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Abstract: The Smart School Bell with Timetable Display is an automated system designed to modernize
the traditional school bell mechanism and improve the overall management of academic schedules. In
most educational institutions, bell systems are still operated manually or use simple timers that do not
provide any visual information about the ongoing or upcoming periods. This often leads to human
errors, delayed bells, confusion during schedule changes, and increased workload for administrative
staff. The proposed system aims to overcome these limitations by introducing an intelligent,
programmable, and reliable bell system integrated with a real-time timetable display.

One of the major advantages of the Smart School Bell with Timetable Display is the elimination of
manual intervention. This reduces the possibility of missed bells and ensures uniformity and punctuality
across all classes. It also helps administrators save time and effort that would otherwise be spent
managing bell schedules manually.

Moreover, the display provides clear and continuous information to students and teachers, improving
communication and time awareness within the campus The system can be further extended to include
advanced features such as holiday scheduling, emergency alert messages, special announcements, and
wireless timetable updates. With minor enhancements, it can also be integrated into a larger smart
campus or Internet of Things based environment for centralized monitoring and control.
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L. INTRODUCTION
The Smart Digital School Bell with Timetable Display is an automated system designed to ring the bell according to a
predefined digital timetable and display real-time class information such as period number, subject, and timing on a
display unit. The system uses a microcontroller and a real-time clock to ensure accurate timekeeping and automatic
operation. This project helps reduce manual work.
The system works by storing the complete daily timetable and triggering the bell at the exact scheduled time without
human intervention. At the same time, the display shows useful information such as period number, subject, and break
time, helping students and teachers to easily track the schedule. This improves punctuality, discipline, and overall
classroom management in the school environment.
The Smart Digital School Bell with Timetable Display is a low-cost, reliable, and easy-to-use solution suitable for
schools and educational institutions. It also demonstrates the practical use of embedded systems and automation
technology to solve real-world problems and enhance the efficiency of academic operations.
The system also supports better communication within the school campus by clearly showing the active period and
upcoming sessions on the display.
Students become more aware of their class timings and breaks, which helps in reducing late entry and unnecessary
movement in corridors. By providing accurate and real-time information, the system helps create a more disciplined
and well-managed academic environment.
In addition, this project promotes the use of modern automation and digital technology in educational institutions. It can
be further expanded in the future to include announcements, event notifications, and emergency alerts on the display.
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Therefore, the Smart Digital School Bell with Timetable Display not only solves present scheduling problems but also
offers a scalable and future-ready solution for smart schools.

II. LITERATURE SURVEY
A number of researchers have explored automation in educational environments to improve efficiency and accuracy of
routine tasks. Traditional school bell systems have long relied on manual operation or fixed mechanical timers, which
are prone to errors and lack flexibility. In their study on automated educational systems, Singh et al. highlighted the
limitations of conventional bell systems in maintaining consistent schedules and emphasized the need for digital
solutions that minimize human intervention. This has laid the foundation for advancements in time-based automation
within institutional settings.
Advances in microcontroller-based solutions have significantly influenced timetable- controlled devices. Studies by
Kumar and Mehta illustrate how microcontrollers like Arduino and PIC can be programmed to execute precise time-
dependent actions. Their work demonstrates that integrating real-time clocks (RTC) with microcontroller units enables
highly accurate timing mechanisms, a crucial component for any automated bell system. These designs also underline
the importance of low-cost and modular components in educational technology projects.
Research in human—machine interaction has shown that visual displays improve comprehension and reduce confusion
in routine activities. According to a study by Patel and Desai, digital displays in classrooms enhance students’
awareness of schedules, especially when integrated with dynamic content such as current periods and upcoming
notifications. This research supports the inclusion of a timetable display in the smart school bell system, rather than
limiting the output to audible alerts alone.
Many literature sources discuss the role of software interfaces for schedule management. Web-based and mobile
applications for timetable updates have been proposed by researchers like Liu and Banerjee, allowing administrators to
adjust schedules remotely without physically accessing hardware. This layer of software integration can be crucial for
schools that require frequent timetable changes, such as during exams or assembly sessions, enhancing the adaptability
of systems like the smart school bell.

III. PLATFORM TECHNOLOGY USED

The Smart Digital School Bell with Timetable Display is developed using an embedded hardware platform in which a
microcontroller acts as the main control unit of the system. It continuously reads the current time, compares it with the
stored timetable and automatically activates the bell while updating the display. A Real Time Clock (RTC) technology
is used to maintain accurate time even during power failure, ensuring that the bell rings at the correct scheduled
moments without manual intervention. For user interaction, a digital display platform such as an LCD or OLED is used
to show the current period, upcoming period and break timings clearly for students and teachers.

The system operates on an embedded software or firmware platform developed using Embedded C or Arduino-based
programming. This software controls all functions such as timetable storage, time matching, bell triggering and display
updates. A regulated power supply platform is used to provide safe and stable DC power to the controller, display and
other modules. In addition, interface and driver technology such as relay or transistor driver circuits is used to safely
operate the electric bell or buzzer from the low-power output of the microcontroller, making the overall system reliable,
automatic and suitable for continuous school operation.

IV. PROBLEM STATEMENT
In many schools, the bell system and daily timetable management are still handled manually or through basic timer-
based devices. This often leads to problems such as inaccurate ringing time, human errors, lack of synchronization
between classes, and difficulty in updating schedules during special events, examinations, or emergency situations.
Moreover, students and teachers do not have a clear and continuous visual indication of the current period or upcoming
classes, which can cause confusion and loss of instructional time.
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Therefore, there is a need to design and implement a Smart Digital School Bell with Timetable Display that can
automatically control bell ringing based on a predefined timetable and simultaneously display real-time schedule
information. The proposed system should be reliable, easy to update, low-cost, and capable of improving punctuality,
reducing manual effort, and ensuring smooth and efficient academic operations within the school environment.

V. AIM AND OBJECTIVE
Aim:
The aim of the project Smart Digital School Bell with Timetable Display is to design and develop an automated system
that rings the school bell according to a predefined timetable and simultaneously displays the current and upcoming
class periods, in order to improve punctuality, reduce manual effort, and ensure smooth academic operations.

Objectives

1. To design an automatic bell ringing system based on real-time scheduling.

2. To display the current period, next period and break time on a digital display.

3. To reduce human errors involved in manual bell operation.

4. To provide an easy and flexible way to update the school timetable.

5. To improve time management and discipline among students and staff.

6. To develop a low-cost, reliable and user-friendly system suitable for school environments.

VI. CIRCUIT DESIGN AND SYSTEM ARCHITECTURE
Circuit Design
The circuit of the Smart Digital School Bell with Timetable Display is designed around a microcontroller as the central
control unit. A Real Time Clock (RTC) module is connected to the microcontroller through serial communication lines
to provide accurate time and date information. A digital display (LCD or OLED) is interfaced with the controller to
show the current period, next period and break timings. A relay or transistor driver circuit is connected to one of the
controller output pins to safely operate the electric bell or buzzer. A regulated power supply unit provides stable DC
voltage to all components such as the microcontroller, RTC module and display.
All input—output connections are properly isolated to ensure safe and reliable operation of the system.

2. System Architecture

The system architecture consists of four main blocks: time acquisition, processing, output control and user display. The
RTC module continuously supplies real-time data to the microcontroller. The microcontroller compares the current
time with the stored timetable and decides when the bell should be activated. When a match occurs, the controller
triggers the driver circuit to ring the bell and simultaneously updates the display with the current and upcoming
schedule information. The power supply block supports all modules, while the software running inside the controller
manages timetable storage, time comparison, display update and bell control. This architecture enables automatic,
accurate and real-time operation of the school bell and timetable display system.

3. Working architecture explanation

The working architecture of the shown Smart School Bell with Timetable Display is centered on the ESP32
microcontroller, which acts as the main controller for all operations. The ESP32 connects to the local network through
Wi-Fi connectivity and hosts a web server (port 80). A user dashboard (HTML interface) is accessed from a mobile or
computer browser, through which the administrator can view or update the timetable and system status. All user inputs
from the web dashboard are received by the ESP32 and stored internally for real-time operation.

The accurate time reference is provided by the DS3231 RTC module, which is connected to the ESP32 through the I2C
bus (GPIO 21 — SDA and GPIO 22 — SCL). The same I2C bus is also shared with the 16x2 I2C LCD display. The RTC
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continuously sends the current time to the ESP32, and the controller compares this time with the stored timetable. The
LCD displays useful information such as the current time, next lecture and system status.

When the current time matches any scheduled period or warning time, the ESP32 activates the output devices. The
active buzzer is used to generate the bell sound, and the RGB LED indicator shows visual status information. As shown
in the diagram, different LED colors represent different system states, such as green for idle condition, blue for 60-
second warning and red for 30-second warning before the bell.

These LEDs are directly controlled by the ESP32 through its GPIO pins. and RGB LED accordingly.
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FLOWCHART

The flowchart shows that the system first starts and initializes all the required modules such as the ESP32 controller,
RTC module, LCD display and buzzer.

After initialization, the stored timetable is loaded into the system and Wi-Fi connectivity is established so that the web
page can be accessed for monitoring and updating the schedule.

The ESP32 continuously reads the current time from the RTC and compares it with the stored timetable. If the current
time does not match any scheduled bell time, the system keeps checking in a loop.

Then, the controller compares the real- time clock value with each scheduled bell time. If the current time does not
match any entry in the timetable, the system remains in monitoring mode and repeatedly checks the time. When a
match is found, the ESP32 activates the buzzer to ring the school bell and updates the web page to show the current
lecture and upcoming lecture. After completing this action, the system returns to the monitoring loop and continues
working automatically throughout the day.

Copyright to IJARSCT
www.ijarsct.co.in

289

| 2581-9429 |1
R\ 1JARSCT /3
R 55




X%
IJARSCT

ISSN: 2581-9429

COMPONENTS AND MATERIALS

Components and Materials Used

1. ESP32 microcontroller board — main controller of the system and handles Wi- Fi and web server.
2. DS3231 RTC module — provides accurate real-time clock for bell scheduling.

3. 162 I2)C LCD display — displays current time, next lecture and system status.
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4. Active buzzer — used as the school bell sound output.

5. RGB LED - indicates system status and warning alerts (idle, pre-alert, final alert).
6.5 V power supply / adapter — provides power to the complete system.
7. Connecting wires (jumper wires) — used for interconnections between module

WORKING

Impact Factor: 8.2

When power is applied, the system initializes the ESP32 controller, RTC module, LCD display, buzzer and status
LEDs. The controller then loads the saved timetable and establishes a Wi-Fi connection so that the administrator can
access the web page to view or update the schedule.
After initialization, the ESP32 continuously reads the current time from the RTC module and shows the time and

current period on the LCD. The controller compares this real-time value with the stored timetable entries.

When the current time matches any scheduled bell time, the ESP32 activates the buzzer to ring the school bell and
updates the LCD and web dashboard with the present and next period information. If no match is found, the system
remains in monitoring mode and keeps checking the time in a continuous loop, ensuring fully automatic and accurate

daily operation.
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VII. RESULTS

The developed Smart Digital School Bell with Timetable Display system successfully performs automatic bell ringing
based on the predefined timetable without any manual intervention. The system accurately reads real time from the
RTC module and triggers the buzzer at the correct scheduled periods and break times. The LCD display clearly shows
the current time, ongoing period and next lecture, which helps students and teachers to follow the schedule easily. The
web interface allows the timetable to be updated quickly through Wi-Fi, making the system flexible and user-friendly.
Overall, the project demonstrates reliable operation, improved punctuality, reduced human error and effective use of
embedded and wireless technologies for school automation.

ADVANTAGES AND APPLICATIONS

1. Automatically rings the school bell at correct scheduled times without human intervention.
2. Reduces manual errors and staff workload in operating the bell system.

3. Displays current and next period information clearly, improving time awareness.

4. Timetable can be easily updated through the web interface.

5. Provides accurate and reliable operation using a real-time clock.

6. Low-cost, user-friendly and suitable for continuous daily use.

Applications

1. Used in schools and colleges for automatic bell and timetable display.

2. Can be used in training institutes and coaching centers to manage class schedules.
3. Useful in laboratories and workshops to indicate session and break timings.

4. Can be applied in hostels and educational campuses for routine time alerts

VIII. FUTURE SCOPE
The future scope of the Smart Digital School Bell with Timetable Display project includes adding mobile application
support so that teachers and administrators can update the timetable from anywhere. The system can be extended to
display announcements, examination schedules and emergency alerts on the same display. It can also be integrated with
attendance systems and smart classroom platforms for complete campus automation. In future versions, cloud storage
can be used for backup and multi-school management, making the system more scalable, intelligent and suitable for
smart campus environment.

IX. CONCLUSION
The Smart Digital School Bell with Timetable Display project successfully demonstrates an automated and reliable
solution for managing school bell operations and class schedules. The system accurately rings the bell according to the
predefined timetable, displays real-time period information, and allows easy schedule updates through a web interface.
By reducing manual effort and human error, the proposed system improves punctuality, discipline and overall time
management in educational institutions. This project proves that simple embedded and wireless technologies can be
effectively used to build a low-cost, efficient and future-ready smart school automation system.
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