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Abstract: Agriculture is the foundation of our economy, and modern technologies are changing how farming is done. One of
the biggest problems in farming is the manual application of pesticides and fertilizers, which is time-consuming, labor
intensive, and harmful due to chemical exposure. To fix this, this project introduces a drone-based agricultural spraying system
that automates the spraying process, cutting down on human work and making things more efficient. The system uses an
Arduino as its main control unit to manage all the parts. The drone has several features: an ultrasonic sensor to maintain the
spraying height, a flow sensor to monitor the amount of pesticide sprayed, and a GPS module to track its position. With these
tools, the drone can cover big areas efficiently and ensure even spraying, helping to make farming smarter and more sustainable.
Index Terms—Agriculture drone, UAV, smart farming, crop spraying, pesticide spraying system, Arduino-based drone, GPS
tracking, ultrasonic sensor, flow sensor, farm automation.

L. INTRODUCTION

Agriculture is one of the most important sectors that sup- ports economic growth, food supply, and jobs, especially in developing
countries. With the growing population, the need for higher agricultural output has increased. Traditional farming methods, while
effective before, now face issues like a lack of labor, rising costs, environmental concerns, and health risks from chemical exposure.
Therefore, using modern technology in farming has become necessary to improve efficiency, productivity, and sustainability. A key
part of crop production is spraying pesticides and fertilizers. Proper spraying protects crops from pests and diseases and helps keep
soil fertile. However, traditional manual spraying requires a lot of labor and time. Farmers are directly exposed to harmful chemicals
during spraying, which can cause health problems like breath-ing difficulties, skin irritation, and long-term medical issues. Manual
spraying can also lead to uneven application, with some areas getting too much and others not enough. This adds to costs and harms
the environment. To solve these problems, the idea of using unmanned aerial vehicles (UAVs), or drones, has come up as a
promising solution in precision farming. Drones allow automatic, fast, and even spraying across large fields with less human help.
They can fly at controlled heights to ensure consistent coverage and cut down on pesticide waste. Also, drones reduce direct contact
between farmers and harmful chemicals, making farming safer. This project is about designing and building an Agriculture Spray
Drone controlled by an Arduino-based system. The Arduino microcontroller acts as the main processor, managing the spraying
function and coordinating sensor inputs. An ultrasonic sensor is used to maintain the right height for spraying, ensuring even
chemical application. A flow sensor is included to measure and control the amount of pesticide being used, avoiding overuse and
saving resources. Additionally, a GPS module helps track the drone’s position and lets it follow set routes to cover the
entire field. A gas sensor can also be added to detect harmful chemical vapors in the air. Using such a system greatly helps precision
farming, where resources are used efficiently based on real-time data and automated controls. By combining automation, sensing
technology, and aerial movement, the proposed drone system improves speed, reduces labor needs, and enhances spraying accuracy.
It also supports sustainable farming by lowering chemical waste and environmental dam- age. In conclusion, developing an
Arduino-based agriculture spray drone is a new step toward smart farming solutions. This system boosts productivity and efficiency
while focusing on farmer safety and environmental protection. Integrating modern electronics and sensor tech into farming shows
how engineering solutions can help tackle real farming challenges.

1. LITERATURE REVIEW
The development of agriculture spraying drones has gained significant attention in recent years due to the increasing demand for
precision farming, labor reduction, and efficient pesticide application. Various researchers have explore different aspects of UAV-
based spraying systems, including design, control mechanisms, spray efficiency, and environmental impact.
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A. Evolution of Quadrotor-Based Spraying Systems

In recent years, agricultural spraying drones have gained considerable attention due to the increasing demand for precision farming
and reduced chemical usage. Early studies primarily focused on designing and implementing quadcopter- based spraying platforms.
Multi-rotor drones were found to be highly effective for small and medium-sized farms because of their stability, hovering
capability, and ease of maneuvering. Researchers developed systems integrating components such as liquid pumps, spray nozzles,
flight controllers, and GPS modules. These technologies enable accurate altitude control and uniform pesticide distribution.
Experimental results indicated that drone-based spraying reduces labor requirements while improving coverage efficiency compared
to traditional manual methods.

B. UAV Spraying Technologies and Droplet Behavior

A major area of research has been the analysis of spray quality, including droplet size, dispersion, and deposition. It has been
observed that spray effectiveness depends on several factors such as nozzle type, airflow, operating altitude, and environmental
conditions. Studies show that UAV spraying can effectively increase efficiency, often performing multiple times faster than
conventional techniques. The interaction between rotor airflow and spray droplets enhances penetration into crop canopies, leading
to better pesticide application. However, improper parameter settings may result in uneven spray patterns, highlighting the need for
careful optimization.

C. Precision Control and Automated Spraying Systems

Recent advancements emphasize automation and intelligent control to improving spraying precision. Modern UAV systems
incorporate sensors, control algorithms, and real-time feedback mechanisms to regulate spray output dynamically. Techniques such
as Pulse Width Modulation (PWM) are used to control nozzle flow rates. In addition, machine learning approaches are being
explored to optimize spray parameters. Experimental studies report that these systems can achieve high accuracy levels under
varying environmental conditions. Such developments enable targeted spraying, reducing chem- ical wastage and promoting
sustainable agricultural practices.

D. Role of UAVs in Precision Agriculture

Drones play a vital role in modern precision farming by enabling data-driven decision-making. Equipped with cameras and sensors,
UAVs can monitor crop health, soil conditions, and pest infestations in real time. Research findings high- light several benefits,
including reduced pesticide wastage, improved crop yield, and minimized exposure of humans to harmful chemicals. UAVs are
particularly useful in difficult terrains such as hilly or remote areas. Their ability to optimize resource usage contributes to
environmentally sustainable farming.

E. Advantages of Drone-Based Spraying Systems

Various studies have identified multiple advantages of drone spraying systems: High efficiency with rapid coverage of large areas
Reduced labor requirements Uniform distribution of chemicals Enhanced safety by minimizing human contact with pesticides
Protection of crops from mechanical damage caused by heavy equipment Improved soil health due to reduced compaction.

Despite their advantages, drone spraying systems face several limitations: Limited battery capacity restricting flight duration
Payload constraints requiring frequent refilling Sensitivity to environmental factors such as wind and weather High initial
investment cost Requirement for skilled operators and proper calibration Maintenance issues such as nozzle blockage and pump
wear can also increase operational costs.

F. Emerging Trends in Agricultural Drone Research

Recent developments show a clear movement toward smarter and more advanced drone technologies in agriculture. Drones are now
being combined with artificial intelligence to enable real-time crop monitoring and early detection of plant diseases. In addition,
swarm-based drone systems are being studied for use in large-scale farming, allowing multiple drones to work together efficiently.
Variable-rate spraying methods are also gaining importance, as they help apply chemicals more precisely and reduce wastage.
Furthermore, researchers are working on hybrid power systems to increase flight duration. Overall, agricultural drones are gradually
transforming into highly automated and intelligent tools for modern farming.
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G. Research Gap and Motivation for Proposed Work

Although significant progress has been made, many existing drone systems remain expensive and complex, making them unsuitable
for small-scale farmers. There is a need for cost- effective, easy-to-use, and reliable solutions. The proposed work aims to address
this gap by developing an Arduino- based agricultural spraying drone that focuses on affordability, simplicity, and practical usability
for real-world farming ap- plications.

1. PROPOSED SYSTEM
The proposed system is an intelligent unmanned aerial vehicle (UAV) developed for automated agricultural spraying applications.
The primary objective of this system is to reduce manual labor, improve spraying precision, and enhance operational safety by
minimizing human exposure to hazardous chemicals.
The drone integrates multiple functional units, including a flight control system, propulsion system, spraying mechanism, and a
sensor-based monitoring unit. These subsystems work in coordination to ensure stable flight, accurate navigation, and uniform
distribution of agrochemicals across the target field.
The flight control system utilizes a controller along with GPS-based positioning to follow predefined paths with high accuracy. The
propulsion system, consisting of brushless DC motors and propellers, generates the required thrust for lift and directional
movement. The spraying mechanism includes a tank, pump, and nozzles designed to provide fine atomization and consistent
coverage.
Sensors such as ultrasonic and flow sensors are incorporated to maintain an optimal spraying height and regulate the flow rate of the
liquid being dispensed. This approach reduces chemical wastage, prevents over-application, and improves resource utilization.
Additionally, real-time monitoring capabilities can be achieved through onboard sensors and optional camera integration, allowing
better supervision of field conditions.
The system supports autonomous operation, enabling the drone to perform spraying tasks with minimal human intervention. This
not only increases operational efficiency but also ensures repeatability and precision in large-scale farming environments. Overall,
the proposed system contributes to modern precision agriculture by improving productivity, conserving resources, and promoting
safer farming practices.
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Fig. 1. Overall System Architecture of the UAV Spraying System
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IV.  SYSTEM METHODOLOGY
A. Overall System Architecture
The overall system architecture is structured to integrate all major subsystems into a single coordinated platform for efficient and
reliable operation. The system is broadly divided into three primary units: the flight control system, the spraying system, and the
sensing and monitoring system.
The flight control system is responsible for maintaining stability, orientation, and navigation of the drone. It utilizes a flight
controller in combination with a GPS module and onboard sensors such as gyroscopes and accelerometers to ensure accurate
positioning and controlled movement along a defined path.
The spraying system manages the storage and uniform distribution of the liquid. It consists of a lightweight tank, a diaphragm pump,
and precision spray nozzles. The pump ensures a steady flow of liquid, while the nozzles are designed to achieve fine atomization
and even coverage across the target area.
The sensing and monitoring system provides continuous real-time feedback for improved accuracy and control. Sensors such as
ultrasonic sensors help maintain a consistent altitude above the crop surface, while flow sensors regulate the dis- charge rate of the
liquid. In addition, a camera module can be integrated for real-time field monitoring and inspection.
All subsystems are interconnected and operate using a common power source, typically a lithium-polymer battery. This integrated
design ensures synchronized operation, efficient energy utilization, and dependable system performance under varying field
conditions. The architecture also supports scalability and future enhancements, making it suitable for advanced precision agriculture
applications.
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Fig. 2. Spray Coverage vs Time
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1) Spray Coverage Analysis

Description: This graph il- lustrates the variation in the area covered by the drone over time during the spraying process. It reflects the
efficiency and consistency of the spraying operation.

Observation:

- The coverage area increases linearly with time.

- This trend indicates a uniform spraying pattern.

- It also demonstrates the effective performance of the nozzle distribution system.
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Fig. 3. Power Consumption vs Time During Flight

2) Power Consumption Analysis:
Description: This section illustrates how power consumption varies during different stages of drone operation, such as takeoff,
hovering, spraying, and landing.
Observation:
- Maximum power consumption occurs during hovering combined with spraying operations.
- Energy usage gradually decreases during descent and landing phases.
- These results indicate that the system utilizes power efficiently throughout all stages of flight.

B. Hardware Configuration

The drone system is developed using multiple essential components that ensure stable flight and efficient spraying performance. The
flight controller serves as the central unit, responsible for maintaining stability and controlling movement. It gathers input data from
sensors and transmits appropriate signals to the motors through electronic speed controllers.

Brushless DC motors generate the necessary lift for flight, while the propellers convert rotational motion into thrust. The entire
system is powered by a lithium polymer battery.
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A separate Arduino-based controller is employed to manage the spraying mechanism. It controls the pump operation and processes
inputs from sensors, including ultrasonic and flow sensors.

The spraying assembly consists of a lightweight liquid tank, a diaphragm pump, and spray nozzles. The pump transfers liquid from
the tank to the nozzles, ensuring uniform distribution and fine spraying over the crop area.

C. Operational Workflow

The system operates through a structured sequence to ensure smooth and reliable functioning. Initially, the user defines the target
field area and uploads the planned flight path. After completing preliminary system checks, the drone initiates takeoff.

During flight, the drone maintains a constant altitude using sensor feedback and navigates along the predefined path with the
assistance of GPS. Upon reaching the designated spraying zone, the spraying system is activated automatically.

The ultrasonic sensor maintains a consistent height above the crops, while the flow sensor regulates the spraying rate. Additionally,
a camera module provides real-time monitoring to the user.

Once the spraying task is completed or the battery level becomes low, the system stops the spraying process and autonomously
returns to its starting point, ensuring a safe landing.

V. CONCLUSION
This study focuses on the design and implementation of a multi-rotor drone intended for agricultural spraying applications, with
the goal of improving work efficiency and ensuring safer farming operations. The system is designed by carefully balancing weight,
thrust generation, and spray flow control to achieve stable flight and proper chemical distribution.
Test results indicate that the drone can function effectively under different loading conditions without affecting its stability or
spraying consistency. Proper weight management and the use of lightweight components help increase flight duration and maintain
reliable performance. The use of GPS technology, along with automated control systems, enables precise navigation and reduces the
need for manual intervention.
Overall, the developed system offers a practical and budget- friendly solution for modern agricultural practices. It supports precision
farming by improving productivity, reducing excess chemical usage, and enhancing operational safety.
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