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Abstract

This project focuses on creating a novel pest detection and repellent system utilizing
sound-based technology. The system identifies pests by analyzing their distinct sound
patterns and employs a high-frequency buzzer to produce sounds that are uncomfortable
for pests, effectively driving them away. Unlike conventional pest control methods
that rely on chemical pesticides, this system provides an eco-conscious and non-toxic
alternative, minimizing harm to the environment and human health. By leveraging
sound frequencies, the system aims to deter pests without adversely affecting people,
pets, or beneficial insects. Additionally, this technology holds promise for diverse
applications, offering a more sustainable and innovative approach to managing pests
in residential, agricultural, and commercial settings. However, the system’s precision
in identifying specific pest species may vary, and further refinements are needed to
optimize its efficiency and versatility.

Key Words: Sound-based pest control ,Non-toxic pest control,Sustainable pest
control solutions ,High-frequency sound repellent, Acoustic pest detection, Sound
signal processing, Audio pattern recognition, Digital signal processing (DSP), Machine
learning for sound analysis, Real-time monitoring systems, Ultrasonic pest repellent,

Automated sound emission, Noise filtering algorithms
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1 Introduction

Pest control has always been a significant issue in both homes and agricultural areas due
to the damage pests can cause to crops, structures, and overall health. Traditionally,
pest control has relied on chemical pesticides, which, while effective, come with numerous
drawbacks. These include environmental harm, pesticide-resistant pests, water contamina-
tion, and health risks to humans and animals. These issues emphasize the need for safer
and more sustainable pest control solutions. To address these problems, alternative pest
control methods that avoid chemicals have gained interest. One such method is sound-
based technology, which leverages the fact that many pests produce unique sounds. This
project explores this innovative approach by creating a system that identifies pests through
their sound patterns and repels those using high-pitched noises that pests find unbearable.
The system functions in two main steps: detecting and repelling pests. Detection involves
capturing environmental sounds using microphones or sensors. Many pests, like rodents
and insects, create distinct sounds while moving or feeding. By analysing these sounds, the
system identifies the type of pest. Once detected, the system uses a buzzer to emit high-
frequency sound waves to drive the pests away. These sound waves are harmless to humans
and most animals but disruptive to pests, making this approach eco-friendly and chemical-
free. This method avoids the risks associated with chemical pesticides, such as contamination
and harm to beneficial organisms, providing a safer option for homes, schools, hospitals, and
farms. The system stands out for its automation and precision. Using sound detection and
processing, it targets pests without impacting other creatures. Compared to conventional
methods, itismorespecificand avoidsindiscriminate effects. Additionally, itis cost-effective
and easy to use, requiring little maintenance or human intervention. The automated setup
allows for continuous operation, reducing the need for constant oversight. This technology
canbe applied in various environments, from urban homes to agricultural fields, and can be
scaled for different needs. It could also complement other pest control strategies, forming

a multi-layered approach to pest management. However, some challenges remain. Notall
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pests produce detectable sounds, and factors like background noise or physical obstructions
can affect the system’s accuracy. Adjusting sound frequencies for larger areas may also pose

difficulties. With further research and improvements, these issues can be addressed, making

sound-based pest control a practical and reliable solution.

2 Project requirements

2.1 Hardware requirements
2.1.1 ARDUINO UNO

The Arduino Uno is the central microcontroller unit that controls the entire system. It
serves as the brain of the project, receiving input from the KY-038 microphone sound sensor
and activating the buzzer based on the detection of a pest’s unique sound signature. The
Arduino Uno is chosen for its ease of use, flexibility, and compatibility with various sensors
and components. It is powered through a USB connection or an external power source, and

itsI/Opinsareusedtointerface with other componentssuch asthesoundsensorandbuzzer.

2.1.2 KY-038 SENSOR

The KY-038 microphone sound sensor is used to detect sound waves in the environment.
This sensor converts sound waves into an electrical signal that is sent to the Arduino Uno
for processing. The sensor is highly sensitive to sound and can detect specific frequencies
corresponding to the sounds produced by pests. Once the sensor identifies the presence of
a sound that matches a pest’s acoustic signature, it sends a signal to the Arduino, which
processes thisinformation and triggers the buzzer. The KY-038 is chosen due toitslowcost,

sensitivity, and ability to interface easily with the Arduino Uno.
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2.1.3 BUZZER

The buzzer is used to emit a high-frequency sound that is intolerable to pests but inaudible
or harmless to humans and pets. Once the Arduino Uno processes the signal from the
sound sensor and identifies a pest, the buzzer is activated to repel the pest. The high-
frequency sound emitted by the buzzer acts as a deterrent, driving the pest away from the
area. The choice of buzzer is critical, as it needs to produce sound waves in the ultrasonic
range that pests find disruptive without affecting the human environment. Each of these
components works together to form a functional system that detects pests through their
sound signatures and repels them by emitting high-frequency sound waves, providing an

eco-friendly and sustainable alternative to traditional pest control methods.

2.2 Software requirements
2.2.1 Arduino IDE

The Arduino Integrated Development Environment (IDE) is used for writing, compiling,
and uploading the code to the Arduino Uno microcontroller. The Arduino IDE provides
a userfriendly interface that allows for easy programming and debugging of the code. It
supports multiple programming languages, including Arduino C/C++, and is compatible
with a wide range of Arduino boards and external components. The IDE provides
essential features such as syntax highlighting, error checking, and the ability to monitor
and troubleshoot the serial output from the microcontroller. It also allows for seamless
uploading of the compiled code to the Arduino Uno, making it an essential tool for the

project

2.2.2 Arduino C++

The software code for this project is written in Arduino C++, which is a simplified version

of C++ specifically designed for programming Arduino microcontrollers. The code is
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responsible for controlling the entire system, including reading input from the KY-038 sound
sensor, processing the sound data, and activating the buzzer when a pest is detected. The
main tasks of the code include: « Initializing the sensor and buzzer. « Reading the analog
signal from the KY-038 sensor to detect sound levels. * Processing the sound data to
identify specific pest sound signatures. * Triggering the buzzer when a pest is detected. *
Continuously monitoring the environment to ensure the system is active and responsive. The
Arduino C++ code is designed to run continuously, with minimal user intervention, making

the system automated and efficient. The code is optimized to ensure accurate sound detection

and quick response times, ensuring that pests are repelled immediately once detected.

2.3 System design

The goal is to provide a clear blueprint for developing a system that effectively detects,
repels, and monitors pests while maintaining environmental sustainability, affordability, and

user-friendliness.

Pest KY- Sound
sound sensor

Processing

Pest detection

using buzzer

Generating sounc*

Figure 1: Block diagram of insecta track

Figure 1 shows the block diagram of the proposed system begins with the pest sound

block, which serves as the input to the system. This block captures the natural sounds

ISBN:97881-19905-39-3



DfF- e =
EMERGING TRENDS IN

INTERMATIONAL CONCLAVE ON ELECTRONICS & COMMUNICATION
ENGIMEERING SCIENCES & TECHNOLOGY

\PACE

(Conclave

\//
emitted by pests in the environment. These sounds are critical for identifying the presence
of pests. The KY-038 sensor is connected to the system to detect and convert the pest
sounds into electrical signals. This sensor is highly sensitive to sound frequencies, making
it ideal for capturing pest-related acoustic data in real-time. Next, the processing block
handles the electrical signals received from the sensor. This block applies techniques such
as filtering and signal analysis to isolate relevant sound patterns. It ensures that only pest-
specific characteristics are analyzed further, eliminating irrelevant background noise. The
pest detection block is the core of the system, where the processed data is compared with
stored pest sound profiles to identify the type of pest. Once a pest is identified, this block

sends a signal to the output unit. Finally, the buzzer block generates an output sound in

response to pest detection.

2.3.1 Operation of Insecta track

The system is initialized and ready to begin its operation. The process starts by capturing
the ambient sounds in the environment, including sounds emitted by pests, using the KY-
038 sound sensor. Once the sound is captured, the system processes the signal by filtering
out unwanted noise. This step isolates the relevant frequencies associated with pest sounds,
ensuring only meaningful data is passed for analysis. The filtered sound signal is then
analyzed and compared to a database of known pest sound profiles. If the captured sound
matches a pest profile, the system triggers the buzzer, which emits a sound to either repel
the detected pest or alert the farmer to its presence. If no pest sound is detected, the system
continues monitoring for new sounds. After triggering the buzzer, the system goes back
into monitoring mode, ensuring it remains active and ready to respond to any future pest

activity.
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Figure 2: :flow chart

2.3.2 Flow chart
2.3.3 Implementation

Implementationis defined as specific set of activities designed to put into practice an activity
or program of known dimensions. Implementation processes are purposeful and are described
in sufficient details such that independent can detect the presence and strength of the “specific
set of activities” related to implementation.

In this project, we are using Arduino C++ to program the Arduino Uno microcontroller,
which is the heart of the pest detection and deterrent system. Arduino C++ is a simplified
version of the C++ programming language, specifically designed for use with Arduino
hardware. It allows us to interface with sensors and other hardware components while
providing the flexibility and efficiency needed to control the pest detection system. Arduino

C++ is used to write the code that processes input from the KY-038 sound sensor, detects
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pest sounds, and activates the buzzer to emit high-frequency sound waves to repel pests.

2.3.4 Code snippets

sketch_nov18a ino

Senal Monitor x

Figure 3: code snippet

3 Results and discussions

The results of this mini-project confirm that the sound-based pest detection system is an

effective and innovative solution for modern pest management in agriculture. The system’s

ability to accurately detect pests, reduce reliance on chemical pesticides, and increase crop

yields positions it as a powerful tool for promoting sustainable agricultural practices. By
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integrating IoT and automated responses like ultrasonic repellents, the system allows farmers
to manage pests more efficiently while minimizing environmental damage.

This system offers a scalable, cost-effective, and eco-friendly alternative to traditional pest
control methods, providing farmers with the tools to manage pest threats more proactively.
As such, it contributes to both increased productivity and enhanced sustainability in farming,
offering a promising path toward the future of eco-conscious pest management.

The system showed high accuracy in identifying and classifying specific pest species
based on their distinct acoustic patterns. After processing the insect sounds and extracting
key features such as frequency and amplitude, the machine learning models achieved 85-
90% accuracy in identifying pests. Compared to conventional pest detection methods like
infrared sensors and image processing, the auditory-based system demonstrated a higher
level of precision, particularly in noisy agricultural environments where traditional methods
struggled.

Comparison with Traditional Methods: In field tests, the sound-based system outper-
formed traditional technologies, which often had difficulty distinguishing between pest species
in complex field conditions. The auditory system’s ability to differentiate between species
based on their sounds improved overall detection reliability.

The system enabled targeted pest detection, resulting in 30-40% less pesticide use.
By providing species-specific alerts, the system allowed farmers to apply pesticides only
when necessary, avoiding the blanket application that is common in traditional pest control
methods. This helped reduce pesticide waste and improve environmental outcomes.

Cost Savings: Farmers also reported a reduction in pesticide-related expenses due to more
precise and localized application, leading to lower overall pest control costs. The integration
of ultrasonic repellents as part of the automated response mechanism helped promote a
more environmentally sustainable approach to pest management. These ultrasonic devices
emitted frequencies that pests found uncomfortable, without harming non-target species or

the environment. This technology supported biodiversity by preserving beneficial insects
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and reducing the need for harmful chemicals.

Preservation of Biodiversity: The ultrasonic approach helped protect non-pest species,
such as pollinators, contributing to healthier ecosystems and supporting sustainable farming
practices. The ability to detect pests early and intervene quickly led to a 10-15%
improvement in crop yields. By addressing pest threats before they could cause significant
damage, the system helped ensure healthier crops, reducing the risk of yield loss during
critical growth periods Improved Crop Health: In areas where pest pressure was high, the
system significantly decreased crop damage, ensuring that plants had the opportunity to
reach their full growth potential.

The 10T integration allowed for real-time monitoring and instant alerts about pest
activity, empowering farmers to make timely decisions on pest management. The system’s
user-friendly interface made it easy for farmers to keep track of pest activity remotely,
optimizing their pest control efforts. Enhanced Farmer Engagement: Farmers reported that
the system provided critical data that allowed them to respond quickly to pest threats. This
contributed to improved operational efficiency, as farmers could focus on other tasks while
the system handled pest monitoring and control.

The adoption of the auditory pest detection system led to substantial economic gains
for the participating farmers. Along with the reduction in pesticide costs, the system
contributed toincreased cropyields, which directly translated to higher revenue. The return
on investment (ROI) for the system was found to be 25-30%, largely driven by cost savings
from reduced pesticide use and the improvement in crop output. Cost-Effectiveness: The
system proved to be economically viable for farmers of varying scales, offering a sustainable

solution with a short payback period and promising long-term benefits.for the conduction.

3.1 Working of project

The system is designed to be highly adaptable and easy to deploy in various environments,

such asresidential areas, agricultural fields, and industrial spaces. Its real-time monitoring
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Figure 4: working of insects track

ensures that pests are detected promptly, and the automatic nature of the system eliminates
the need for constant manual supervision. The Arduino Uno’s flexibility allows for easy
customization, so the system can be finetuned to detect specific pest sounds and adjust
sensitivity levels based on environmental factors. Additionally, the project is cost-effective,
using affordable components to provide a sustainable, nontoxic pest control solution. This
makes it accessible to a wide range of users who seek a more environmentally friendly and

efficient way to manage pest problems.
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3.2 Testing

3.2.1 Component Testing

Each hardware component, including the Arduino Uno, KY-038 sound sensor, and buzzer,
will be tested individually to ensure they work as expected. The sound sensor will be tested
to confirm that it can accurately detect sound levels within a specific range and send the
correct signal to the Arduino Uno. The buzzer will be tested to verify that it emits the

desired high-frequency sound when activated by the Arduino.

3.2.2 Sensor Calibration:

TheKY-038sound sensorwillbe calibrated toaccuratelydetectthe specificsoundsignatures
of pests. Duringtesting, different sound frequencies andlevelswillbetested todeterminethe
sensor’s sensitivity and ability to differentiate between pest sounds and background noise.
This step ensures that the sensor only triggers the buzzer when a relevant sound, such as

that of a pest, is detected.

3.2.3 System Integration Testing:

Aftertesting each componentindividually, the full system will be assembled, and integration
testing will be conducted. This step involves verifying that the Arduino Uno correctly
processes the input from the KY-038 sound sensor and activates the buzzer when pest sounds
are detected. The system’s response time will be tested to ensure that it detects pest sounds

quickly and triggers the deterrent mechanism without delay.

3.2.4 Environmental Testing:

The system will be tested in different environments to evaluateits performance in real-world
conditions. Various pest sounds, such as those from rodents or insects, will be played near

the sound sensor to check if the system accurately detects them. Background noise levels,
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such as human speech, household appliances, or environmental sounds, will also be tested to

ensure that the system does not trigger false detections.

3.2.5 Deterrent Effectiveness Testing:

The effectiveness of the high-frequency sound emitted by the buzzer in repelling pests will
be evaluated. While direct pest behavior observation may not be feasible in a controlled
environment, the system’s response will be tested under simulated conditions, where pests
are simulated using sound sources. The deterrent will be assessed for its ability to repel

pests without causing harm to humans, pets, or beneficial insects.

3.2.6 Reliability and Stability Testing:

The system’s reliability will be tested by running it continuously for extended periods to
assess its stability and performance. This testing will identify any potential issues such as
overheating, signal loss, or failure to activate the deterrent mechanism. Any system errors
or failures will be documented, and troubleshooting will be performed to ensure that the

system operates consistently over time.

3.2.7 User Interface Testing:

If the system includes any user interface for monitoring or control, it will be tested for ease
of use, clarity, and functionality. Users will test features such as adjusting sensitivity levels,
monitoring system status, and troubleshooting potential issues. Feedback from testers will

be used to improve the interface and overall user experience.

3.2.8 System Optimization Testing:

Finally, testing will be conducted to optimize the system for cost, performance, and energy
efficiency. This includes evaluating the power consumption of the system to ensure that it

operatesefficiently, especiallyifthe systemistobeused inremoteorenergy-limited settings.
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Through this thorough testing process, the system will be validated to ensure that it meets
the project’s objectives, functions effectively, and provides a reliable and eco-friendly solution

for pest control.

3.3 Conclusion and Future work

The Insecta Track project effectively showcases a sound-based approach to detecting pests.
Utilizing the KY-038 sound sensor, Arduino Uno microcontroller, and a buzzer, the system
canidentify pest-specificsound patterns and deliver prompt alerts. This project emphasizes
the practicality of combining basic yet efficient hardware components to tackle agricultural
and environmental issues. The Insecta Track system offers a budget-friendly and adaptable

solution that can be further improved for greater precision and expanded functionality.

4 Future work

Mobile App Integration: Develop a mobile application that will send real-time notifications
tofarmers about pest activity, allowing them to monitor their fields remotely. Advanced Pest
Detection: Implement machine learning algorithms to improve the accuracy of pest detection
based on sound patterns, enabling the system to identify different types of pests. Data
Analytics: Introduce data analytics features that track pest activity trends over time, helping
farmers predict and prepare for future pest invasions. Automated Pest Control: Integrate
automated pest control mechanisms (e.g., sprays or traps) that can be triggered by the
system to take action when pests are detected. Cloud Integration: Store sensor data in the
cloud for better accessibility, analysis, and long-term monitoring of agricultural fields.Energy
Efficiency: Develop a more energy-efficient system, possibly through solar power or low-
energy sensors, making it more sustainable for use in remote farming areas.
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