W
& \
» v

!

),

<%
(L

IR

")

\ T

-

14

W

/”
v

j\,

N
(S

Journal Publication of International Research for Engineering and Management (JOIREM)

Volume: 04 Issue: 02 | Feb-2026
ISSN (0) 3107-6696

Clap Automation System

Mr. Soham Madhukar Tate, Mr. Pratik Santosh Pimpalgaonkar, Ms. Pranita Kanadkhedkar
s23 tate soham@mgmcen.ac.in, s23 pimpalgaonkar pratik@mgmcen.ac.in, kanadkhedkar pp@mgm cen.ac.in

MGM'’s College of Engineering, Nanded Department of Electronics & Telecommunication Engineering

Abstract: - Automation technologies have transformed modern
living by enhancing comfort, safety, accessibility, and energy
efficiency. With the rapid advancement of embedded systems
and microcontroller- based platforms, low-cost and compact
automation solutions have become increasingly feasible for
residential and small-scale applications. This paper presents the
design and implementation of a Clap- Based Home Automation
System that enables control of electrical appliances using
acoustic signals as input. The system operates by detecting clap
sounds through a microphone-based sound sensor module,
which converts acoustic energy into electrical signals. These
signals are processed by a microcontroller that applies threshold
comparison, signal conditioning, and timing window algorithms
to accurately distinguish valid clap patterns from background
noise.

Upon successful detection of a valid clap event, the
microcontroller generates control signals to drive a relay
module, which safely switches high-voltage electrical
appliances such as lights or fans. The relay provides electrical
isolation between the low-voltage control circuitry and high-
voltage AC loads, ensuring user safety and system reliability.
To enhance operational accuracy, noise filtering techniques and
debounce logic are incorporated to minimize false triggering
caused by environmental disturbances, echo effects, or
unintended sounds.q

1. Introduction

Automation has emerged as a fundamental element of
modern smart living environments, significantly improving

convenience, safety, and operational efficiency in
residential and commercial spaces. The integration of
embedded systems, microcontrollers, and sensor

technologies has enabled the development of compact, cost-
effective, and energy-efficient automation solutions. With
rapid advancements in semiconductor technology and
open-source development platforms, automation systems
that were once limited to industrial applications are now
accessible for household implementation. These systems
aim to reduce human effort, enhance comfort, and optimize
energy consumption while maintaining safety and
reliability.

The Clap Automation System represents a simple yet
effective sound-based control mechanism designed to
replace conventional mechanical switches. Instead of
relying on physical interaction, the system utilizes acoustic

signals—specifically hand claps—as input commands. A
microphone- based sound sensor detects variations in sound
intensity and converts acoustic waves into electrical signals.
These signals are then processed by a microcontroller,
which applies predefined logic to determine whether the
detected sound qualifies as a valid clap. Upon successful
validation, the microcontroller generates a control signal to
toggle connected electrical appliances such as lights, fans,
or other household devices through a relay switching
circuit.

The primary advantage of such a system lies in its hands-free
operation capability. Furthermore, it offers significant benefits
for elderly individuals, patients, and physically challenged
users who may find conventional switches difficult to operate.

II. Literature Review

Early automation systems were primarily based on mechanical
switching mechanisms and manual control processes. These
systems required direct human interaction and were limited in
flexibility, scalability, and efficiency. Industrial automation
initially introduced electromechanical relays and timer-based
controllers; however, such systems lacked programmability and
adaptability. With the emergence of microcontrollers and
embedded system technology, automation evolved into
programmable and intelligent control systems capable of
executing complex decision-making tasks. Microcontrollers
enabled real-time signal processing, digital logic
implementation, and integration of sensors and actuators within
compact and cost-effective platforms.

As embedded technologies advanced, alternative input
mechanisms beyond mechanical switches began to emerge.
Sound-based control mechanisms, particularly clap detection
systems, were introduced as economical and simple automation
solutions. These systems offered a practical substitute for more
complex voice- controlled or IoT-enabled automation
platforms. Unlike full speech recognition systems, which
require advanced signal processing and computational
resources, clap-based systems rely on detecting short-duration
acoustic impulses. This significantly reduces system complexity
while maintaining functional effectiveness.

Research in clap detection systems indicates that their
operation primarily depends on amplitude threshold detection
and timing window analysis to differentiate valid clap signals
from background noise The microphone sensor captures

© 2026, JOIREM  |www.joirem.com| Page 1

ISSN (0) 3107-6696



7Y Journal Publication of International Research for Engineering and Management (JOIREM)
Volume: 04 Issue: 02 | Feb-2026
ISSN (0) 3107-6696

acoustic signals, which are then amplified and compared against
a predefined threshold level. Only signals exceeding this
threshold are considered potential clap events. Additionally,
timing algorithms are implemented to ensure that the detected
signal falls within a specific duration and interval range
characteristic of human claps. This combination of amplitude-
based filtering and temporal Several studies have emphasized
the importance of signal conditioning techniques, including
filtering, debounce delays, and noise suppression methods, to
improve reliability. Analog filtering circuits and software-based
digital filtering are commonly employed to enhance signal
clarity before processing by the microcontroller. These
improvements contribute to stable operation even in moderately
noisy indoor environments.

III. System Architecture

The system architecture When a user claps, the
microphone senses the sound and converts it into an
electrical signal. This signal is amplified and filtered to
remove noise. The microcontroller processes the signal
and checks whether it matches the clap pattern

A. Sound Sensor Module:
The sound sensor module is an important input
component of the Clap Automation System. Its primary
function is to detect sound signals, such as claps, and
convert them into corresponding electrical signals. It
enables the system to sense acoustic input.

Fig 1. Sound Sensor Module

B. Relay Module:
The relay module is an essential output component of

the Clap Automation System used to control high-
voltage electrical appliances using low-voltage signals
from the microcontroller. Since the microcontroller
cannot directly handle high current or high voltage, the
relay module acts as a safe switching interface.

Fig 2. Relay Module

C. Arduino UNO Microcontroller

The Arduino Uno serves as the central processing unit of
the Clap-Based Home Automation System. It receives digital
input signals from the sound sensor module, which detects
acoustic clap sounds and converts them into electrical pulses.
The Arduino Uno continuously monitors this input and applies
programmed threshold detection and timing window algorithms
to distinguish valid clap events from background noise.

2.USB PORT 3. USB TO SERIAL CHIP

4. DIGITAL PINS

1. MICROCONTROLLER

5. ANALOG PINS

6.5V/3.3v 7. GND

Fig 3. Arduino Nano Microcontroller

1I. Methodology

The methodology outlines the systematic process and
design approach used to develop the water level
detection and contaminated detection system:

A. Hardware Design

1. Sound Detection Circuit: The sound sensor
module of a condenser microphone,
amplifier, and comparator circuit. The digital output
of the sound sensor is connected to the Arduino Uno
digital input pin (e.g., D2).

consists

The sensor detects acoustic signals and converts them
into electrical pulses. A potentiometer on the module
allows adjustment of sensitivity.

Proper grounding and decoupling capacitors are
used to reduce noise interference and ensure stable
detection.

2. Microcontroller Interface: The Arduino Uno
acts as the control unit. The sound sensor output
is connected to a digital input pin, while the relay
module input is connected to a digital output pin
(e.g., D8).
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The Arduino operates at 5V and runs at a 16 MHz
clock frequency. It processes clap signals using
programmed threshold logic and timing algorithms
to distinguish valid clap events from

environmental noise.

3. Relay Switching Circuit: The relay module
is connected to the Arduino output pin through a
driver transistor (if required). The relay operates
at 5V and provides electrical isolation between
the low-voltage control circuit and high-voltage
AC load.

When activated, the relay switches household
appliances such as lights or fans. A flyback diode
protects the circuit from back EMF generated by
the relay coil.

Power Supply: A regulated 5V power supply or 9-
12V adapter connected to Arduino's VIN pin powers

consumption  is
well within Arduino's

all  components.  Current
approximately 200-300mA,
capabilities.[7]

Software Design:

Clap Detection Algorithm:

The Arduino continuously monitors the digital
input from the sound sensor. When a sound pulse is
detected, the system checks:

e  Whether the signal exceeds the
preset threshold
e  Whether the duration matches a typical clap
impulse
e Whether the timing interval is valid
A debounce delay is introduced to avoid

multiple triggers from a single clap.

Timing Window Logic: To prevent false detection due to

echo or noise, a timing window is defined.

If the clap occurs within a predefined interval (e.g., 200-500

ms), it is considered valid.

Mathematically:

Clap Validity Condition:

If
Signal > Threshold AND

Time Interval € Valid Range

Then

Toggle Relay State

2. Toggle Mechanism:
The relay state is toggled using a Boolean flag: If Relay =
OFF — Turn ON

If Relay = ON — Turn OFF

This allows single-clap ON/OFF control.

3. Noise Handling:

Noise suppression techniques include:

e Software debounce delay

e Threshold filtering

e Minimum pulse width detection

e Ignoring signals below preset amplitude
These techniques improve reliability in moderately noisy
environments.

4. Implementation

The system was implemented using Arduino Uno, a sound
sensor module (KY-037 or equivalent), 5V relay module, and
regulated power supply.

Initially, the circuit was assembled on a breadboard for testing
and debugging. After validation, components were mounted on
a PCB for permanent installation.

Sensitivity adjustment was performed using the onboard
potentiometer of the to optimize clap
detection while minimizing false triggers.

sound sensor

The relay was connected to a 230V AC bulb for testing
switching performance.

The system was tested under different

environmental conditions including:

e Quiet room
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e Moderate background conversation
e Television noise
e Sudden loud disturbances

Serial monitoring via Arduino IDE was used for
debugging and analyzing timing intervals.

The final system demonstrated reliable operation with
response time under 300-500 milliseconds.

Circuit Diagram for Clap Switch
* Clap Switch for AC bulls

LED Sound Sensor
AC BULB J.'
1

230 VOLT AC SUPPLY SOCKET

Arduing UNO

Fig 6. Circuit Diagram of Water Quality Monitoring
System

5. Results & Discussion

a. Accurate Clap Detection

The The sound sensor successfully detected clap
signals within a range of approximately 1-3 meters.

Threshold tuning significantly reduced false triggering.
The system showed stable performance under moderate
background noise.

b. Reliable Switching Operation

The relay module consistently toggled connected
appliances without delay or malfunction.

Electrical isolation ensured safe operation of high-
voltage loads

C. Noise Immunity Performance:

The LCD display updated information every 500ms,
providing near- instantaneous feedback on water
quality and level changes. The buzzer alarm activated
reliably when turbidity exceeded safe thresholds, with
audible alerts clearly distinguishable in typical
household environments. Users reported the system

was intuitive and easy to understand ~ without

technical knowledge.[4]

D. Power Efficiency
Average power consumption was approximately 200mA at
5V (IW).

The system can be powered using battery backup or small UPS
systems

i'mumm £.com l
[l Circuit | Code | warking i -q-li

Fig 7. Real-Time Working Module of Water Quality
Monitoring System

V. Future Scope

The proposed system offers significant potential for

enhancement:

A. IoT Integration Integration with
ESP8266/ESP32  modules for  remote
monitoring via mobile app.

B. Multi-Clap Pattern Recognition Different clap
sequences to control multiple appliances.

C. Al-Based Sound Classification Machine

learning algorithms to distinguish clap from
other sounds more accurately.

D. Voice Command Integration Upgrade to
speech recognition for advanced control.

E. Energy Monitoring Integration with current
sensors to monitor power usage.

F. Smart Home  Ecosystem  Integration
Compatibility with existing smart home
frameworks

Conclusion

This paper presents a simple and cost-effective Clap-Based
Home Automation System using Arduino Uno. The system
successfully replaces conventional switches with sound-
triggered control using embedded signal processing techniques.
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Experimental validation confirms reliable clap detection, safe
relay switching, and stable operation under moderate noise
conditions.

The system is economical, easy to implement, and ideal for
educational demonstrations and small-scale home automation
applications.

Future enhancements such as [oT connectivity, Al-based sound
filtering, and multi-device control can further improve system
functionality and scalability.
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