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Efficient transportation management is essential for colleges to
ensure student safety and punctuality. This paper presents a real-
time college bus tracking system integrating GPS, IoT, Firebase,
Google Maps API, and Al chatbot technology. The system includes

Keywords three user roles: Admin, Bus Driver, and Student. Admins monitor
. live bus locations, track maintenance schedules, and receive alerts
College Bus Tracking on bus conditions (fuel, temperature, vibration). Drivers update trip
GPS status and send emergency SOS alerts. Students receive real-time
Firebase bus arrival notifications, track live locations, access an Al-powered
Al Chatbot chatbot (Gemini Pro) for assistance, and view safety videos.
INTRODUCTION

Efficient and reliable transportation is essential for
colleges to ensure student safety, punctuality, and
better campus mobility. Traditional college bus
systems often lack real-time tracking, automated
alerts, and Al-powered assistance, leading to
delays, miscommunication, and inefficiencies. To
address these challenges, this project introduces a
smart college bus tracking system that integrates
GPS, 10T, Firebase, Google Maps AP], and Al chatbot
technology to provide real-time bus monitoring
and enhanced safety features.

The system is designed for three types of users:
Admin - Monitors live bus locations, receives
alerts on bus conditions (fuel levels, temperature,
vibration monitoring), and manages maintenance
schedules.

Bus Driver - Updates trip status, reports issues,
and sends emergency SOS alerts.

Student - Gets real-time bus arrival notifications
when the bus reaches the previous stop, tracks live
location, accesses an Al-powered chatbot (Gemini
Pro) for transport-related queries, and views
safety guidance videos.
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The hardware implementation includes an ESP32
microcontroller for processing, Ublox NEO-M8N
GPS module for accurate tracking, SIM808 GPS-
GSM module for continuous connectivity, and a
Battery Management System (BMS) with a
Lithium-ion backup for uninterrupted power. The
Firebase Realtime Database ensures instant
location updates, providing a seamless and scalable
solution for colleges.

This system enhances college transportation
efficiency, student safety, and fleet management by
automating bus tracking, notifications, and Al-
assisted support, ensuring a smarter and more
secure commuting experience.

LITERATURE SURVEY

Several studies and systems have been developed
to improve public transportation tracking and
student safety through GPS and IoT-based
solutions. Traditional bus tracking methods relied
on manual scheduling and SMS-based notifications,
which often resulted in delays and inefficiencies.
With advancements in GPS technology and cloud
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computing, many universities and institutions havec.

integrated real-time tracking systems to enhance
transportation reliability.

A study by Sharma (2020) proposed a [1] GPS-3.
bus tracking system thata.

GSM-based school
allowed parents to receive SMS alerts when the bus
reached designated stops. However, this approach

lacked real-time updates and required manualb.

configuration for notifications. Similarly, Patil et al.
(2021) introduced an RFID-based bus attendance

system, which ensured student presence but didc.

not provide live bus location tracking or predictive

arrival times. 4,
Recent advancements in IoT, Al, and cloud servicesa.

have led to the development of mobile applications

integrated with Firebase and Google Maps APIL. [2]b.

Studies have demonstrated that Firebase Realtime
Database enables low-latency tracking, making it

ideal for dynamic transportation systems. Al-c.

powered chatbots, such as those implemented
using Gemini Pro or GPT models, have also been
explored in student transport assistance, providing
instant responses to queries regarding bus
schedules, delays, and safety guidelines.

While existing research [3] has contributed to
tracking efficiency, most systems lack an Al-
powered chatbot for assistance, bus condition
monitoring, and automated maintenance
scheduling. This project aims to bridge these gaps
by developing a comprehensive real-time college
bus tracking system with Al-assisted support, SOS
alerts, and video safety features, ensuring
enhanced student security and administrative
control.

EXISTING SYSTEM

The current college bus tracking systems rely on
manual communication, SMS-based alerts, and
basic GPS tracking. In most institutions, students
and administrators face challenges due to lack of
real-time updates, inaccurate arrival notifications,
and limited communication between stakeholders.
The existing systems can be categorized into the
following types:

Manual Bus Tracking & Scheduling

Many colleges still depend on fixed schedules
without dynamic tracking.

Students are unaware of real-time
locations, leading to uncertainty and delays.

Administrators rely on driver calls or manual
reporting for updates, which can be unreliable.

Basic GPS-Based Tracking Systems

Some institutions have implemented GPS
modules for bus tracking.

These systems provide live location updates
but often lack features like predictive arrival
notifications, bus health monitoring, and Al-driven
assistance.

bus
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GPS updates are sometimes delayed due to
network connectivity issues and the absence of
cloud integration.

SMS & RFID-Based Systems

Some colleges use RFID (Radio Frequency
Identification) systems to mark student attendance
when boarding the bus.

SMS-based tracking sends notifications when
the bus reaches a stop, but it does not provide
continuous live tracking.

These systems do not support Al chatbots,
student assistance, or emergency SOS alerts.

Limited Admin & Driver Communication

The existing systems lack automated
maintenance alerts for bus servicing.

There is no integration of Al assistants to help
students with queries related to bus schedules,
safety, or delays.

Administrators have limited access to real-time
bus condition data such as fuel levels, temperature,
or engine health.

PROPOSED SYSTEM

The proposed Al-powered college bus tracking
system aims to revolutionize transportation
management in educational institutions by
integrating real-time GPS tracking, IoT-based bus
condition = monitoring, Al-powered chatbot
assistance, and cloud-based updates. The system is
designed to enhance efficiency, security, and
communication between students, drivers, and
administrators. Unlike traditional bus tracking
solutions that rely on static schedules or delayed
SMS notifications, this system leverages Google
Maps API, Firebase Real-time Database, and IoT
sensors to provide real-time insights into bus
location, maintenance needs, and emergency
alerts.

For students, the system offers a live bus tracking
feature that provides real-time location updates via
Google Maps APl Students receive arrival
notifications when their bus reaches the previous
stop, reducing uncertainty and wait times. The
system also includes an Al-powered chatbot
(Gemini Pro) that assists students with
transportation-related queries, such as bus
schedules, route changes, and safety guidelines.
Additionally, students have access to a safety and
security video module, which educates them on
emergency procedures and transportation safety.
In case of emergencies, the SOS feature enables
students to send an immediate distress alert, along
with their live location, to administrators and bus
drivers, ensuring a rapid response to critical
situations.

For bus drivers, the system provides a driver
dashboard that allows them to update their trip
status, send delay notifications, and report
emergencies. The SOS feature for drivers ensures
that they can seek immediate assistance in case of
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vehicle breakdowns, accidents, or unforeseen
incidents. The Al chatbot serves as a virtual
assistant, helping drivers with troubleshooting
common bus issues, route optimization, and
schedule management.

For administrators, the system acts as a
comprehensive  fleet management solution,
providing real-time bus tracking, automated

maintenance alerts, and IoT-based condition
monitoring. Administrators can monitor live bus
locations and receive updates on critical vehicle
parameters such as fuel level, engine vibration, and
temperature. The system integrates loT sensors
such as the DHT11/DHT22 temperature sensor,
fuel level sensors, and MPU6050 vibration sensors,
ensuring proactive bus maintenance and
preventing breakdowns. Additionally, the system
features a Battery Management System (BMS) with
a Lithium-ion backup, ensuring continuous
operation of GPS tracking and communication
devices even during power failures. The Al chatbot
also assists administrators by providing instant
access to reports, bus status updates, and
predictive maintenance schedules.

The backend of the system is powered by Firebase
Real-time Database, which enables instant location
updates and low-latency data communication. All
location data, emergency alerts, and bus health
statistics are stored in Firebase, allowing seamless
synchronization across student, driver, and admin
interfaces. Google Maps API is integrated into the
mobile application, ensuring accurate navigation
and real-time route tracking. The system also
incorporates the SIM808 GPS-GSM module, which
ensures uninterrupted GPS updates even in areas
with weak internet connectivity by switching to
GSM-based tracking.

The proposed system overcomes the limitations of
traditional bus tracking methods by ensuring real-
time updates, Al-powered student assistance,
proactive maintenance monitoring, and enhanced
security measures. It significantly improves
student safety, reduces waiting time, optimizes bus
operations, and enhances communication between
all stakeholders. By utilizing 10T, Al, and cloud-
based technologies, the system provides a scalable
and efficient solution for smart college
transportation management. This innovative
approach ensures that colleges can effectively
monitor their bus fleets, provide students with a
safer travel experience, and streamline the overall
transportation process. Formatting
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Student App connects to Firebase to
request live bus tracking, and Firebase
fetches data from the GPS module installed
on the bus.

Google Maps API is used to display the bus
location.

Students set arrival notifications, and
Firebase triggers alerts when the bus
reaches the previous stop.

The AI Chatbot (Gemini Pro) helps
students with bus-related queries.

Bus drivers update trip status, which is
sent to Firebase, and the admin is notified.
The SOS System ensures emergency alerts
reach both the admin and driver.

Admins monitor all buses through a
dashboard linked to Firebase.

CONCLUSION

The Al-powered real-time college bus tracking
system successfully integrates GPS, IoT sensors,
Firebase, Google Maps API, and Al chatbot (Gemini
Pro) to enhance transportation efficiency, student
safety, and administrative control. By providing
real-time bus location tracking, automated arrival
notifications, Al-driven assistance, and emergency
SOS alerts, the system ensures a smarter, safer, and
more reliable commuting experience for students.
The use of ESP32, Ublox NEO-M8N GPS module,
and IoT-based bus condition monitoring enables
proactive fleet management by administrators,
ensuring timely bus maintenance and reducing
unexpected breakdowns. Additionally, the Firebase
Realtime Database and Google Maps API facilitate
low-latency location updates and precise route
visualization for students and drivers. The
integration of Gemini Pro Al chatbot further
enhances user experience by assisting students
with transport-related queries and improving
overall communication.

This system overcomes the limitations of
traditional bus tracking methods, such as manual
updates, lack of real-time tracking, and inefficient
communication, by leveraging cloud-based
automation and Al-powered insights. It not only
optimizes college transport operations but also
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serves as a scalable model that can be expanded for
smart campus mobility solutions.
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