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ABSTRACT

In schools, the bell plays a crucial role in
maintaining the schedule. Ringing the bell
manually is often ineffective due to issues
with accuracy. Therefore, an automatic
school bell system is needed to save the
workforce and ensure precision. This project
utilizes an Arduino UNO microcontroller to
read the time from a Real-time clock (RTC
DS3231) and display it on a 16 x 2 LCD
display. At specific times, the Arduino
activates a 5-volt relay for a predetermined
duration to ring the electric bell. An
alternative switch for the electric bell is
included for use during examinations and
emergencies. The bell is powered by direct
AC and controlled by the relay module. The
Arduino UNO is powered using a 5-volt
output mobile charging adapter. Thus, the
Arduino-based automatic school bell system
is easy to design, develop, cost-effective,
and operates at predefined times.

Keywords: Automatic School Bell System,
Arduino UNO, Accuracy, DS3231, LCD,
Relay.

INTRODUCTION
Time is a crucial aspect of students’ lives, as
it directly impacts their learning and

development. Therefore, it is essential to
utilize time efficiently and ensure that all
activities are performed timely and
accurately. However, many educational
institutions still rely on manually operated
traditional school bell systems, which often
suffer from significant inaccuracies and
inefficiencies. To eradicate this problem and
save manpower, we should use an automatic
school bell system. Such a system can
ensure precise timing, reduce human error,
and improve the overall efficiency of school
operations.

The automatic school bell is a digital circuit
programmed to ring at specific times every
day using an Arduino UNO, which is an
easy-to-program and low-cost
microcontroller compared to others. The
RTC module is connected to the
microcontroller using jumper wires to
provide accurate time, which is then
displayed on a 16 x 2 LCD display. The
main objective of automation is to save
labor and provide a solution that is much
better, more accurate, consistent, and useful
compared to traditional bell systems.

MATERIALS & METHODS
System Overview
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Figure 1: System Block Diagram of Automatic School Bell System

The system block diagram of the automatic
school-bell system is shown in Figure 1.
The Arduino UNO microcontroller takes
real-time data from the RTC DS3231
module and receives 5V of DC power as
input. After processing these data, the
Arduino outputs signals to both the relay

5v power
GND

SDA

Live

Neutral

module and 16 x 2 LCD display. The relay
module was also connected to a manual
switch and an external power supply for the
electric bell. When the Arduino sends a 5V
signal to the relay, the circuit is closed and
the bell rings.

Figure 2: Circuit Diagram for Automatic School Bell System

Arduino

The Arduino UNO serves as the processing
unit in this project, featuring the
ATmega328  microcontroller.  "UNO,"
meaning "one" in Italian, signifies the
release of Arduino Software (IDE) version
1.0. As the first USB-compatible board, the
Arduino UNO has become the reference
model for the entire Arduino platform.
Operating at 5V, it included 32 KB of flash
memory, 2 KB of SRAM, and 1 KB of

EEPROM. The board also provides 14
digital input/output pins (6 of which support
PWM outputs) and 6 analog inputs. It
maintains a USB connection for both
programming and power, thus facilitating
easy integration and development.

To power the Arduino, a transformer was
used to step down the 240V AC to a lower
voltage, which was then converted to 5V
DC using bridge rectification. This 5V DC
supply is connected to the Arduino's 5V pin
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and GND through a breadboard, ensuring a
stable power connection, and the SCL and
SDA pins are connected to the breadboard,
which in turn connects to a 16 x 2 LCD with
an 12C module and the RTC DS3231, as
shown in Figure 2. Additionally, digital pin
4 was utilized as the output, linking it to the
signal pin of the relay module.

The Arduino UNO receives real-time data
from the RTC DS3231 module and displays
this information on an LCD. It is
programmed to compare the current time
with the pre-set schedule; when a match is
detected, the Arduino sends a 5V signal to
the relay for a specific duration, activating
the connected bell.

Figure 3: Arduino

DS3231 RTC

The DS3231 is a highly accurate, low-cost
I2C real-time clock with an integrated
temperature-compensated crystal oscillator
(TCXO) and crystal. The Real-Time Clock
(RTC) tracks seconds, minutes, hours, dates,
months, days of the week, and years, with
leap-year adjustments accurate through
2100.The DS3231 Real-Time Clock (RTC)
module operates at a low voltage of 3.3V.
The DS3231 Real-Time Clock (RTC)
module also supports an external coin cell
battery (like a CR2032), ensuring that
timekeeping continues even when the main
power supply is unavailable. It typically
consists of six pins: VCC for power, GND
for ground, SDA and SCL for 12C
communication, an optional 32.768 kHz
output pin (32K), and a square wave output
pin (SQW). The VCC, GND, SDA, and
SCL pins are connected from the
breadboard to the DS3231 module, ensuring
proper power and communication links.

Figure 4: DS3231

12C 16x2 Liquid Crystal Display

The 16x2 character LCD, which is attached
to an 12C module, features two rows for
displaying text, with each row capable of
showing 16 characters. It operates at 5V,
and the display contrast can be manually
adjusted using a potentiometer. Although
I2C communication simplifies wiring, only
four pins are required to connect the LCD:
VCC, GND, SDA, and SCL, all sourced
from the breadboard. This screen displays
the current date and time provided by the
RTC module.

Figure 5: 16x2 LCD

Relay Module

The relay is an electromagnetic component
that functions as an automatic switch in
automation circuits. This allows the control
of high-current loads using a low-current
signal and supports both AC and DC. The
relay module typically consists of six pins:
three for the input (VCC, GND, and Signal)
and three for the output (NO, COM, and
NC).

To power the relay module, the VCC and
GND pins were connected to a 5V supply
and ground through the breadboard. The
Signal pin is used to control the relay; it can
operate in either the active high or active
low mode. In this project, the signal pin was
connected to digital pin 4 on the Arduino
through the breadboard. The relay we are
using operates in active low mode, meaning
that the signal pin continuously receives 5V
from the Arduino. When it is time to ring
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the bell, the 5V signal is interrupted,
activating the relay. The opposite occurs for
an active high relay.

Regarding the output pins, the Normally
Open (NO) pin remains open unless a signal
is sent to the relay module that closes the
circuit. The Common (COM) pin is the
central connection point in the relay that
connects the load (e.g., electric bell) to
either normally open (NO) or Normally
Closed (NC), depending on whether the
relay is activated or not. The Normally
Closed (NC) pin, on the other hand,
maintains a closed circuit with the COM pin
by default and disconnects when the relay
receives a signal, breaking the circuit.

““ 1 Relay Module @

" Figure 6: 5V Relay

Breadboard

A breadboard is a rectangular board with
small holes that simplify wiring and
connections during circuit construction. It is
reusable and does not require soldering.

Figure 7: Breadboard

Jumper Wires

Jumper wires were used for the entire
connection in this project. These wires are
essential for connecting components such as
DS3231, LCD, and relays. These are of
various types, including male-to-male,
male-to-female, female-to-female, and U-
shaped configurations.

Figure 8: Jumper Wire

Adapter

Jumper wires were used for the entire
connection in this project. These wires are
essential for connecting components such as
DS3231, LCD, and relays. These are of
various types, including male-to-male,
male-to-female, female-to-female, and U-
shaped configurations.

=

Figure 9: Adapter with USB Cable

Electric Gong Bell

The Electric Gong bell operates directly on
a 220V 50 Hz AC supply, simplifying the
automation process. The positive terminal of
the bell connects to the common (COM) pin
of the relay, whereas the negative terminal
IS connected directly to the ground. The
Normally Open (NO) pin of the relay was
connected to the positive terminal of the
power supply. When the relay is activated
by the Arduino, the circuit between the
COM and NO pins closes, allowing current
to flow and causing the bell to ring.

Manual Switch

The switch is used to ring the bell in
emergency situations, during exams, or for
programs in which the time is not scheduled
in the Arduino. One terminal of the switch
was connected to the NO pin, and the other
terminal was connected to the COM pin.
When the switch is pressed, the circuit
closes, allowing the bell to ring even
without Arduino activation.

Figure 10: Manual Switch
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Arduino IDE

The Arduino IDE is an open-source
software platform used for writing and
uploading code to any Arduino board. It
simplifies the coding using a simplified
version of C++. The software includes a
Serial Monitor tool for debugging, testing,
and direct communication with the Arduino
board during the project development. In
addition, the IDE provides built-in libraries
and supports the addition of external
libraries to various modules and sensors.

Library Used

Libraries simplify project development by

providing prewritten functions and codes,

making interactions with modules and

sensors more convenient. The following

libraries were used in this project:

® DS3231 Library: Developed by
Henning Karlsen, this library simplifies

the process of setting and retrieving real-
time data from the DS3231 RTC
module. It  provides easy-to-use
functions for managing time and date.
This library can be found in RinkyDink
Electronics.

® LiquidCrystal-12C  Library:  This
library  facilitates ~ communication
between the Arduino and the 12C-based
LCD display, is used to show the time
and other messages, and is available on
GitHub.

Setting Time in the RTC

To set the time in the DS3231 RTC module,
the following steps:

Step 1. The DS3231 |library was
downloaded and installed on the Arduino
IDE.

Step 2: Navigate to File > Examples >
DS3231 >Arduino> DS3231_Serial_Easy.

Step 3: Open the DS3231 Serial_Easy
example code. Uncomment the lines where
the actual day, time, and date need to be set,

Figure 11: avigation to set time in DS3231

and the correct values are input in the
specified format.

Step 4: The modified code is uploaded to
Arduino.

Figure 12: Setting and Uploading time, date and Monitor output.
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Step 5: After uploading, comment on the
time-setting lines again and reupload the
code. The current date and time will be
displayed on a Serial Monitor.

Step 6: Even if the Arduino is powered off,
the RTC will continue to keep track of time
because of its onboard battery. The RTC is
ready for use in this project.

Project Source Codes

To implement all the functionalities of this
project, such as displaying time on the LCD
and sending signals to the relay at specific
times, the necessary code has been written
and uploaded. The code includes fetching
the time from the RTC module, comparing
the current time with preset times, and
sending signals to the relay to ring the bell.

The complete source code, along with
detailed descriptions and explanations of
each section, can be found on GitHub.

RESULT & DISCUSSION

The bell was programmed to ring according
to the timetable shown in Figure X, with a
total of 13 rings, including short and long
breaks. Each bell rings for a duration of 10
seconds. The schedule can easily be
modified by updating the time settings or
adjusting the bell duration. Additionally, an
emergency switch is provided for ringing
the bell during unscheduled events such as
programs or exams. The system also
displays the current time and date on the
LCD screen. This automatic school-bell
system eliminates the need for manual
operation, ensuring precise bell ringing
without delay.

Figure 13: Final Implementation of the Arduino-Based School Bell System

CONCLUSION

During school hours, it is often frustrating
when classes run beyond their scheduled
time, especially when the bell rings
manually. This project addresses this issue
by offering an affordable, simple, and
efficient automatic school-bell system that
rings accurately on time, ensuring no
unnecessary delays or extensions. This
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