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Abstract: In the ever-evolving landscape of education and technology, ensuring the safety and efficient 

management of school transportation has become a paramount concern. This project presents an innovative 

solution, an IoT-based Smart School Bus and Student Tracking System, leveraging the power of ESP32 

microcontroller, GPS module, RFID reader, RTC module, LCD display, and Google Sheets integration. The 

proposed system aims to enhance the safety and accountability of students during their transportation to and 

from school by providing real-time monitoring and tracking capabilities. The ESP32 microcontroller serves as 

the central processing unit, orchestrating communication and data exchange between the various components of 

the system. The GPS module enables accurate and continuous tracking of the school bus's location, allowing 

parents, school administrators, and relevant authorities to monitor its real-time position. Additionally, the system 

utilizes RFID technology to uniquely identify and track students as they board and disembark the bus. Each 

student is assigned a RFID card that communicates with the RFID reader, providing a seamless and automated 

attendance tracking mechanism. To ensure reliable timekeeping, a Real-Time Clock (RTC) module is 

incorporated, synchronizing the system time and enabling precise logging of events. The system also includes an 

LCD display, which serves as a local interface, providing real-time information such as bus location, current 

time, and any relevant announcements. Furthermore, the integration with Google Sheets facilitates the creation 

of a centralized database for storing and analysing student and bus data. The system automatically updates 

Google Sheets with information such as student attendance, bus location, and timestamps, providing a 

comprehensive and accessible record for school administrators and parents. The proposed Smart School Bus and 

Student Tracking System offer benefits such as improved safety, enhanced efficiency in attendance tracking, and 

streamlined communication between school authorities and parents. The use of modern IoT technologies ensures 

a scalable and adaptable solution that can be customized to suit the specific needs of different educational 

institutions. This system represents a step forward in leveraging technology to create a safer and more efficient 

school transportation environment. 
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1. Introduction 

 

In recent years, the integration of Internet of Things (IoT) technologies has revolutionized various aspects of 

daily life, and the education sector is no exception. Ensuring the safety and efficient management of student 

transportation is a paramount concern for educational institutions. To address this challenge, we propose an 

innovative IoT-based Smart School Bus and Student Tracking System that leverages cutting-edge technologies 

such as the ESP32 microcontroller, GPS module, RFID reader, RTC module, LCD display, and seamless 

integration with Google Sheets. The primary objective of this system is to provide real-time monitoring of both 

school bus location and student attendance, offering a comprehensive solution to enhance safety, streamline 

operations, and facilitate communication between school authorities, parents, and students. The utilization of the 
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ESP32 microcontroller as the central processing unit ensures efficient communication and coordination among 

the various components of the system. 

The GPS module serves as a critical component for accurate and real-time tracking of the school bus, allowing 

school administrators and parents to monitor the bus's location in real-time. The RFID reader is employed for 

student identification and attendance management, automating the boarding and disembarking processes and 

ensuring a secure and efficient workflow. 

To maintain synchronization and accuracy in the collected data, a Real-Time Clock (RTC) module is integrated, 

providing precise timekeeping for the system. An LCD display is implemented on the school bus to provide 

real-time information such as the current location, time, and student attendance status, fostering transparency 

and communication within the bus. 

Furthermore, the system adopts cloud-based technology through Google Sheets integration. This feature enables 

the seamless logging and monitoring of student attendance records and bus location data. Authorized personnel 

can access this information in real-time, facilitating efficient decision-making and comprehensive analysis of the 

school bus operation. 

This paper explores the architecture, components, and functionalities of the proposed Smart School Bus and 

Student Tracking System. By embracing IoT technologies, the system aims to enhance safety measures, 

optimize transportation logistics, and strengthen communication channels in the dynamic environment of 

student transportation. 

 

1.1 Problem Statement: 

Student transportation is a critical aspect of educational institutions, and ensuring the safety and efficient 

management of school bus fleets can be a challenging task. Traditional methods of tracking school buses and 

monitoring student attendance often lack real-time capabilities, leading to concerns about student safety and 

operational inefficiencies. The absence of a comprehensive system for tracking school buses and students can 

result in: 

 

1. Safety Concerns: 

• Lack of real-time tracking makes it difficult for parents and school authorities to know the exact location of 

school buses, raising concerns about student safety during transit. 

• Manual attendance processes may lead to errors or delays, compromising the safety of students on board. 

 

2. Operational Inefficiencies: 

• Inefficient and time-consuming manual processes for taking attendance and managing student boarding and 

disembarking contribute to operational delays. 

• Limited communication channels between the school, parents, and students can result in miscommunication 

and challenges in coordinating transportation logistics. 

 

3. Data Accuracy and Accessibility: 

• Absence of a centralized system for tracking bus locations and student attendance can lead to data 

inaccuracies and difficulties in maintaining accurate records. 

• Lack of a real-time monitoring system hinders the ability to quickly respond to emergencies or unexpected 

events during transit. 

 

4. Communication Gaps:                          

• Insufficient communication tools on school buses limit the dissemination of important information to 

students, such as current location, time, and emergency notifications. 

• Inadequate channels for parents and school authorities to communicate with each other in real-time regarding 

the whereabouts of the school bus and the status of students on board. 

 

In light of these challenges, there is a pressing need for an integrated IoT-based Smart School Bus and Student 

Tracking System that utilizes technologies such as ESP32, GPS, RFID, RTC, LCD display, and Google Sheets 

to address the identified issues. This system aims to provide real-time tracking of school buses, automate student 

attendance management, improve communication between stakeholders, and ensure data accuracy through 

cloud-based integration. The proposed solution seeks to enhance the safety, efficiency, and overall effectiveness 

of student transportation in educational institutions. 
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Objectives 

1. Real-Time Location Tracking: 

• Utilize GPS technology to provide accurate real-time tracking of the school bus's location. 

• Enable parents and school authorities to monitor the bus's position and expected arrival times. 

 

2. Automated Student Attendance Management: 

• Implement RFID technology for secure and automated student identification and attendance tracking. 

• Streamline boarding and disembarking processes, ensuring accurate attendance records. 

 

3. On-Board Information Display: 

• Integrate an LCD display to provide on-board information, including current location, time, and student 

attendance status. 

• Enhance communication within the bus and keep students informed about their journey. 

 

4. Real-Time Clock Synchronization: 

• Incorporate a Real-Time Clock (RTC) module to maintain accurate timekeeping on the system. 

• Ensure synchronization of data with real-world events, enhancing the reliability of time-sensitive 

information. 

 

5. Cloud-Based Data Logging and Monitoring: 

• Integrate Google Sheets for cloud-based storage of student and bus data. 

• Enable authorized personnel to monitor and analyze real-time and historical data for efficient decision-

making. 

 

6. Enhanced Safety Measures: 

• Provide an immediate alert system for parents and school authorities in case of emergencies or deviations 

from the planned route. 

• Enhance the overall safety of students during transportation. 

 

7. User-Friendly Interface: 

• Develop a user-friendly interface for parents, students, and school administrators to access relevant 

information easily. 

• Ensure seamless communication channels between stakeholders. 

 

8. Scalability and Adaptability: 

• Design the system to be scalable, allowing for easy expansion to accommodate a growing number of buses 

and students. 

• Ensure adaptability to the specific requirements of different educational institutions. 

 

9. Cost-Effective and Sustainable Solution: 

• Strive for a cost-effective implementation that maximizes the benefits of IoT technologies. 

• Consider sustainable practices in terms of energy efficiency and environmental impact. 

 

10. Compliance with Regulations: 

• Ensure compliance with relevant regulations and standards governing student transportation. 

• Guarantee data privacy and security measures are in place to protect sensitive information. 

 

Scope 

1.  Real-Time Location Tracking: 

• Utilize GPS technology to provide accurate real-time tracking of the school bus's location. 

• Enable parents and school authorities to monitor the bus's position and expected arrival times. 

 

2 Automated Student Attendance Management: 

• Implement RFID technology for secure and automated student identification and attendance tracking. 

• Streamline boarding and disembarking processes, ensuring accurate attendance records. 
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3 On-Board Information Display: 

• Integrate an LCD display to provide on-board information, including current location, time, and student 

attendance status. 

• Enhance communication within the bus and keep students informed about their journey. 

 

4 . Real-Time Clock Synchronization: 

• Incorporate a Real-Time Clock (RTC) module to maintain accurate timekeeping on the system. 

• Ensure synchronization of data with real-world events, enhancing the reliability of time-sensitive 

information. 

 

5 Cloud-Based Data Logging and Monitoring: 

• Integrate Google Sheets for cloud-based storage of student and bus data. 

• Enable authorized personnel to monitor and analyze real-time and historical data for efficient decision-

making. 

 

6 Enhanced Safety Measures: 

• Provide an immediate alert system for parents and school authorities in case of emergencies or deviations 

from the planned route. 

• Enhance the overall safety of students during transportation. 

 

7 User-Friendly Interface: 

• Develop a user-friendly interface for parents, students, and school administrators to access relevant 

information easily. 

• Ensure seamless communication channels between stakeholders. 

 

2. Literature Survey 

 

Raja et al. developed a RFID-based system to track children in buses, but the system's information could not 

provide information on dangerous situations. They combined RFID and GPS technology to identify students and 

alert parents via SMS, but the system's automatic notifications may be challenging due to the increasing number 

of notifications. 

The study presents a system that provides real-time information about bus numbers, route details, and location 

using GPS attached to the bus. The system uses UNO for programming and can be accessed through an Android 

application. However, it is only suitable for children who can use the generated information. 

Emad et al. proposed an IoT-based school bus tracking system, which uses modules like On-Board Diagnosis-II, 

RFID, DHT22, and a smartphone as a mobile hotspot. The system uses a publish/subscribe mechanism, which 

requires parents to subscribe for access, which may be a limitation for some parents and not user-friendly. 

Jisha et al. developed a school bus monitoring system using RFID/GPS/GSM and GPRS technologies to track 

students and predict arrival times. Parents can monitor the bus route through an Android application, but the 

system did not consider student safety between the bus and home. 

Raj and Sankar proposed a system that provides real-time information about vehicle parameters like location, 

route, speed, passenger list, and driver adherence. The system uses RFID and GPS technologies and an 

ESP8266 microcontroller to connect to a remote server over Wi-Fi. Parents can be notified when their ward 

alights or boards the bus. 

Zhenhua et al. developed a multimodal representation learning-based model (MRLM) using global and 

multimodal feature representation learning. The model improved recommendation effectiveness in IoT by 

calculating users' preferences through cosine similarity, as demonstrated in real-world dataset experiments. 

Son N. et al. have developed Device Profile for Web Simulation (DPWSim), a toolkit for developing service-

oriented IoT applications on secure devices. It enables developers to prototype, develop, and test applications 

without physical devices, and facilitates collaboration among manufacturers, developers, and designers during 

product development. 
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3.   Methodology 

3.1 Block diagram 

Fig 1. Block diagram of system 

 

Working 

The IoT-based Smart School Bus and Student Tracking System utilizes a combination of hardware components 

and software integration to provide a comprehensive solution for monitoring the school bus and tracking student 

activities. Here's a breakdown of how the system works: 

 

1.  ESP32 Microcontroller: 

• The ESP32 serves as the central processing unit and controls the overall functionality of the system. 

• It manages the communication between different components, processes data, and controls the flow of 

information. 

 

2.  GPS Module: 

• The GPS module is connected to the ESP32 to continuously track the real-time location of the school bus. 

• The GPS data includes latitude and longitude coordinates, providing accurate location information. 

 

3.  RFID Reader: 

• RFID cards/tags are assigned to each student, and the RFID reader is installed near the entrance of the 

school bus. 

• As students board or disembark, they scan their RFID cards, and the reader records the unique ID 

associated with each student. 

 

4. RTC Module: 

• The Real-Time Clock (RTC) module ensures accurate timekeeping within the system. 

• It synchronizes the time data to maintain consistency between various events and recorded data. 

 

5. LCD Display: 

• An LCD display is integrated into the school bus to provide real-time information. 

• The display shows details such as the current location of the bus, time, and student attendance status. 

 

6. Google Sheets Integration: 

• The ESP32 is programmed to send data to Google Sheets in real-time. 

• Student attendance records, GPS coordinates, and other relevant information are logged into a Google 

Sheets document. 

 

7. Working Process: 

• The system starts when the school bus is in operation. 

• The GPS module continuously updates the bus's location, sending this data to the ESP32. 
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• As students board or leave the bus, they scan their RFID cards, and the RFID reader records the 

corresponding information. 

• The ESP32 processes this information, updates the LCD display with the current status, and logs the data 

into Google Sheets. 

• Authorized personnel can access the Google Sheets document to monitor student attendance and the real-

time location of the school bus. 

 

8. Alerts and Notifications: 

• The system can be enhanced with features such as alerts for parents when their child boards or disembarks. 

• Alerts can also be triggered for school authorities if there are deviations from the planned route or delays. 

 

3.3 Delopeevment 

 
Fig 2.Developement diagram of Project 

 

4.    Conclusion 

 

In conclusion, the IoT-based Smart School Bus and Student Tracking System presented in this project harnesses 

the capabilities of ESP32, GPS, RFID reader, RTC module, LCD display, and Google Sheets integration to 

create a comprehensive and efficient solution for enhancing student transportation and safety. This system not 

only addresses the traditional challenges associated with school bus operations but also leverages modern 

technologies to provide real-time monitoring and data management.  

 

Future Scope 

1. Harnessing the Power of Data: 

• Data-Driven Decision Making: The system's ability to collect and analyze student attendance, bus 

location, and usage patterns empowers schools to make informed decisions regarding route 

optimization, resource allocation, and safety measures. This data-driven approach can lead to reduced 

transportation costs, enhanced efficiency, and improved student experiences. 

 

2.  Creating a Connected Ecosystem: 

• Integration with School Management Systems: The integration of the tracking system with existing school 

management software can streamline attendance records, automate parent notifications, and provide a 

comprehensive view of student transportation within the broader context of school operations. This 

integration fosters a cohesive and efficient information flow. 

• Incorporating Artificial Intelligence: The integration of AI algorithms can further enhance the system's 

capabilities by: 

• Predicting delays or potential route disruptions based on traffic patterns and historical data. 

• Identifying anomalies in student behavior or bus operations, signaling potential safety concerns or 

operational issues. 

• Personalizing communication and notifications to parents based on individual preferences and needs. 
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