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Abstract— A solar-powered crop protection system utilizes
renewable solar energy to drive various mechanisms aimed
at safeguarding crops from pests, diseases, and
environmental hazards. This system integrates solar panels
to harness sunlight, converting it into electricity, which
powers automated devices such as pest deterrents,
irrigation control systems, and sensors. The sensors
monitor environmental conditions like temperature,
humidity, and soil moisture, enabling precise interventions
that minimize crop damage. These interventions may
include automated spraying of natural pesticides,
deploying physical barriers, or activating ultrasonic pest
repellers. By leveraging solar energy, the system operates
sustainably, reducing reliance on fossil fuels and lowering
operational costs, while maintaining an ecofriendly
approach to agriculture. This smart, energy-efficient
technology not only enhances crop yield but also
contributes to reducing the environmental impact of
farming.

l. INTRODUCTION

The Solar Powered Crop Protection System represents
a significant advancement in agricultural pest
management by employing cutting-edge technology to
detect and deter pests efficiently. Utilizing ultrasonic
sensors and a wireless sensor network, the system is
capable of accurately identifying the presence of birds
and animals in real-time. Upon detection, the system
activates a buzzer and laser to repel the pests, thereby
protecting crops from damage without the need for
human intervention. This automation not only
enhances the precision and effectiveness of pest
control but also reduces the labour and time
traditionally required for such tasks, offering a
seamless and convenient solution for farmers.
Designed for wide area coverage, the system features
a rotating device that can scan large farmlands
comprehensively. The rotation mechanism stops to
target detected birds and animals precisely, ensuring
that the repellent measures are focused and effective.
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This functionality helps to minimize false alarms
caused by non-pest movements, such as windblown
debris or small animals, thereby improving the
accuracy and efficiency of the pest control measures.
By covering extensive areas and selectively targeting
birds and animals, the system maximizes its protective
reach while minimizing unnecessary activations, thus
optimizing resource use and enhancing overall
effectiveness. An essential aspect of this system is its
low maintenance and eco-friendly design. Powered by
batteries or solar panels, the system operates
sustainably, avoiding the environmental and health
hazards associated with chemical pesticides. The
reliance on renewable energy sources not only reduces
operational costs but also ensures that the system can
function reliably in remote or off-grid locations. The
absence of chemical pesticides also means that the
system does not contribute to soil, water, or air
contamination, making it a safer alternative for the
environment and for human health. This sustainable
approach aligns with modern agricultural practices
that prioritize ecological balance and long-term
viability. The integration of a servomotor further
enhances the system's functionality by allowing
precise control over the rotation and stopping
mechanism. This precision ensures that the repellent
measures are accurately targeted, increasing the
likelihood of deterring birds and animals effectively.
By preventing damages, the system helps to maximize
crop yield and 2profitability, providing a significant
economic benefit to farmers. Moreover, the reduction
in the need for chemical pesticides not only lowers
costs but also mitigates the risk of pests developing
resistance, thereby preserving the effectiveness of pest
control measures over time. Overall, the Solar
Powered Crop Protection System offers a
technologically ~ advanced,  sustainable, and
economically advantageous solution for modern
agricultural pest management.
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. LITERATURE REVIEW

A Framework based on solar powered crop protection
system of secured to the farm and benefit for the
farmer.

Ricardo Yauri: A complete literature survey reveals a
growing interest in sustainable and automated pest
control solutions in agriculture, driven by the opposing
effects of traditional chemical pesticides on the
environment and human health. Studies have explored
various technologies, such as ultrasonic sensors,
wireless sensor networks, and automated warning
systems, to address these issues. Research has
demonstrated the efficiency of ultrasonic sensors in
detecting pests like birds and animals, while wireless
sensor networks have been shown to enhance the
accuracy and coverage of Crop Protection systems.
Innovations in crop protection, including the use of
sound and light stimuli, have proven effective in
protecting crops without causing any harm to farms.
Furthermore, the integration of renewable energy
sources, such as solar panels, into crop protection
systems aligns with the global shift towards
sustainable agricultural practices. The development of
rotating devices with precise targeting mechanisms,
powered by servo motors, highlights the importance of
precision and efficiency in modern protecting
methods. Overall, the literature underscores the
potential of automated, ecofriendly Solar Powered
Crop Protection System to improve crop yield and
profitability while reducing dependence on harmful
chemical pesticides.

Cheol Won Lee: To prevent crop damage from
harmful birds, various repelling methods have been
studied. This paper proposes a method called Anti-
adaptive Harmful Birds Repelling (AHBR) that uses
the model-free learning idea of the Reinforcement
Learning (RL) approach to repel harmful birds that can
effectively prevent bird adaptation problems. In this
paper we auther the AHBR method based on the RL
approach. The AHBR method can delay the invasion
by an average of 43.5 percent compared to the sound
threat repelling method commonly used to repel birds
invading orchards.

Matheus Cardims Ferreira Lima: Many species of
insect pests can be detected and monitored
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automatically. Several systems have been designed in
order to improve 4 integrated pest management (IPM)
in the context of precision agriculture. Automatic
detection traps have been developed for many
important pests. These techniques and new
technologies are very promising for the early detection
and monitoring of aggressive and quarantine pests.
The aim of the present paper is to review the
techniques and insect pests. The author focused on the
methods for identification of pests based in infrared
sensors, audio sensors and image-based classification,
presenting the different systems available, examples of
applications and recent developments, including
machine learning and Internet of Things. Matheus
Cardims Ferreira Lima: Many species of insect pests
can be detected and monitored automatically. Several
systems have been designed in order to improve 4
integrated pest management (IPM) in the context of
precision agriculture. Automatic detection traps have
been developed for many important pests. These
techniques and new technologies are very promising
for the early detection and monitoring of aggressive
and quarantine pests. The aim of the present paper is
to review the techniques and insect pests. The author
focused on the methods for identification of pests
based in infrared sensors, audio sensors and image-
based classification, presenting the different systems
available, examples of applications and recent
developments, including machine learning and
Internet of Things.

Oluwole Arowolo:-Rice is one of the most consumed
foods in Nigeria, therefore its production should be on
the high as to meet the demand for it. Unfortunately,
the quantity of rice produced is being affected by pests
such as birds on fields and sometimes in storage. Due
to the activities of birds, an effective repellent system
is required on rice fields. The Haar-like features gave
the highest accuracy of 76% compared to HOG and
LBP features. Haar features are best for bird detection.
P.Nagaraju et:-The agricultural sector in India faces
significant challenges due to crop damage caused by
birds and animals. Traditional methods employed by
farmers, such as visual and auditory deterrents, electric
fencing, and agronomic changes, have shown varying
degrees of effectiveness depending on factors like crop
type, pest species, and environmental conditions.
However, these methods often fall short, leading to
frustration and economic losses for farmers. Existing
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methods, such as electric fences, pose significant risks,
including potential harm to animals and humans and
wastage of electric power. To address these issues, the
proposed method involves using ultrasonic and PIR
sensors to detect birds and animals. These sensors
trigger a recorded voice playback through a
microcontroller, effectively repelling pests without
causing harm. The system is powered by solar energy,
making it suitable for remote areas with limited access
to electricity

1. SYSTEM REQUIREMENT
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Fig.1.block diagram of system

A solar-powered crop protection system is an
innovative solution designed to protect crops using
renewable energy. The system harnesses solar power
through photovoltaic panels, which convert sunlight
into electrical energy. Here's a basic block diagram to
explain the system:

Solar panel: Solar panels convert sunlight into
electricity using photovoltaic cells, which generate
direct current (DC) power.

ESP32: The ESP32 is a versatile and widely-used
microcontroller and Wi-Fi/Bluetooth system-on-chip
(SoC) produced by Espressif systems.

Ultrasonic Sensors: An ultrasonic sensor is a device
that uses ultrasonic sound waves to measure the
distance to an object. It works by emitting a sound

pulse at a frequency above the human hearing range,
usually in the range of 40 kHz.

B) COMPONENTS DESCRIPTION

a)

b)

Solar panel: A solar panel is a device that converts
sunlight into electricity using photovoltaic (PV)
cells. These cells are made from materials, usually
silicon, that exhibit the photovoltaic effect—where
light particles (photons) knock electrons loose
from atoms, generating an electric current. Solar
panels are commonly used in a variety of settings,
from residential rooftops to large solar farms, to
harness renewable energy. They offer an eco-
friendly alternative to fossil fuels, reducing
greenhouse gas emissions and providing a
sustainable source of power.

Fig.2.Solar Panel

ESP32: The ESP32 is a highly capable, low-cost
microcontroller developed by Espressif Systems. It
is widely used in 10T (Internet of Things) projects
due to its powerful features, such as integrated Wi-
Fi, Bluetooth, and multiple input/output options.
Here's a detailed explanation of what makes the
ESP32 unique and useful for various applications.
One of the standout features of the ESP32 is its
built-in Wi-Fi capability. It can connect to Wi-Fi
networks (supporting 802.11 b/g/n at 2.4 GHz) and
act as a client or server. This makes it perfect for
devices that need to communicate wirelessly, like
smart home devices or 10T sensors.

Fig.3.ESP32 Microcontroller
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c¢) Ultrasonic sensor: An ultrasonic sensor is a device
used to measure the distance to an object by using
sound waves. It works by emitting an ultrasonic
sound wave (typically above 20 kHz, beyond the
range of human hearing) and then measuring the
time it takes for the sound wave to bounce back
after hitting an object. This time delay is used to
calculate the distance between the sensor and the
objected) ultrasonic sensors are widely used for
distance measurement and object detection in
robotics, automation, and automotive systems,
providing an easy and efficient way to measure
distances without physical contact.

Fig.4.Ultrasonic Sensor

d) LCD Display: An LCD (Liquid Crystal
Display) screen is a versatile electronic display
module with diverse applications. Among its variants,
the 16x2 LCD display is notably popular and
extensively utilized in various devices and circuits.
The designation "16x2" signifies its capacity to exhibit
16 characters in a single line, with provision for two
such lines. This basic yet widely employed module
provides a visual interface for information, making it
invaluable in devices like digital thermometers,
clocks, and many other electronic systems. Its
simplicity and effectiveness make the 16x2 LCD an
essential component in numerous applications across
a broad spectrum of industries.

Fig.5. LCD Display

e) Buck convertor: A buck converter is a type of DC-
DC power converter that steps down (reduces)
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voltage from its input (supply voltage) to a lower
output voltage while maintaining a high efficiency.
It’s widely used in power supplies and battery-
powered systems because it can efficiently convert
high input voltages to lower, usable levels for
electronic components. A buck converter is a type
of DCDC power converter that steps down the
voltage from its input (supply) to a lower output
voltage while increasing the current. It is one of
the most common types of switching regulators
used to efficiently convert higher voltage levels to
lower ones, often with high efficiency, typically
85% to 95% or more.

Fig.6.Buck Converter

Voltage Regulator: A voltage regulator is an
electronic device or circuit that maintains a
constant output voltage regardless of changes in
input voltage or load conditions. It ensures that
electronic components receive a steady and
reliable voltage supply, which is crucial for the
proper functioning of most electronic systems. A
linear voltage regulator works by adjusting the
resistance of a pass transistor to maintain a
constant output voltage. It’s simple and commonly
used in low power applications but is less efficient,
as excess voltage is dissipated as heat. A switching
regulator uses high-frequency switching (typically
a transistor) and energy storage elements like
inductors and capacitors to control and regulate the
output voltage. It can step up (boost), step down
(buck), or invert the input voltage.
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C) SYSTEM FLOW CHART
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Fig.7.Voltage Regulator
g) Charge Controller: A charge controller, also 7 A
known as a solar charge controller or battery
charge regulator, is a device that regulates the
voltage and current coming from a solar panel (or ; .
other renewable energy source) to safely charge Bird Detected 7 Animat Detected ?

batteries and prevent overcharging or over
discharging. It’s a key component in off-grid solar
power systems, ensuring that batteries are charged
efficiently and last as long as possible. The | |
controller ensures that the battery is not Activate Bird Repelient Activate Animal Repelent
overcharged by limiting the current and voltage
from the solar panel. Overcharging can lead to
battery overheating, damage, or reduced lifespan.
Many charge controllers also protect the battery

yes yes

- -
end

from being over discharged, which can damage the Fig. 9. Flow Chart for the proposed system
battery, especially for lead-acid or lithium

batteries. The controller will disconnect the load The flowchart you provided represents a theoretical
when the battery voltage drops below a safe level. system that integrates a solar power source,
Atnight or in low light conditions, current can flow microcontroller, and several components for sensing
from the battery back to the solar panel. A charge and controlling outputs. Below is an explanation of the
controller prevents this reverse current from system in theory:

discharging the battery by including a blocking 1. Start: This signifies the initial stage where the
diode or another method to stop this flow. system begins its operations. It could be when the

device is powered up or initialized.

2. Solar Panel Generates Power: A solar panel is used
as the primary source of energy. It converts
sunlight into electrical power to drive the system
components. Solar energy is a renewable and eco-
friendly power source, making the system energy-
efficient.

3. Switch On/Off: A manual or automated switch is

PRC)JECTA SOLAR CHARGE CONTROLLER included to control whether the system is activated
or not:

o If No: The system does not operate, and the process

Fig.8.Charge Controller ends.

o If Yes: The system continues to operate and
performs further functions.
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4. Voltage Regulator: After the system is switched
on, the power generated by the solar panel passes
through a voltage regulator. This component
ensures that the voltage supplied to the electronic
devices, particularly the ESP32 microcontroller, is
stable and within the required limits. It protects the
components from voltage fluctuations.

5. ESP32 Microcontroller: The ESP32 is a low-cost,
low power system-on-chip (SoC) microcontroller
with integrated Wi-Fi and Bluetooth capabilities. It
acts as the brain of the system, processing inputs,
controlling outputs, and managing overall
operations. The ESP32 reads sensor data and
controls the motor and buzzer based on
programmed logic.

6. Ultrasonic Sensor Measures Distance: The system
uses an ultrasonic sensor to measure the distance to
an object. This sensor works by emitting ultrasonic
waves and calculating the time it takes for the
waves to bounce back from an object. It’s typically
used in applications where proximity or object
detection is needed, such as obstacle avoidance,
parking sensors, or rangefinders.

7. LCD Display Output: The distance measured by
the ultrasonic sensor is displayed on an LCD
screen. This allows the user to monitor the sensor
data in real-time. The LCD is connected to the
ESP32, which controls the display.

8. Motor Driver Controls Motor: Based on the sensor
data, the ESP32 sends signals to a motor driver,
which in turn controls a motor. This could be used
for various applications like moving a mechanical
arm, controlling a fan, or adjusting the position of
an object based on distance measurements.

9. Buzzer Sound: The system also includes a buzzer
that produces sound based on certain conditions.
For example, the buzzer might activate if an object
comes within a specified range, acting as an alert
or warning signal.

10. End: The system ends or completes its current task.
This can either occur when the task has been
completed successfully, when the system is
manually turned off, or in response to an error
condition.

TABLE |

THE TOTAL COMPONENTS REQUIRED
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Items Quantity
Solar Panel (10W) 1
Charge Controller (1| 1
Amp)

Battery ( 12V / 25| 1
Amp)

Voltage Regulator | 1
(1C-7805)

Motor Driver (L293D) | 1
Relay (5V) 1
Microcontroller (ESP | 1
32)

Laser Light (3V)
Servo Motor (MG-9)
Buzzer (5V)

Buck Convertor

R

Ultrasonic Sensor (
HC-SR04)

LCD Display (16 x2 | 1
Alphanumeric )

These are the estimated prices; actual price of
components may vary from designed product.

CONCLUSION

In conclusion, a solar-powered crop protection system
offers a sustainable and efficient solution to safeguard
crops while minimizing environmental impact. By
utilizing renewable solar energy, this system operates
autonomously, reducing the dependency on grid
electricity or fossil fuels. It integrates technologies
such as sensors, cameras, and automated deterrents to
detect and ward off threats like pests, animals, or
adverse weather conditions. The use of solar energy
ensures cost-effective and long-term operation,
making it particularly beneficial for remote or rural
areas where access to electricity may be limited.

This approach not only helps to protect crops but also
promotes eco-friendly agricultural practices by
reducing chemical pesticide use and carbon emissions.
Solar-powered crop protection systems thus contribute
to increased crop yields, lower operational costs, and
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improved sustainability, benefiting both farmers and
the environment in the long run.

FUTURE SCOPE

The future scope of solar-powered crop protection
systems holds significant promise as advancements in

technology,

agriculture, and renewable energy

converge. Key areas of growth and innovation include:

1.
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Al and Machine Learning: Future systems could
use Al to predict pest behaviour, crop health, and
weather patterns, allowing for real-time and
autonomous crop protection decisions. Machine
learning algorithms can improve accuracy and
efficiency in detecting threats like insects, animals,
or disease outbreaks.

IoT Connectivity: The integration of Internet of
Things (10T) devices will enable these systems to
communicate and synchronize with other smart
agricultural tools, such as automated irrigation and
monitoring systems. This will create a fully
integrated farm management system.

Improved Batteries: As battery technology
improves, solar powered crop protection systems
will be able to store more energy, allowing them to
operate through cloudy periods or nighttime hours
with greater reliability.

Hybrid Power Sources: Combining solar energy
with other renewable sources (like wind or
biomass) could increase energy availability and
operational consistency, particularly in regions
with variable sunlight.

Enhanced Sensors: Future systems may feature
more advanced, low-power sensors for real-time
detection of soil health, moisture levels, and crop
conditions, enabling highly targeted responses.
Precision Pest Control: These systems could utilize
targeted biocontrol agents or precision pesticide
application through drones or automated sprayers,
reducing chemical use and focusing on problem
areas rather than blanket spraying.

Cost Reduction: As solar panels and related
technologies become cheaper and more efficient,
the adoption of solar-powered crop protection
systems will become more widespread, especially
in developing regions where affordability is key.
Modular and Scalable Systems: Future systems
may be designed to be modular and easily scalable,
allowing farmers to customize their setups based

10.

11.

12.

[1]

(2]

[3]

[4]
(5]

6]
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on the size of their land and specific crop
protection needs.

Adaptation to Climate Change: Solar-powered
crop protection systems could play a crucial role in
climatersilient agriculture by providing consistent
protection in extreme weather conditions and
ensuring power autonomy in remote locations.
Carbon-Neutral Agriculture: Widespread use of
solar energy in crop protection will contribute to
carbon neutral farming practices, reducing
dependence on fossil fuels and lowering the overall
environmental footprint of agriculture.
Developing Regions: These systems will become
increasingly important in developing regions
where traditional power infrastructure is weak or
unreliable, offering a sustainable way to increase
food security and crop yields.

Data-Driven Farming: By integrating with big data
platforms, solar-powered crop protection systems
could provide valuable insights into pest control,
crop health, and environmental changes,
contributing to the global shift toward smart and
data-driven farming ecosystems.

REFERENCES

Ricardo Yauri, Einer Campos, Renzo Yalico,
Vanessa Gamero “Development of an Electronic
Bird Repellent System using Sound Emission”
Published on May 19, 2023 by Ricardo Yauri on
ResearchGate.

Cheol Won Lee (Member, IEEE), Azamjon
Muminov,

Myeong-Cheol Ko,HyungJun Oh, Jun Dong Lee,
YoungAe Kwon(Member, IEEE), Deayoung Na,
Sung-Phil Heo and Heung Seok Jeon “Anti-
Adaptive Harmful Birds Repelling Method
Based on Reinforcement Learning Approach”,
IEEE Journals & Magazine, IEEE Xplore

2021.

Matheus Cardim Ferreira Lima, Maria Elisa
Damascena de Almeida Leandro, Constantino
Valero, Luis Carlos Pereira Coronel and Clara
Oliva Gongalves Bazzo, “Automatic Detection
and Monitoring of Insect Pests” Published: 9
May 2020.

Oluwole Arowolo, Adefemi Adekunle and
Joshua AdeOmowaye “A Real Time Image

1554



© October 2024 | IJIRT | Volume 11 Issue 5 | ISSN: 2349-6002

Processing Bird Repellent System Using
Raspberry Pi” Department of Mechatronics
Engineering, Federal University Oye - EKiti,
Nigeria FUOYE Journal of Engineering and
Technology (FUOYEJET), Vol. 5, Issue 2,
September 2020 ISSN: 2579-0625 (Online),
2579-0617 (Paper).

[71 P. Nagaraju, A. Madhavi, B. Bhavani, G.
Sunilkumar, A. Vamsi “Solar Based Birds
Repeller to Protect Crops From Birds and
Animals” International Journal of Research in
Engineering, IT and Social Science, May 2019,
ISSN 2250-0588.

IJIRT 168642 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1555



