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ABSTRACT

Agriculture is undergoing a rapid digital transformation, yet many small-scale farmers are still excluded from its
benefits due to the high cost and complexity of modern monitoring technologies. Our Drone-Based Farm
Monitoring System addresses this gap by offering an affordable, practical, and scalable solution powered by the
compact yet powerful Raspberry Pi Zero 2W. This system transforms unmanned aerial vehicles from expensive,
specialized tools into accessible agricultural assistants. By providing a real-time “bird’s-eye view” of farmland,
the drone captures high-resolution aerial imagery and streams live video over a local Wi-Fi network, enabling
farmers to remotely inspect crop conditions without exhaustive manual scouting. Issues such as crop stress,
irrigation leaks, pest infestations, and uneven growth patterns can be detected early and addressed promptly.
Designed with efficiency and accessibility at its core, the system leverages lightweight hardware and the flexible
Raspberry Pi ecosystem to minimize costs while maximizing performance. The result is a significant reduction in
labor, improved monitoring accuracy, and enhanced field coverage. Ultimately, this drone-based solution
empowers farmers to make timely, data-driven decisions, increase productivity, and adopt more sustainable
agricultural practices in an increasingly competitive global market.
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1. INTRODUCTION

For decades, agricultural monitoring has depended on manual field inspections—a labor-intensive and time-
consuming process often limited by human fatigue and observational errors. In an era where productivity,
sustainability, and timely decisions are critical, these traditional practices are no longer sufficient. Our project presents
an innovative approach to precision farming by integrating high-agility drones with advanced embedded systems to
deliver efficient and intelligent field monitoring. At the core of this system is the Raspberry Pi Zero 2W, a compact
yet powerful computing platform that acts as the drone’s control and processing unit. Its lightweight architecture
ensures smooth flight performance while enabling real-time image processing and high-speed wireless video
transmission. By converting routine aerial surveys into live diagnostic missions, the system provides farmers with
instant insights into crop health, irrigation issues, and pest activity. This transformation from manual scouting to smart
aerial surveillance empowers farmers with accurate, data-driven decision-making to improve yield, reduce labor, and
modernize agricultural management.

2. LITERATURE REVIEW

Although many UAV-based agricultural monitoring systems have proven effective, they often remain out of reach for
the average farmer due to high costs and technical complexity. Industrial-grade drones typically demand specialized
operators and significant financial investment, creating a persistent technology gap where innovation is needed most.
Our project challenges this status quo by harnessing the Raspberry Pi ecosystem as a powerful yet affordable
alternative. By eliminating unnecessary complexity and focusing on efficient hardware—software integration, we have
developed a system that delivers real-time monitoring and reliable data transmission without the enterprise-level
expense. Leveraging the Raspberry Pi’s versatile GPIO capabilities and strong processing performance, the drone
supports seamless aerial diagnostics while remaining lightweight and cost-effective. This approach democratizes
precision agriculture, transforming it from an exclusive advantage into an accessible solution. Ultimately, our work
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shifts the narrative from expensive machinery to intelligent affordability, making smart farming practical, scalable,
and achievable even on a student-friendly budget.

3.PROPOSED SYSTEM ARCHITECTURE AND HARDWARE DESIGN

At the core of our Drone-Based Farm Monitoring System lies a carefully engineered balance between power, control,
and intelligent processing. Energizing the entire platform is a high-capacity Li-Po battery, regulated to deliver stable,
surge-free power to every onboard component, ensuring reliable and uninterrupted operation during flight. The flight
controller functions as the drone’s sensory and stabilization hub—constantly interpreting pilot inputs, maintaining
balance, and coordinating the ESCs and brushless motors for smooth, precise manoeuvring across vast agricultural
fields. While the flight controller maintains physical stability, true intelligence resides in the Raspberry Pi Zero 2W.
Acting as the computational brain, it manages the high-definition camera module to capture detailed imagery of crop
canopies below. More than just an airborne camera, the drone becomes an active diagnostic system, processing visual
data and transmitting a real-time video feed through the Pi’s integrated Wi-Fi module.By strategically separating
flight stabilization from data processing, the architecture enhances efficiency, reduces system overload, and ensures
professional-grade performance. This modular and lightweight design demonstrates that advanced aerial surveillance
and real-time agricultural insights can be achieved affordably—transforming complex crop monitoring into a
practical, scalable solution for modern precision farming.

DRONE FARM MONITORING SYSTEM: BLOCK DIAGRAM

On-Ground >

N
Wi-Fi Network
> Voltage
Li-Po Battery Regulagtor Live v(i‘%??l:gtream
- R\
Propeller

Power In
MIPI CSI Raspberry Pi Flight "m_’m—»\
Camera Interface Zero 2W

Controller

:

Module (Controller & (Stabilization Fropeliel
Streaming) & Control

© il |- N\

. Propeller

M =0 g "o RN

Propellér

(Fig. 1 Block Diagram of Drone Farm Monitoring System)

3.1 Power Supply Components

1. Lithium-Polymer (Li-Po) Battery — Serves as the primary power source for the drone system, providing
lightweight and high energy density power suitable for aerial applications.

2. Power Distribution Board (PDB) — Distributes electrical power from the battery to the flight controller, motors,
and Raspberry Pi system safely and efficiently.

3. DC-DC Buck Converter — Regulates and steps down battery voltage to a stable 5V output required for the
Raspberry Pi Zero 2W and camera module.

3.2 Control and Processing Components

1. Raspberry Pi Zero 2W — Acts as the main processing unit for image acquisition, data processing, Al-based object
detection, and wireless communication.

2. Flight Controller (e.g., F4 / F7 based controller) — Controls drone stability, navigation, and motor speed using
sensor data from gyroscope and accelerometer.

3. Electronic Speed Controllers (ESCs) — Regulate motor speed based on signals received from the flight controller.
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3.3Sensing and Imaging Components

1. OV5647 5MP Camera Module (with IR-Cut) — Captures high-resolution images and real-time video for farm
monitoring and object detection.

2. GPS Module — Provides real-time location tracking and geographical tagging of captured farm images.

3. Ultrasonic / Altitude Sensor — Measures height from the ground to maintain stable flight during monitoring
operations.

3.4 Communication Components

1. Wi-Fi Module (Built-in Raspberry Pi Zero 2W) — Enables wireless transmission of live video feed and
detection reports to a remote monitoring system.

2. Remote Controller / Ground Station — Allows manual drone control and monitoring through a
smartphone or computer interface.

3.5 Al and Software Components

1. TensorFlow Lite Model — Performs lightweight object detection directly on the Raspberry Pi for identifying
animals, vehicles, and humans in farm areas.

2. Python-Based Detection Script — Processes captured frames, runs Al inference, and generates detection results.

3. Web Dashboard / VLC Streaming Interface — Displays live camera feed and detected object information to the
user.

3.6 Mechanical Components

1. Drone Frame (Quadcopter Frame) — Provides structural support for mounting motors, battery, Raspberry Pi,
and camera module.

2. Brushless DC Motors — Generate thrust required for flight.

3. Propellers — Convert motor rotation into lift for aerial movement.

4. Landing Gear — Ensures safe take-off and landing operations.

4. METHODOLOGY AN EXPERIMENTAL SETUP

The experimental setup is built around a high-efficiency aerial platform engineered specifically for real-time
agricultural diagnostics. At its core, a high-discharge Li-Po battery powers the system, with a precision voltage
regulator maintaining a stable 5V supply to the Raspberry Pi Zero 2W, preventing performance drops or logic resets
during high-drain flight manoeuvres. Acting as the central data hub, the Raspberry Pi interfaces with a high-definition
camera module to capture detailed top-down RGB or multispectral imagery of the crop canopy. The methodology
follows a structured survey pattern, where the drone flies at a fixed altitude to maintain consistent image resolution
and field coverage. As the drone traverses the farmland, captured video is compressed and transmitted through a
low-latency Wi-Fi connection to a ground station. This enables real-time monitoring and rapid identification of crop
stress, nutrient deficiencies, or irrigation anomalies. By converting aerial imagery into immediate insights, the system
eliminates time-consuming manual scouting and transforms raw data into actionable agricultural intelligence.

5. DESIGN ANALYSIS AND EXPECTED OUTCOMES

The Drone-Based Farm Monitoring System is designed to close the gap between advanced aerial surveillance and
affordable agricultural management. Built on a lightweight quadcopter frame, the platform uses high-torque
brushless DC motors and a high-density Li-Po battery to achieve an optimal power-to-weight ratio, enabling stable
flight and extended endurance over large farmlands. This robust yet efficient design ensures maximum field
coverage with minimal energy consumption.At the heart of the system lies the Raspberry Pi Zero 2W, serving as the
intelligent processing unit. Equipped with the OVV5647 camera module and powered by TensorFlow Lite, the drone
performs real-time image analysis directly onboard. This enables autonomous detection and classification of
unauthorized human presence, stray animals, or suspicious vehicles—without relying on cloud processing or
experiencing network latency. Integrated Wi-Fi allows seamless transmission of live video, telemetry data, and
detection alerts to a ground station for immediate response. The expected impact is significant: automated security
monitoring, rapid aerial coverage that replaces hours of manual scouting, and a scalable architecture ready for GPS
navigation, thermal imaging, or pesticide spraying integration. By combining budget-friendly hardware with
optimized Al models, this system empowers farmers with a practical, professional-grade precision agriculture
solution.
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6. CONCLUSION

The development of this Drone-Based Farm Monitoring System marks a significant advancement in democratizing
precision agriculture by combining the compact processing capabilities of the Raspberry Pi Zero 2W with agile UAV
technology to deliver affordable, high-performance aerial surveillance. This project shifts farm management from
traditional, labor-intensive manual scouting to a proactive, data-driven digital approach that enhances decision-making
and operational control. By offering low-latency, real-time monitoring, the system provides farmers with an immediate
aerial perspective of large-scale fields, significantly reducing the time, cost, and physical effort required for routine
inspections. Beyond surveillance, the platform establishes a modular and scalable foundation for future Smart Farming
innovations, enabling integration of advanced analytics, automation, and intelligent intervention systems. Ultimately,
this cost-effective solution empowers farmers with actionable insights to optimize crop health, strengthen farm
security, improve productivity, and promote sustainable agricultural practices in an increasingly demanding and
technology-driven global landscape.
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