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Abstract—The integration of Unmanned Aerial Vehicles
(UAVs) in agriculture has significantly transformed
traditional farming practices by enabling improved
surveillance, reducing labor dependency, and
enhancing decision-making capabilities. This paper
presents the design and development of a quadcopter
drone system for real-time farmland monitoring, with a
specific focus on detecting cattle intrusions and
unauthorized human presence. The proposed system
employs a manually operated drone equipped with a
First Person View (FPV) camera and a computer vision
algorithm developed in Python for real-time object
detection. The implementation demonstrates the
feasibility of UAV-based surveillance in rural
agricultural environments, offering a cost-effective and
scalable solution for precision farming and farm
security.

1. INTRODUCTION

Modern agriculture is increasingly embracing
technology to improve productivity, security, and
sustainability. UAVs, or drones, have emerged as a
vital tool in this transformation, enabling applications
such as crop monitoring, soil analysis, and security
surveillance. One critical challenge faced by farmers
is unauthorized entry or intrusion by livestock into
sensitive areas, which can lead to crop damage and
financial losses. This research explores the use of a
drone-based system to autonomously detect such
intrusions, thereby reducing the need for constant
manual monitoring.

2. SYSTEM ARCHITECTURE

2.1 Drone Hardware Configuration

The drone platform used in this study is a quadcopter
featuring a lightweight carbon fiber frame for
durability and flight efficiency. It is powered by four
brushless DC motors and regulated by Electronic
Speed Controllers

(ESCs). A Betaflight-configured flight controller
ensures flight stability and maneuverability. The
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drone is manually piloted using a Radiomaster
TX16S transmitter, providing precise control during
navigation.

2.2 Onboard Video System

An FPV (First Person View) camera is mounted on
the drone, providing live video feed during flight.
This video is wirelessly transmitted to a ground
station or FPV goggles for visual monitoring. The
video stream serves as the input for subsequent object
detection processing.

3. COMPUTER VISION-BASED OBJECT
DETECTION

3.1 Algorithm Development

The core innovation in this project is a computer
vision algorithm implemented in Python, which
performs object detection on the live video feed. The
algorithm utilizes pretrained convolutional neural
networks (CNNs) such as YOLO (You Only Look
Once) or SSD (Single Shot Detector), trained on
datasets containing images of cattle and humans.

3.2 Real-Time Processing

The video feed is processed in real-time on a laptop
or desktop computer connected to the drone system.
Each frame is analyzed to detect the presence of
cattle or unauthorized humans. Upon detection, alerts
can be generated to notify the operator. Although
current implementation is offboard, the architecture
supports future integration with onboard processing
units for autonomous operation.

4. FLIGHT CONTROL AND DYNAMICS

The drone's flight is governed by Newtonian
mechanics, with stabilization provided through
onboard

gyroscopes and feedback from inertial measurement
units (IMUs). ESCs ensure consistent motor
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response, while telemetry data offers real-time
feedback on altitude, speed, battery status, and
positioning. These eclements enable precise
navigation and control over the drone's behavior
during surveillance operations.

5. MODULARITY AND FUTURE EXPANSION

The modular nature of the system allows for easy
integration of additional sensors, including:

Weather monitoring modules (temperature, humidity)
Soil condition sensors (moisture, pH)

Edge AI processors (e.g., NVIDIA Jetson Nano) for
onboard processing

This expandability makes the system suitable for a
broader range of smart farming applications beyond
intrusion detection.

6. RESULTS AND DISCUSSION

Initial field testing demonstrates the drone's ability to
effectively navigate farmlands and detect the
presence of cattle and humans with reasonable
accuracy under various lighting conditions. The use
of pretrained models ensures quick deployment;
however, performance can be further enhanced
sthrough custom dataset training and edge Al
integration. The system provides a scalable, low-cost
alternative to traditional farm surveillance methods.

7. CONCLUSION

This research presents a practical implementation of
drone-based surveillance for agricultural
environments,

focusing on cattle and human intrusion detection
using computer vision techniques. The system
provides a low-cost, efficient, and scalable approach
to enhancing farm security and monitoring. With
continued development, including edge computing
and autonomous flight, such systems can become
integral components of precision agriculture.
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