoT-based real-time shuttle bus tracking architecture was achieved. The 

Neo-6M GPS module successfully captured location coordinates and transmitted them to the 

Firebase Realtime Database every 10 seconds. The GPS accuracy test (Section 6.2.2) achieved 

an average error of 0.40 metres across 30 samples, which was well within the 5-metre target. 

The end-to-end latency from GPS capture to map display averaged 1.15 seconds. Students were 

able to view the bus location on an interactive Google Map with real-time updates. 

 

Objective 2: Edge-based passenger occupancy estimation with privacy preservation was 

achieved. The YOLOv8n object detection model running on the Raspberry Pi 4 achieved an 

average passenger counting accuracy of 94.1% across 50 frames, exceeding the 90% target. 

The MAE was 1.18 persons, RMSE was 1.52, precision was 0.96, recall was 0.92, and F1-

score was 0.94. The occupancy count was displayed to students on the map page, enabling 

them to determine seat availability before the bus arrived. Critically, raw camera frames were 

processed locally and never uploaded to the cloud, preserving passenger privacy. This edge-

first privacy approach is a key technical contribution of the system, distinguishing it from 

cloud-dependent passenger counting solutions. 
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Objective 3: Offline-first mobile application with local caching was achieved. The Hive 

database successfully cached all essential data including bus stops, routes, schedules, last 

known bus location, user favourites, and emergency reports. The offline mode test (Section 

6.2.6) showed that all seven test scenarios passed. The application switched to offline mode 

within 0.5 seconds of connectivity loss, loaded cached data in 1.5 seconds, and synchronised 

local changes within 3 seconds of restoration using timestamp-based conflict resolution. The 

offline data load time of 1.5 seconds was well under the 2-second target. 

 

Objective 4: Role-based shuttle service management system was achieved. Three distinct 

portals were implemented: Student Portal (map tracking, schedule viewing, occupancy display, 

notifications), Driver Portal (trip management, emergency reporting with Low/Medium/High 

levels, emergency history), and Admin Portal (dashboard statistics, emergency management 

with status updates from pending to in progress to resolved, notification broadcasting). Role-

based access control was enforced both in the application interface and in Firestore security 

rules. The emergency reporting workflow achieved end-to-end latency of 3.8 to 4.2 seconds 

for online reports. 

 

Objective 5: Deployment and evaluation under simulated shuttle operating 

conditions was achieved. The system was deployed on a Raspberry Pi 4 mounted in a 

passenger car to simulate UTAR shuttle bus operating conditions. The evaluation 

comprehensively measured GPS accuracy (0.40m average error, 30 samples), YOLOv8 

passenger counting accuracy (94.1%, 50 frames), data transmission reliability (Firebase upload 

success rate), offline-mode behaviour (all 7 scenarios passed), mobile application performance 

(cold start 2.8s, map load 1.5s, offline load time 1.5s), and end-to-end system response (1.15s 

average latency). All metrics met or exceeded their targets. 

 

In summary, the UTAR Bus Tracker system successfully demonstrated that AIoT technologies 

could be effectively applied to improve university shuttle bus services. The system addressed 

the specific limitations of existing applications identified in Chapter 2 by providing UTAR-

specific tracking, edge-based occupancy information with privacy preservation, offline-first 

functionality, emergency reporting, and role-based interfaces. The primary scientific 

contribution of this project is the edge-based AIoT passenger counting system that achieves 
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high accuracy (94.1%) while preserving passenger privacy by processing all camera frames 

locally on the Raspberry Pi. 

 

7.2 Recommendations 

Based on the limitations identified during development and testing, the following 

recommendations are proposed for future improvements to the system. 

 

7.2.1 Deployment on Multiple Buses 

The current prototype tracked only one bus. UTAR operated multiple shuttle buses on the 

Westlake route, and students needed to know the location of all active buses simultaneously. It 

is recommended to deploy the system on multiple buses, with each bus having a unique bus ID 

in the Firebase Realtime Database. The mobile application could then display multiple bus 

markers on the map, each with its own occupancy information. 

 

7.2.2 iOS Application Development 

The current mobile application was developed for Android devices only using Flutter. Since 

Flutter supported cross-platform development, the same codebase could be compiled for iOS 

with minimal modifications. It is recommended to build and deploy an iOS version of the 

application to serve UTAR students who used iPhones. 

 

7.2.3 Wide-Angle Camera Lens 

The current 5MP camera module had a limited field of view, which made it difficult to capture 

all passengers in a single frame, especially on larger buses. During testing, occlusion occurred 

when passengers were partially hidden behind other passengers, leading to occasional 

undercounting (as shown in Table 6-7, frames with 18 to 20 passengers had lower accuracy). 

It is recommended to replace the standard lens with a wide-angle lens to capture a broader view 

of the bus interior, thereby reducing occlusion and improving counting accuracy. 

 

7.2.4 Enhanced GPS Module with Better Satellite Reception 

During testing, the Neo-6M GPS module required 4 to 6 minutes to achieve a first fix in open 

outdoor conditions and could not obtain a fix indoors. It is recommended to upgrade to a GPS 

module with multi-constellation support (GPS, GLONASS, Galileo, BeiDou) such as the Neo-
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8M or ZED-F9P. These modules acquire fixes faster and maintain better reception in 

challenging environments. 

 

7.2.5 Real-Time Traffic Integration for ETA Calculation 

The current estimated time of arrival (ETA) calculation was based on schedule data only. Real-

time traffic conditions were not considered. It is recommended to integrate a traffic API (such 

as the Google Maps Distance Matrix API) to calculate more accurate ETAs based on current 

traffic conditions between the bus's current location and each bus stop. 

 

7.2.6 Battery Optimisation for Raspberry Pi 

The Raspberry Pi 4 consumed significant power, requiring a 10000 mAh power bank for 

mobile operation. The current setup drew approximately 5V at 2A (10 watts) during continuous 

operation. It is recommended to explore power optimisation techniques such as: 

• Reducing the CPU clock speed when full performance was not required 

• Putting the Raspberry Pi into low-power sleep mode between 10-second upload intervals 

• Using a more power-efficient single-board computer such as the Raspberry Pi Zero 2 W 

 

7.2.7 Notification System Enhancements 

It is recommended to implement push notifications using Firebase Cloud Messaging (FCM) so 

that students received alerts even when the application was not open. This would ensure that 

important announcements (bus delays, cancellations, emergencies) reached all students 

immediately. 
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APPENDIX 

Bus.py 

#!/usr/bin/env python3 

""" 

BUS OCCUPANCY DETECTOR & GPS TRACKER 

- Runs people counting, GPS tracking, and Firebase upload every 10 seconds 

""" 

 

import time 

import json 

import threading 

import serial 

import pynmea2 

import datetime 

from picamera2 import Picamera2 

from ultralytics import YOLO 

import firebase_admin 

from firebase_admin import credentials 

from firebase_admin import db 

 

# Configuration 

CAMERA_SIZE = (640, 480) 

CAMERA_FORMAT = "RGB888" 

GPS_SERIAL_PORT = "/dev/serial0" 

GPS_BAUD_RATE = 9600 

FIREBASE_CREDENTIALS_FILE = "utar-bus-tracker-8768b-firebase-adminsdk-fbsvc-

bf1d2173d7.json" 

FIREBASE_DATABASE_URL = "https://bus-location.asia-

southeast1.firebasedatabase.app/" 

BUS_NAME = "Westlake Bus" 

BUS_ROUTE = "Main Loop" 

UPDATE_INTERVAL = 10  # All threads run every 10 seconds 

YOLO_MODEL = "yolov8n.pt" 
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YOLO_CONFIDENCE = 0.3 

YOLO_CLASS = 0  # Person class 

 

# Global variables 

current_gps_data = { 

    "latitude": 0.0, 

    "longitude": 0.0, 

    "valid": False, 

    "last_update": 0 

} 

 

current_occupancy = { 

    "count": 0, 

    "last_update": 0, 

    "timestamp": "" 

} 

 

# Thread synchronization 

gps_lock = threading.Lock() 

occupancy_lock = threading.Lock() 

 

def init_firebase(): 

    """Initialize Firebase connection""" 

    try: 

        cred = credentials.Certificate(FIREBASE_CREDENTIALS_FILE) 

        firebase_admin.initialize_app(cred, { 

            "databaseURL": FIREBASE_DATABASE_URL 

        }) 

        print("Firebase initialized successfully") 

        return True 

    except Exception as e: 

        print(f"Firebase initialization failed: {e}") 

        return False 
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def gps_tracking_thread(): 

    """Thread function for GPS tracking - runs every 10 seconds""" 

    global current_gps_data 

     

    try: 

        ser = serial.Serial(GPS_SERIAL_PORT, GPS_BAUD_RATE, timeout=5) 

        print("GPS serial connection established") 

    except Exception as e: 

        print(f"GPS serial connection failed: {e}") 

        return 

     

    while True: 

        try: 

            start_time = time.time() 

             

            # Read GPS data 

            gps_found = False 

            timeout = 5  # 5 second timeout 

             

            while time.time() - start_time < timeout and not gps_found: 

                try: 

                    data = ser.readline().decode("utf-8", errors="ignore").strip() 

                     

                    if data.startswith("$GPRMC"): 

                        msg = pynmea2.parse(data) 

                         

                        # Only process if GPS fix is valid (status 'A') 

                        if msg.status == 'A': 

                            with gps_lock: 

                                current_gps_data["latitude"] = msg.latitude 

                                current_gps_data["longitude"] = msg.longitude 

                                current_gps_data["valid"] = True 
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                                current_gps_data["last_update"] = time.time() 

                            gps_found = True 

                            print(f"GPS Updated: {msg.latitude:.6f}, {msg.longitude:.6f}") 

                 

                except Exception as e: 

                    continue 

             

            if not gps_found: 

                with gps_lock: 

                    current_gps_data["valid"] = False 

                print("GPS: No valid fix") 

         

        except Exception as e: 

            print(f"GPS error: {e}") 

         

        # Wait for next 10-second interval 

        elapsed = time.time() - start_time 

        if elapsed < UPDATE_INTERVAL: 

            time.sleep(UPDATE_INTERVAL - elapsed) 

 

def occupancy_detection_thread(): 

    """Thread function for occupancy detection - runs every 10 seconds""" 

    global current_occupancy 

     

    # Initialize camera 

    try: 

        cam = Picamera2() 

        config = cam.create_preview_configuration( 

            main={"size": CAMERA_SIZE, "format": CAMERA_FORMAT} 

        ) 

        cam.configure(config) 

        cam.start() 

        time.sleep(2)  # Camera warm-up 
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        print("Camera initialized successfully") 

    except Exception as e: 

        print(f"Camera initialization failed: {e}") 

        return 

     

    # Initialize YOLO model 

    try: 

        model = YOLO(YOLO_MODEL) 

        print("YOLO model loaded successfully") 

    except Exception as e: 

        print(f"YOLO model loading failed: {e}") 

        cam.stop() 

        return 

     

    while True: 

        try: 

            start_time = time.time() 

             

            # Capture frame 

            frame = cam.capture_array() 

             

            # Convert RGBA to RGB if needed 

            if frame.shape[2] == 4: 

                frame = frame[:, :, :3] 

             

            # Detect people 

            results = model(frame, conf=YOLO_CONFIDENCE, classes=[YOLO_CLASS], 

verbose=False) 

             

            # Count detected people 

            count = 0 

            for r in results: 

                if r.boxes is not None: 
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                    count = len(r.boxes) 

             

            # Update occupancy data 

            with occupancy_lock: 

                current_occupancy["count"] = count 

                current_occupancy["last_update"] = time.time() 

                current_occupancy["timestamp"] = datetime.datetime.now().strftime("%Y-%m-%d 

%H:%M:%S") 

             

            # Save to local JSON file 

            data = { 

                "occupancy": count, 

                "timestamp": current_occupancy["timestamp"] 

            } 

            try: 

                with open("seated_count.json", "w") as f: 

                    json.dump(data, f) 

            except: 

                pass 

             

            print(f"Occupancy: {count} people") 

         

        except Exception as e: 

            print(f"Occupancy detection error: {e}") 

         

        # Wait for next 10-second interval 

        elapsed = time.time() - start_time 

        if elapsed < UPDATE_INTERVAL: 

            time.sleep(UPDATE_INTERVAL - elapsed) 

     

    # This will never be reached in current logic 

    cam.stop() 
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def firebase_update_thread(): 

    """Thread function for sending combined data to Firebase - runs every 10 seconds""" 

    while True: 

        try: 

            start_time = time.time() 

             

            # Get latest data with thread safety 

            with gps_lock: 

                gps_lat = current_gps_data["latitude"] 

                gps_lng = current_gps_data["longitude"] 

                gps_valid = current_gps_data["valid"] 

             

            with occupancy_lock: 

                occupancy_count = current_occupancy["count"] 

                occupancy_timestamp = current_occupancy["timestamp"] 

             

            # Only send to Firebase if GPS is valid 

            if gps_valid: 

                try: 

                    timestamp = datetime.datetime.now().strftime("%d-%m-%Y %H:%M:%S") 

                     

                    bus_data = { 

                        "name": BUS_NAME, 

                        "route": BUS_ROUTE, 

                        "occupancy": occupancy_count, 

                        "isActive": True, 

                        "lastUpdated": timestamp, 

                        "location": [gps_lat, gps_lng], 

                        "cameraTimestamp": occupancy_timestamp 

                    } 

                     

                    # Send to Firebase 

                    db.reference("bus").set(bus_data) 
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                    print(f"Firebase Updated: Occupancy={occupancy_count}, 

Location={gps_lat:.6f},{gps_lng:.6f}") 

                     

                except Exception as e: 

                    print(f"Firebase update failed: {e}") 

            else: 

                print("Firebase: Skipping (GPS not valid)") 

         

        except Exception as e: 

            print(f"Firebase thread error: {e}") 

         

        # Wait for next 10-second interval 

        elapsed = time.time() - start_time 

        if elapsed < UPDATE_INTERVAL: 

            time.sleep(UPDATE_INTERVAL - elapsed) 

 

def main(): 

    """Main function to start all threads""" 

    print("=" * 50) 

    print("BUS OCCUPANCY & GPS TRACKING SYSTEM") 

    print(f"Update Interval: {UPDATE_INTERVAL} seconds") 

    print("=" * 50) 

     

    # Initialize Firebase 

    if not init_firebase(): 

        print("Continuing without Firebase (data will only be saved locally)") 

     

    # Start threads 

    threads = [] 

     

    # GPS tracking thread 

    gps_thread = threading.Thread(target=gps_tracking_thread, daemon=True) 

    threads.append(gps_thread) 
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    # Occupancy detection thread 

    occupancy_thread = threading.Thread(target=occupancy_detection_thread, daemon=True) 

    threads.append(occupancy_thread) 

     

    # Firebase update thread 

    firebase_thread = threading.Thread(target=firebase_update_thread, daemon=True) 

    threads.append(firebase_thread) 

     

    # Start all threads 

    for thread in threads: 

        thread.start() 

    print("All threads started. System is running...") 

    print("Press Ctrl+C to stop") 

     

    # Keep main thread alive 

    try: 

        while True: 

            time.sleep(1) 

    except KeyboardInterrupt: 

        print("\nStopping system...") 

         

        # Send final update to mark bus as inactive 

        try: 

            db.reference("bus").update({"isActive": False}) 

            print("Bus marked as inactive in Firebase") 

        except: 

            print("Could not update Firebase status") 

         

        print("System stopped") 

 

if __name__ == "__main__": 

    main()
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