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Abstract: First-Person View (FPV) drones have revolutionized aerial technology, offering immersive
piloting experiences, precise control, and a wide range of applications. This project focuses on developing
a next-generation FPV drone system equipped with real-time high-definition video transmission, ultra-low-
latency communication, and fully customizable flight controls. The drone integrates a high-resolution
camera (a smartphone), a robust wireless transmission system, and a responsive flight controller
supporting Betaflight, iNav, or ArduPilot firmware. Designed for racing, freestyle flying, autonomous
navigation, and professional applications, this drone offers advanced PID tuning, firmware updates, and
On-Screen Display (OSD) customization via wireless connectivity (Bluetooth/Wi-Fi). Performance
optimization is further enhanced through Blackbox log analysis. Additionally, mission planning capabilities
expand its utility for aerial photography, industrial inspections, and search-and-rescue operations. The
system features autopilot functionality, allowing the drone to autonomously navigate to user-selected
locations. A gimbal stabilization system, paired with a smartphone camera, ensures smooth video capture.
The camera supports live HD video transmission for FPV piloting while simultaneously recording high-
quality videos and photos, making it ideal for aerial photography and surveillance. The modular design
also enables Al-driven customizations, including object tracking, obstacle avoidance, and autonomous
flight optimizations. Furthermore, the drone can be adapted for delivery tasks by integrating a servo-
controlled crane mechanism for secure and precise payload handling. By leveraging cutting-edge flight
control technologies, Al integration, and mobile application support, this FPV drone redefines versatility
and performance, catering to both enthusiasts and professionals seeking a seamless, high-performance
aerial experience
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I. INTRODUCTION
First-Person View (FPV) drones have significantly transformed the world of aerial technology, providing users with an
immersive piloting experience and precise control. Unlike traditional drones, FPV drones allow pilots to see real-time
video from the drone’s perspective via a head-mounted display (goggles) or a mobile device, enhancing situational
awareness and maneuverability. These drones are widely used in applications such as drone racing, freestyle flying,
aerial photography, industrial inspections, and search-and-rescue operations. The primary advantage of FPV drones lies
in their real-time video transmission and low-latency communication, enabling precise movements even at high speeds.
Advanced FPV drones integrate powerful flight controllers like Betaflight, iNav, and ArduPilot, allowing users to fine-
tune their drone's performance with PID tuning, firmware updates, and On-Screen Display (OSD) customization.
Additionally, wireless connectivity via Bluetooth and Wi-Fi enhances usability, enabling remote configuration and
Blackbox log analysis for performance optimization. This project aims to develop a next-generation FPV drone system
with high-definition (HD) video transmission, autopilot capabilities, and Al-driven enhancements such as object
tracking and obstacle avoidance. A smartphone-based camera system paired with a gimbal stabilization mechanism
ensures smooth video capture, making the drone suitable for professional aerial photography and surveillance.
Furthermore, mission planning functionality allows for autonomous navigation to predefined lgocations, expanding its

usability beyond manual control. Additionally, this FPV drone incorporates modular des""‘@cﬂoﬂgﬁz‘ , enabling further
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customization for specific applications such as delivery services. By integrating a servo-controlled crane mechanism,
the drone can securely handle payloads for precision-based delivery tasks.With rapid advancements in drone
technology, this FPV drone project seeks to push the boundaries of aerial innovation by combining cutting-edge flight
control, Al integration, and mobile application support. It is designed to cater to both hobbyists and professionals
looking for a versatile, high-performance, and intelligent aerial system.

II. FUNDAMENTALS OF FPV DRONE TECHNOLOGY
1. Introduction to FPV Drones
First-Person View (FPV) drones provide a unique piloting experience by transmitting a live video feed from the drone’s
camera to a display device such as FPV goggles, a smartphone, or a monitor. Unlike traditional drones, where pilots
rely on line-of-sight control, FPV drones offer immersive real-time navigation, enabling precise maneuvering for
racing, freestyle flying, and professional applications.

2. Key Components of an FPV Drone
An FPV drone consists of several essential components that contribute to its performance and functionality:
e  Frame: The structural foundation of the drone, typically made of carbon fiber for durability and lightweight
performance.
e  Flight Controller (FC): The brain of the drone, processing inputs from sensors and the remote control to
stabilize and maneuver the drone. Popular firmware includes Betaflight, iNav, and ArduPilot.
e Electronic Speed Controllers (ESCs): Regulate the power delivered to the motors, enabling precise speed
control.
e  Motors and Propellers: Brushless motors drive the propellers, which generate lift and control movement.
e (Camera: Captures real-time video for transmission to the pilot. Cameras vary in resolution, field of view, and
low-light performance.
e Video Transmitter (VTX): Sends the camera’s live feed to the receiver (goggles or display). VTX power
output affects range and signal penetration.
e Radio Transmitter & Receiver: Provides communication between the pilot’s remote control and the drone.
Battery (LiPo): Powers the drone, with different voltages (3S, 4S, 6S) affecting flight time and performance.

3. FPV Transmission and Communication
FPV drones rely on low-latency video transmission for real-time control. Transmission systems include:
e Analog FPV (5.8GHz): Common in racing and freestyle drones, offering low latency but limited resolution.
e Digital FPV (DJI, HDZero, Walksnail): Provides higher resolution and clarity with lower interference but may
introduce slight latency.
e  Wireless connectivity via Bluetooth/Wi-Fi enhances drone configurability, allowing remote tuning, firmware
updates, and Blackbox log analysis for performance optimization.

4. Flight Modes and Control Systems
FPV drones support multiple flight modes, depending on pilot skill and application:
e  Acro Mode (Manual): No stabilization; full manual control for freestyle and racing.
e Angle Mode: Self-leveling mode, ideal for beginners.
e Horizon Mode: A mix of Acro and Angle mode, allowing flips while maintaining some stabilization.
e  GPS-Assisted Modes: Used in autonomous drones, enabling features like mission planning, return-to-home
(RTH), and waypoint navigation.

5. Autonomous Features and Al Integration
Modern FPV drones incorporate advanced autopilot functions and Al-driven features such as;
e Object Tracking: Enables the drone to follow a subject automatically.
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e Obstacle Avoidance: Uses sensors to detect and avoid obstacles in real-time.
e Autonomous Flight: Supports pre-programmed missions for tasks like mapping, industrial inspection, and
search-and-rescue operations.

6. Applications of FPV Drone Technology
FPV drones are used in a variety of fields, including:
e Drone Racing & Freestyle: Competitive racing leagues like the Drone Racing League (DRL) showcase high-
speed drone maneuvers.
e Aecrial Photography & Cinematography: FPV drones with stabilized gimbals capture dynamic, cinematic
footage.
e Industrial Inspections: Used in power line inspections, infrastructure monitoring, and agricultural surveillance.
e Search and Rescue: FPV drones assist in locating missing persons in hazardous environments.
e Delivery Systems: Experimental FPV drones integrate servo-controlled cranes for precise payload handling.

III. METHODOLOGY FOR FPV DRONE

The methodology outlines the step-by-step process of designing, developing, and testing the FPV drone using a
smartphone camera for real-time video transmission.
1. Hardware Setup
The FPV drone is built using carefully selected components for optimal performance:
1.1 Drone Frame & Components Selection

e Frame: Lightweight and durable carbon fiber frame (5-inch quadcopter).
Motors & ESCs:

e Brushless motors (e.g., 2207 2400KV) for efficient thrust.

e Electronic Speed Controllers (ESCs) (e.g., 30A—45A BLHeli_S) for motor control.
Propellers:

e Tri-blade 5-inch propellers for better maneuverability.

1.2 Flight Controller & Firmware

e  Flight Controller: Betaflight, iNav, or ArduPilot-supported board.

e Sensors: Built-in gyroscope, accelerometer, and barometer for stabilization.
Firmware Configuration:

e PID tuning for stability and responsiveness.

e Failsafe mechanisms to prevent crashes.

2. Smartphone FPV Camera Integration
A smartphone is used as the FPV camera instead of traditional analog/digital FPV cameras.

2.1 Camera Setup & Specifications
e Resolution & FPS: 1080p at 30/60fps for smooth video.
e Field of View: 75°-90° (depending on phone model).
e Low-Light Performance: {/1.8—{/2.2 aperture for better visibility.

2.2 Real-Time Video Transmission
e Connection Type: Wireless streaming over Wi-Fi/4G/5G.
Transmission Protocol:
e RTSP (Real-Time Streaming Protocol) for low-latency transmission.
e  WebRTC for browser-based streaming.

e  DroidCam/IP Webcam apps for converting a smartphone into an FPV camera. (£ 2
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Latency Optimization:
e Reducing resolution and bitrate to improve real-time video.
o Using 5GHz Wi-Fi for stable transmission.

3. Control System & Communication

3.1 Remote Control (RC) System

Transmitter & Receiver:
e 2.4GHz radio link using FrSky, FlySky, or Crossfire.
e  Option for Bluetooth joystick control via mobile app.

3.2 Flight Modes
e  Manual Mode: Direct control via an RC transmitter.
e Acro Mode: Allows freestyle/racing maneuvers.
e  Autonomous Mode: Using GPS waypoints for navigation (ArduPilot/iNav).

4. Software & Firmware Configuration
4.1 Flight Controller Firmware
e Betaflight/iNav/ArduPilot setup:
e  Gyro & accelerometer calibration for stable flight.
e  Failsafe setup to return to home (RTH) on signal loss.

4.2 Mobile Application Development
e  Mobile app integration for real-time telemetry and PID tuning.
e  Mission Planner setup for GPS-based autonomous navigation.

5. Testing & Performance Evaluation

5.1 Flight Testing
e Indoor & Outdoor Testing: Evaluating drone stability, speed, and maneuverability.
e Latency Testing: Measuring video delay in real-time transmission.
e  Battery Performance: Assessing flight time with and without video streaming.

5.2 Blackbox Log Analysis
e Reviewing flight logs to optimize PID tuning and motor efficiency.
e  Analyzing power consumption and temperature fluctuations in hardware.

5.3 Range & Transmission Quality
e Signal strength testing in different environments (urban vs. open fields).
e Interference analysis in Wi-Fi/4G/5G-based video transmission.

6. Future Enhancements
e Al-based object tracking for autonomous navigation.
e 5G-based ultra-low-latency video streaming for professional applications.
e Improved gimbal stabilization for smoother aerial footage.
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Just the frame kit,other accessories are not included.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-23723 :j“jﬁgg‘gﬁ ; 164

www.ijarsct.co.in




