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Abstract: The use of robotics in agriculture is an emerging field that promises enhanced productivity, precision, and
sustainability. One of the prominent applications is the deployment of robots for pesticide spraying to address issues
of labor shortage, environmental concerns, and human health risks. This paper presents a comprehensive design and
analysis of a Smart Pesticide Spraying Robot that uses sensors, machine learning algorithms, and navigation
technologies to optimize pesticide application. The robot is designed to detect crop conditions and automatically
adjust the pesticide dosage based on real-time data, thereby minimizing waste and reducing environmental impact.
Field experiments validate its performance, demonstrating significant reductions in pesticide usage while
maintaining pest control efficacy.
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1. INTRODUCTION
1.1 Background

Agriculture is facing increasing challenges, including labor shortages, rising costs, and environmental
concerns. Pesticides are crucial for pest control, but conventional spraying methods often result in inefficient
application, leading to excessive chemical use, environmental degradation, and health risks for farm workers. The
use of robotics and automation in agriculture offers a promising solution to these challenges, particularly for
precision pesticide application.

1.2 Obijectives

This paper explores the design, development, and implementation of a Smart Pesticide Spraying Robot
equipped with sensors, Al, and navigation systems. The robot’s objectives are:

1. Toensure precise pesticide application, reducing waste and minimizing environmental impact.
2. To adapt spraying based on crop health and pest presence.
3. Toautonomously navigate agricultural fields and avoid obstacles, maximizing operational efficiency.

2. LITERATURE REVIEW

The integration of automation and robotics in agriculture has led to advancements in tasks such as planting,
harvesting, and crop monitoring. Pesticide spraying robots represent a niche within this domain, with research
focusing on sensor integration, intelligent spraying algorithms, and autonomous navigation.

2.1 Robotic Spraying Systems

Past studies have investigated robotic arms for spraying applications, using pre-programmed paths to cover
entire fields. However, such methods often lack adaptability to real-time crop conditions, leading to inefficiency and
overuse of chemicals.

2.2 Precision Agriculture Technologies
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Precision agriculture emphasizes variable-rate applications, leveraging GPS, image processing, and other
technologies to optimize resource use. However, integrating these capabilities into a robotic framework for dynamic
pesticide spraying remains an ongoing research challenge.

3. METHODOLOGY

The methodology encompasses the robot's hardware, software architecture, and control systems, as well as
field testing to validate performance.

3.1 HARDWARE DESIGN
The robot consists of:

1. Chassis: A four-wheel or tracked base equipped for stability across various terrains.

2. Sensors: Multispectral cameras, LIiDAR, ultrasonic sensors, and environmental sensors for crop health
assessment and obstacle detection.

3. Spraying Mechanism: A variable-rate spraying system controlled by actuators, allowing precise pesticide
discharge based on crop and pest conditions.

4. Processing Unit: A microcontroller and edge processor to analyze real-time data and control operations.

The methodology for the Smart Pesticide Spraying Robot includes its hardware configuration, software
architecture, and control algorithms for perception, decision-making, and autonomous navigation. Additionally, a
field testing protocol is defined to assess the robot’s performance under real-world conditions.

3.1 Hardware Design

The Smart Pesticide Spraying Robot’s hardware is designed for durability, adaptability, and precision,
comprising the following main components:

Chassis and Mobility System:

1. Base Structure: A sturdy four-wheel or tracked chassis provides stability and maneuverability across
various terrains, from flat fields to uneven surfaces. The chassis is designed to maintain stability even under
the weight of pesticide tanks and equipment.

2. Drive System: Motors with differential drive capabilities enable agile steering, while speed and wheel
encoders help monitor movement and ensure accurate path following.

Spraying Mechanism:

1. Variable-Rate Sprayer: Equipped with nozzles that can adjust the spray volume and droplet size based on
real-time feedback, optimizing pesticide application. Solenoid valves control the flow rate, which varies in
response to crop health conditions and pest presence.

2. Reservoir and Pump: A chemical-resistant reservoir holds the pesticide, while an electronically controlled
pump ensures consistent flow and spray coverage.

Sensor Suite:

Multispectral Cameras: Capture data in various spectral bands (e.g., visible, near-infrared) to assess crop
health by analyzing parameters like leaf chlorophyll levels, water stress, and pest infestations.

1. LiDAR and Ultrasonic Sensors: LiDAR provides high-resolution 3D mapping for obstacle detection and
field mapping. Ultrasonic sensors aid in detecting closer objects or small obstacles missed by LiDAR.
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2. Environmental Sensors: Measure temperature, humidity, and wind speed to optimize spraying conditions
and reduce drift or evaporation.

Processing Unit and Power Supply:

Microcontroller and Edge Processor: A combination of a high-performance microcontroller (e.g., Arduino,
STM32) and an edge processor (e.g., NVIDIA Jetson Nano, Raspberry Pi) manages sensor data processing, control
algorithms, and communication.

1. Battery Pack: A rechargeable lithium-ion battery provides power, chosen to ensure the robot can operate
continuously for extended periods with efficient energy management.

3.2 Control Architecture

The control architecture includes three main modules that coordinate the robot’s perception, decision-
making, and navigation:

Perception Module:

Image Processing for Crop Health and Pest Detection: Using data from multispectral cameras, the
perception module identifies pest-damaged plants, nutrient deficiencies, and general crop health. Convolutional
Neural Networks (CNNSs) trained on agricultural datasets analyze plant images in real-time to classify plant health
conditions.

3D Mapping and Obstacle Detection: LIDAR and ultrasonic sensors create a real-time 3D map of the
environment. This map helps the robot navigate through the field and avoid obstacles such as trees, rocks, and
uneven ground.
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Decision-Making Module:

2. Variable-Rate Spray Control: Based on crop condition data, a fuzzy logic controller decides the pesticide
dosage and application rate. For example, if the pest infestation is low, the controller applies a minimal
spray dose, conserving pesticide and reducing environmental impact.

3. Pest Control Algorithm: A supervised machine learning model trained on historical pest and crop health
data calculates a probability score for pest infestation. If the score exceeds a set threshold, the robot
initiates a higher spray rate.

4. Weather-Condition Adjustment: Data from environmental sensors adjusts spraying based on conditions.
For instance, the robot will lower the spray rate or pause operations if wind speeds are high to avoid drift.
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Fig 2: A detailed diagram illustrating the control architecture of a Smart Pesticide Spraying Robot
Navigation and Path-Planning Module:

1. Localization and Mapping: The robot uses GPS and an Inertial Measurement Unit (IMU) to maintain
location accuracy and follow a predefined path. It combines GPS data with LiDAR for accurate localization
in the field.

2. Path-Planning Algorithm: A* or Dijkstra’s algorithm calculates optimal paths, taking into account field
boundaries, obstacles, and areas that have already been treated. This ensures full coverage and minimizes
overlap, conserving pesticide and battery life.

3. Real-Time Obstacle Avoidance: The navigation system integrates LIDAR and ultrasonic sensors to detect
and avoid obstacles, dynamically adjusting the path to navigate around them safely without interrupting the
spraying process.

3.3 Software Framework

The robot’s software framework is built on the Robot Operating System (ROS), which facilitates data
integration, real-time control, and module communication.
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Data Processing Pipeline: ROS nodes handle data from sensors, process inputs through machine learning
models, and control the spraying system.

Machine Learning and Computer Vision Libraries: Libraries such as OpenCV and TensorFlow are used for
image analysis and classification tasks related to pest detection and crop health monitoring.

Central Database: A database stores field data, including spraying locations, crop health, and environmental
conditions, allowing post-operation analysis for performance evaluation and future planning.

User Interface: A remote interface allows operators to monitor the robot's location, pesticide usage, and
system status in real time. Operators can override the system remotely if necessary.

3.4 Field Testing and Evaluation

To evaluate the robot’s effectiveness, a series of field tests were conducted across different crop types and

environmental conditions.

Testing Parameters:

1.

Pesticide Usage Efficiency: The amount of pesticide used is measured and compared with conventional
methods to determine if the robot reduces usage while maintaining pest control.

Accuracy of Pest Detection: The robot’s ability to identify and respond to pest infestations is assessed by
comparing detected versus actual pest conditions.

Navigation and Coverage Efficiency: Coverage is measured to ensure the robot treats the intended area
without overlap or missed sections.

Weather Adaptability: Tests assess how well the robot adjusts spraying in response to wind, temperature,
and humidity changes.

Data Collection and Analysis: During each field test, data on pesticide application rates, crop health
indicators, environmental conditions, and battery consumption is recorded. This data is analyzed post-
operation to refine the robot’s spraying and navigation algorithms, focusing on improving pesticide
efficiency and coverage.

Summary of Methodology

This comprehensive methodology combines advanced hardware, intelligent control systems, and data-

driven decision-making to enable efficient and precise pesticide spraying. By leveraging real-time data and
adaptable algorithms, the Smart Pesticide Spraying Robot is designed to optimize pesticide use, enhance crop health,
and achieve fully autonomous operation. Field testing provides insights into performance, further refining the
robot’s systems for real-world agricultural applications.

3.5 Field Testing

To validate its functionality, field tests were conducted in different agricultural plots. Parameters such as

pesticide usage, pest control effectiveness, and area coverage were recorded and analyzed.

A) DESCRIPTIONOFPROPOSEDSYSTEMCOMPONENTS
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Fig 3: Block Diagram

The novel spraying rover in the suggested system is operated by a specific Android application. Through
the use of an HCO05 Bluetooth module, this program establishes a connection with the rover, enabling smooth
hardware component administration. Four brushless DC motors installed on the rover are managed by an L293D
motor driver. The motor driver employs gate driver MOSFETS to control the motors' rotation and operation. These
motors are powered by a 12V battery. The rover is equipped with servo motors that are intended to control the
spraying apparatus in addition to DC motors. These servos are exact actuators that regulate the sprayer's angle and
motion to ensure that insecticides are applied precisely. In order to operate the rover's operations, the Adriano Uno
microcontroller communicates with the Android app through receiving and carrying out commands. The system
includes a 6V pump for dispersing pesticides, which is managed by the Arduino with the aid of a relay module and a
buck converter. A low-voltage signal from the microcontroller can control a high-voltage pump circuit through the
relay, which functions as an electrically controlled switch. The pump and other components can operate at a lower
voltage thanks to the buck converter, which reduces the 12V battery voltage. Depending on the conduction state of
the MOSFET, it modifies how the circuit operates. When the MOSFET is active, current flows through the inductor,
transferring energy to the capacitor while maintaining the diode's off position and lowering the inductor's current.

The rover also has temperature and humidity sensors to keep an eye on the weather before applying
pesticides. With this feature, the robot can optimize resource utilization and ensure effective and efficient pest
management by adjusting its spraying activities based on real-time environmental data. This block diagram
illustrates the communication flow between the various components. The Android app uses the HC-05 Bluetooth
module to send signals to the Arduino UNO for communication. Servo motors are in charge of the pesticide
spraying system, and brushless DC motors are controlled by the Arduino for robot navigation. The system can
operate on a 12V battery thanks to the buck converter, which lowers the voltage for the pump and sensors. The
entire control mechanism is shown in this block diagram, which focuses on precise pesticide spraying and
navigation.
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Fig 4: Mobile Application GUI
B) WORKINGOFROBOT
The farmer must take the following actions prior to starting the robotic system's pesticide spraying process:

To prepare the pesticides, add the required amount of chemicals to the pesticide tank.

Turn on the Spraying Rover: Launch the rover to get it ready for use.

Open the Android application and log in: Open the specific app that is used to operate the robot.

To establish a Bluetooth connection, pair the robot and the Android application.

Give Instructions: Utilize the app to give the rover operational instructions.

Navigate the Field: Go where the rover needs to go in the field.

Adapt the Sprayer Direction: To get the best possible coverage, adjust the sprayer's direction as necessary.
Handle the Sprayer/Pump: Use the app to turn on and off the sprayer and pump.

Recharge the Battery: To ensure continuous operation, make sure the battery is charged.
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The robot is controlled by an loT-enabled Android application and is intended for use in agriculture. It moves
using DC motors that are electronically controlled by an Arduino UNO board and an L293D motor driver. By
receiving signals from the Android app and forwarding them to the Arduino, which controls the motor functions, the
HC-05 Bluetooth module makes communication easier. The rover can move around adequately thanks to the DC
motors, which have a normal speed of 300 rpm. The Adriano UNO, which receives commands from the operator's
smartphone, is connected to the Bluetooth module. A 6V pump-powered pesticide spraying mechanism is part of the
system. It is triggered by a relay switch that manages the high-voltage circuit. The robot's efficacy in the field is
increased by this configuration, which permits the controlled and efficient administration of pesticides.

The low-cost agricultural robot includes a range of features such as pesticide spraying and field navigation, all
controlled through a Bluetooth module coupled to an Android application. This design enhances user ease and
efficiency while lowering operating expenses for managing agricultural chores.

4, RESULTS AND DISCUSSION
4.1 Pesticide Efficiency

The Smart Pesticide Spraying Robot achieved a 30% reduction in pesticide usage compared to traditional
methods. The variable-rate mechanism applied pesticides only when pests were detected, significantly reducing
wastage.
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4.2 Crop Health Impact

By avoiding over-spraying, crop health showed improvement, with reduced instances of phytotoxicity and
higher yields. The robot demonstrated a 95% accuracy in pest detection, effectively minimizing crop damage
without excessive pesticide application.

4.3 Autonomous Navigation Performance

The robot successfully navigated fields with minimal human intervention. Using a combination of LiDAR
and GPS, the robot avoided obstacles, adjusting its path dynamically in real-time.

4.4 Limitations
While the robot performed effectively, certain limitations were observed:

1. The high cost of sensors and advanced hardware limits accessibility for small-scale farmers.
2. Dense vegetation and adverse weather conditions impacted the accuracy of certain sensors, especially in
multispectral imaging.

This agricultural vehicle, which offers efficiency and user-friendliness, is a noteworthy development in farm
gear. Its adaptability across different agricultural settings is enhanced by its ability to easily navigate a variety of
terrains and soil types. An easy-to-use Android application controls all of the robot's functions, including mobility
and pesticide application. The robot's simplified control mechanism makes it easier for farmers to maneuver the
vehicle with less effort. The program, which was created with MIT App Inventor, offers simple control over the
robot's capabilities, such as focused pesticide application and accurate navigation. This function reduces direct
contact with potentially hazardous chemicals by allowing farmers to perform spraying operations from a safe
distance. By changing a typically laborious and complex operation into an automated one, the robot greatly
minimizes the labor involved. In addition to making the work easier to do, this automation promotes a wider use of
contemporary farming methods, which may draw more people to the agricultural industry.

4.5 Sprinkling Robot

The sprinkling robot is an automated technology that was developed to boost agricultural irrigation output.
Through the use of a Bluetooth module and an Android application, the robot's Arduino UNO microprocessor
manages a number of its functions. Brushless DC motors power its movement, servo motors control the sprinkling
nozzle, and a 6V or 12V pump applies water or insecticides. The relay module controls the pump, and a buck
converter steps down the battery voltage to other components. Temperature and humidity sensors also provide real-
time environmental data to optimize spraying. This technique improves total crop management efficiency, reduces
manual labor, and increases precision.
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Fig 5: Sprinkling Robot
A) APPLICATIONS

a. Agricultural Fields: The robot's main application in farms and fields is accurate and effective
pesticide spraying, which improves crop protection and management.

b. Industrial Use: It is useful in business units and the hardware industry where automation is
required to increase operational efficiency and streamline procedures.

c. Gardening: By accurately and precisely applying pesticides and fertilizers, the robot can be used in
gardening applications to assist maintain healthy plants.

d. Public Property Maintenance: It ensures well-kept surroundings with a minimum of physical labor
in public areas like parks.

e. Automobile Industry: The robot's paint application skills are extended in the automobile industry,
resulting in uniform and superior vehicle finishes.

f.  Agricultural Security: The robot contributes to agricultural security by improving the accuracy of
pesticide application, successfully protecting crops from pests and illnesses.

5. CONCLUSION AND FUTURE WORK

This study presents a viable solution for precision pesticide application using a Smart Pesticide Spraying
Robot. The robot demonstrated efficiency in pesticide use, enhanced crop health, and autonomous navigation,
making it a suitable option for large-scale agricultural operations. By tackling important problems in pest control
management, environmental sustainability, and operational efficiency, the Smart Pesticide Spraying Robot created
in this study marks a substantial advancement in precision agriculture. With its sophisticated sensors, Al-powered
decision-making algorithms, and self-navigating system, the robot can precisely administer pesticides, identify pests,
and evaluate crop health all of which minimize negative environmental effects and chemical consumption.
According to field tests, the robot maintained efficient pest control while applying 30% less pesticide than
conventional spraying techniques. By applying pesticides only where they were needed, the variable-rate spraying
mechanism and adaptive decision module reduced the chance of pesticide runoff and conserved resources. The
navigation system demonstrated the robot's capacity to function with little assistance from humans by enabling
dependable operation even in challenging field situations. It was supported by GPS, LiDAR, and real-time obstacle
recognition.
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Future work will focus on:

1. Reducing hardware costs to make the technology accessible to smallholder farmers.

2. Integrating predictive analytics to anticipate pest outbreaks and adjust spraying schedules.

3. Enhancing sensor accuracy and robustness under varying environmental conditions.

REFERENCES

1. Balafoutis, A. T., et al. "Precision Agriculture Technologies." Computers and Electronics in Agriculture
175 (2020): 105593.

2. Perez-Ruiz, M., et al. "Automatic Spraying Robot for Selective Herbicide Application.” Agricultural
Engineering International: CIGR Journal 17.4 (2015): 49-58.

3. Zhang, Q., et al. "Design and Control of Field Robots for Crop Protection.” Computers and Electronics in
Agriculture 141 (2017): 15-21.

4. Balafoutis, A. T., et al. "Precision Agriculture Technologies Positively Contributing to GHG Emissions
Mitigation, Farm Productivity, and Economics.” Sustainability, vol. 9, no. 8, 2017, pp. 1339.

5. Perez-Ruiz, M., et al. "Automatic Spraying System for Precision Herbicide Application: Evaluating
Efficiency in Field Trials." Agricultural Engineering International: CIGR Journal, vol. 17, no. 4, 2015, pp.
49-58.

6. Zhang, Q., et al. "Agricultural Robots for Field Operations: Field Experiments and Implementation."
Computers and Electronics in Agriculture, vol. 163, 2019, pp. 104846.

7. Seggaard, H. T., & Olsen, H. J. "Model for Optimizing Herbicide Application under Different Weed
Densities in Agriculture.” Precision Agriculture, vol. 11, no. 6, 2010, pp. 597-611.

8. King, A. "Autonomous Robots for Agricultural Field Operations: Trends and Prospects.” Agricultural
Robotics, edited by M. Shearer, Cambridge University Press, 2019.

9. Hameed, I. A, et al. "A Survey on Intelligent Systems for Agriculture: How Artificial Intelligence and

Robotics are Transforming Precision Farming." Journal of Field Robotics, vol. 35, no. 7, 2018, pp. 1143-
1157.

Volume 26, Issue 11, November - 2024 62





