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Abstract: This project proposes an loT-based smart farming system that automates pesticide spray- ing and
crop health monitoring using a Raspberry Pi 4, Pi Camera, and YOLOVS object detection. The system
integrates an MPUG6050 for vehicle stability, a VL53L1X for precise spraying distance measurement,
and a GPS module for field mapping. Real-time data is processed on-device, reducing reliance on cloud
connectivity, while servo-controlled nozzles enable targeted spraying, achieving a 40% reduction in
chemical usage during trials. The system’s edge Al capabilities, cost-effectiveness, and open-source
framework make it a scal- able solution for precision agriculture, addressing challenges like pest-induced
crop losses and environmental degradation due to pesticide overuse.
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I. INTRODUCTION

1.1 Agriculture Challenges

Agriculture faces significant challenges in meeting global food demands while maintaining sus- tainability. According
to the Food and Agriculture Organization (FAO) in 2023, pests cause 20—40% of crop losses annually, threatening food
security as the global population approaches 9.7 billion by 2050. Traditional farming methods exacerbate these issues
through the overuse of pesticides, which often leads to soil and water contamination. For instance, excessive pesticide
application contributes to nitrate leaching, polluting groundwater and affecting ecosystems. Additionally, manual
spraying is labor-intensive, imprecise, and exposes farmers to harmful chemicals, posing health risks over time. These
challenges highlight the urgent need for au- tomated, precise, and environmentally friendly farming solutions to
enhance productivity and reduce ecological impact.

1.2 Proposed Solution

To address these challenges, we propose an autonomous farming robot that leverages IoT and computer vision for
automated pesticide spraying and crop monitoring. The system is built around a Raspberry Pi 4, which serves as the
central controller, and incorporates the following key components:

* Vision: A Pi Camera paired with YOLOv11 object detection identifies pests and diseases in real-time, achieving a
mean Average Precision (mAP@0.5) of 89% on a custom dataset of local crops.

* Spray Control: Servo motors adjust the nozzle angle based on distance readings from the VL53L1X Time-of-Flight
(ToF) sensor, ensuring precise pesticide application with a margin of error of +3 cm.

* Navigation: A GPS module provides waypoint-based navigation, guiding four DC gear motors controlled by L298N
drivers to cover the farm efficiently.

The system operates on Raspberry Pi OS, with Python scripts managing sensor data acqui- sition, processing, and
actuator control. By integrating these technologies, the robot reduces manual labor, minimizes pesticide waste, and
enhances crop health monitoring, contributing to sustainable farming practices.
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1.3 Innovation

The proposed system introduces several innovations that distinguish it from existing solutions. First, its use of edge Al
with YOLOVI11 eliminates the latency associated with cloud-dependent systems, enabling real-time decision-making
critical for dynamic farm environments. Unlike

cloud-based setups that require constant internet connectivity—often unreliable in rural areas— our system processes
data on-device, ensuring operational reliability. Second, the system is built using open-source tools, including
YOLOvV11 for object detection and Raspberry Pi OS as the operating system, significantly reducing costs. The total
hardware cost is under $300, making it accessible for small and medium-scale farmers. Finally, the integration of
multiple sensors (vision, distance, motion, and GPS) into a cohesive system provides a holistic approach to farm
management, addressing both pest control and navigation challenges in a single platform.

II. LITERATURE SURVEY
The adoption of technology in agriculture has gained momentum in recent years, with several studies exploring
automation and IoT for smart farming. This section reviews key contributions and identifies gaps that our system
addresses.
Patel et al. (2022) developed a drone-based spraying system that uses aerial imagery to identify areas requiring
pesticide application. Their system achieved a 30% reduction in pesticide usage by targeting specific zones, but the
high cost of drones (approximately $5,000 per unit) makes it impractical for small-scale farmers. Additionally, drones
have limited battery life (typically 20-30 minutes), requiring frequent recharging and interrupting operations. In
contrast, our ground-based robot, costing less than $300, offers a more affordable and sustainable solution. By using a
Raspberry Pi 4 and edge Al, we achieve similar precision in spraying while extending operational time to 6 hours per
charge, making it suitable for continuous field use.
Kumar et al. (2021) proposed an IoT-based system for soil monitoring, integrating sensors for moisture, temperature,
and humidity to optimize irrigation. While effective for resource man- agement, their system lacks pest detection
capabilities, leaving a critical aspect of crop health unaddressed. Our system builds on this foundation by incorporating
computer vision with YOLOv11, enabling real-time pest and disease detection alongside environmental monitoring.
This holistic approach ensures comprehensive crop health analysis, combining soil data with visual inspections to
provide actionable insights for farmers.
Other studies, such as those by Redmon et al. (2023) on YOLOv11, have advanced object de- tection in agriculture,
achieving high accuracy in identifying crops and pests. However, these models are often tested on high-end hardware,
not resource-constrained devices like the Rasp- berry Pi 4. Our work adapts YOLOv11 for edge deployment, achieving
8 frames per second
(FPS) on a 1GB RAM configuration, demonstrating its feasibility for low-cost platforms. Ad- ditionally, while previous
systems focus on either spraying or monitoring, our system integrates both functionalities, using sensor fusion (vision,
distance, and motion) to enhance precision and reliability in diverse farm conditions.
The literature highlights a gap in affordable, integrated solutions that combine pest detection, precise spraying, and
autonomous navigation. Our system addresses this gap by leveraging edge AI, open-source tools, and low-cost
hardware, making smart farming accessible to a wider range of farmers while maintaining high performance.

II1. SYSTEM DESIGN

3.1 Architecture

The system follows a three-layer architecture: Data Acquisition, Processing, and Actuation, as illustrated in Figure 1.
The Data Acquisition layer collects real-time data from sensors, including the Pi Camera for visual input, VL53L1X for
distance measurement, MPU6050 for motion data, and GPS for location tracking. The Processing layer, hosted on the
Raspberry Pi 4, runs YOLOv11 for object detection, processes sensor data, and makes decisions for navigation and
spraying. The Actuation layer executes commands through servo motors for nozzle control and DC motors for
movement, ensuring targeted pesticide application and efficient field coverage.
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3.2 Hardware

The hardware setup is designed for cost-effectiveness and reliability in farm environments. Key components include:
Raspberry Pi 4: The central controller, featuring a quad-core Cortex-A72 processor and 1GB RAM, runs YOLOvI11 at
8 FPS for real-time object detection. It interfaces with sensors via 12C, UART, and CSI protocols, and controls
actuators using GPIO pins.

Sensors:

* VL53L1X: A Time-of-Flight sensor with a range of 30 cm to 4 m, used to measure the distance to crops for precise
spraying. It provides a resolution of 1 mm and operates at 3.3V, compatible with the Raspberry Pi.

* MPU6050: A 6-axis IMU that measures acceleration and angular velocity, stabilizing the vehicle on uneven terrain. It
corrects tilt within +3° by adjusting motor speeds, ensuring consistent operation.

* Pi Camera: Captures images at 1080p resolution, feeding them into YOLOvl1for pest and disease detection. It
connects via the CSI interface for high-speed data transfer.

* GPS Module: Provides location data via UART, enabling waypoint-based navigation with an accuracy of 2 m.

Actuators:

* Servo Motors: Two SG90 servos with 180¢ rotation control the spray nozzles, adjusting angles based on VL53L1X
distance readings for targeted application.

* DC Motors: Four 100 RPM DC gear motors, driven by L298N motor drivers, provide movement. The L298N
supports bidirectional control and PWM for speed regulation, ensuring efficient navigation across the farm.

The hardware components are integrated to form a cohesive system, balancing performance and cost while addressing
the challenges of farm automation.

IV.IMPLEMENTATION
4.1 YOLOv11 Training
The YOLOvVI11 model was trained to detect pests and crop diseases using a custom dataset of 2,000 images collected
from local farms in Chennai. The dataset includes images of healthy crops and those affected by common pests like
aphids and diseases like blight, captured under varying lighting conditions to ensure robustness. Images were annotated
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with bounding boxes and labels using an open-source tool, Labellmg, and split into 80% training, 10% validation, and
10% testing sets.

Training was performed on the Raspberry Pi 4 using TensorFlow Lite for edge compatibility. The model was trained
for 50 epochs with a batch size of 8, using the Adam optimizer and a learning rate of 0.001. Data augmentation
techniques, such as random flips, rotations, and brightness adjustments, were applied to improve generalization. The
trained model achieved a mean Average Precision (mAP@0.5) of 89% on the test set, demonstrating high accuracy in
identifying pests and diseases. Inference on the Raspberry Pi 4 runs at 8 FPS, suitable for real-time crop monitoring
during navigation.

4.2 Motor Control

The motor control logic integrates data from YOLOv11 and VL53L1X to achieve precise spraying. When YOLOv11
detects a plant the VL53L1X measures the distance to the target crop. The spray pump is then activated for a controlled
duration to minimize chemical usage. This will reduce the wastage by skiping the place where crops not presents.

The ‘map‘ function linearly maps the measured distance (10 cm to 50 cm). The pump operates for 2 seconds per
activation, delivering a controlled amount of pesticide. The DC motors, controlled via the L298N driver, adjust speed
and direction based on GPS waypoints, ensuring the robot covers the farm systematically while avoiding obstacles
detected by the VL53L1X.

4.3 Power Management

Power management is critical for field operations. The system is powered by a 12V lithium-ion battery, which supplies
the DC motors and L298N drivers directly. A buck converter steps down the voltage to 5V for the Raspberry Pi 4, Pi
Camera, and sensors (VL53L1X, MPU6050, GPS). The servo motors also operate at 5V, drawing power from the same
regulator. Total power consumption is approximately 15W during operation, with the battery providing 6 hours

of continuous use on a single charge. To prevent overheating, a small heatsink is attached to the Raspberry Pi 4, and the
L298N driver is equipped with a cooling fan. Future iterations will explore solar charging to extend operational time in
remote areas.

V.RESULTS
5.1 Performance Metrics
The system was evaluated through field tests in a l-acre farm, focusing on pest detection, spray precision, and
operational efficiency. Key performance metrics are summarized in the table below:
Table 1: Performance Metrics of the Smart Farming System

Parameter Value
Pest Detection Accuracy 89% (YOLOv11)
Spray Precision 43 cm (VLS3L1X + servos)
Battery Life 1 hours continuous
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The YOLOvI1 model achieved a pest detection accuracy of 89%, correctly identifying pests like aphids and diseases
like blight in real-time. The spray precision, measured as the deviation from the target area, was within +3 cm, thanks to
the VL53L1X sensor’s accurate distance readings and the servo motors’ precise angle control. The battery life of 6
hours allows for extended field operations, covering approximately 0.8 acres per charge at a speed of 0.5 m/s.
Additionally, the system reduced pesticide usage by 40% compared to manual spraying, as it targets only affected areas,
minimizing waste and environmental impact.
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VI. CONCLUSION

This project presents a cost-effective smart farming system for automated pesticide spraying and crop monitoring, built
at a total hardware cost of less than 20000. By leveraging IoT, computer vision, and edge Al, the system addresses key
agricultural challenges, including pest- induced crop losses and pesticide overuse. The integration of a Raspberry Pi 4,
Pi Camera, and YOLOv11 enables real-time pest detection with 89% accuracy, while the VL53L1X and servo motors
ensure precise spraying within £3 cm. The system reduces pesticide usage by 40% compared to manual methods,
promoting environmental sustainability. Additionally, a GSM module provides real-time crop health alerts to farmers,
enhancing decision-making.

Future work will focus on enhancing the system’s capabilities through solar charging for ex- tended operation in remote
areas and exploring swarm robotics for scalability on larger farms. Incorporating additional sensors, such as soil
moisture and weather monitors, could further im- prove its utility for comprehensive farm management. This system
demonstrates the potential of affordable automation to transform agriculture, making precision farming accessible to
small and medium-scale farmers.
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