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Abstract: The Electronic Stability Program 32 Spy (ESP32 Drone) is a low-cost, wireless-enabled
unmanned aerial vehicle (UAV) designed using the ESP32 microcontroller. The system focuses on
achieving real-time flight stabilization through sensor fusion and PID-based control algorithms. By
integrating IMU sensors, GPS modules, and wireless communication technologies such as Wi-Fi and
Bluetooth, the drone ensures stable flight, remote monitoring, and telemetry transmission.

The project aims to provide an affordable alternative to traditional flight controllers while maintaining
reliable performance. The implementation includes real-time sensor processing, motor speed control
through ESCs, and wireless communication for monitoring and control. This system is suitable for
educational, research, and loT-based drone applications..
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L. INTRODUCTION
Unmanned Aerial Vehicles (UAVs) are increasingly used in surveillance, agriculture, environmental monitoring, and
research. Traditional drones rely on specialized flight controllers, which are often expensive and complex.
The ESP32 microcontroller offers an alternative solution due to its dual-core processor, built-in Wi-Fi and Bluetooth,
and cost-effectiveness. By integrating IMU sensors (gyroscope and accelerometer), GPS modules, and ESC-controlled
brushless motors, the system forms a compact yet powerful flight controller.
The Electronic Stability Program 32 Spy drone focuses on maintaining flight stability using real-time sensor data and
PID control algorithms. The project emphasizes modularity, scalability, and wireless monitoring.

II. LITERATURE REVIEW
Various research studies have explored drone stabilization techniques using microcontrollers and sensor fusion
methods.
PID-Based Flight Control Systems
Many drone systems implement PID (Proportional-Integral-Derivative) algorithms for roll, pitch, and yaw
stabilization. These controllers continuously adjust motor speeds based on sensor feedback.
Sensor Fusion Techniques
Researchers use complementary filters and Kalman filters to combine gyroscope and accelerometer data, reducing
noise and drift.
ESP32-Based Drone Research
The Espressif Systems introduced the ESP-Drone platform, demonstrating the feasibility of ESP32-based flight
controllers. These systems support wireless telemetry and auto-leveling features.
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Wireless Drone Communication

Studies highlight the advantages of Wi-Fi, Bluetooth, and ESP-NOW protocols for real-time telemetry and parameter
tuning.

The literature confirms that ESP32 is a feasible platform for low-cost drone stabilization systems.

I11. EXISTING SYSTEM
The existing drone systems mainly use dedicated flight controllers such as PX4 and Betaflight. These controllers are
specifically designed for high-performance UAV applications and include advanced real-time processing capabilities,
optimized sensor fusion algorithms, and precise motor control systems.
They typically use high-speed processors with real-time operating systems to execute fast control loops (up to 1-8
kHz), ensuring accurate stabilization.
Advanced filtering techniques like Kalman filters and complementary filters are used to reduce sensor noise and
improve flight accuracy. These systems also support GPS navigation, altitude hold, return-to-home functions, and
autonomous flight modes.

IV. PROPOSED SYSTEM

The proposed system introduces a low-cost drone flight controller built around the ESP32 microcontroller. Unlike
traditional systems that rely on dedicated flight controllers, this design utilizes the ESP32’s dual-core processor, built-in
Wi-Fi, and Bluetooth to manage stabilization, communication, and telemetry within a single compact module.
The system integrates an IMU sensor (gyroscope and accelerometer), optional GPS and barometer modules, and
Electronic Speed Controllers (ESCs) for motor control. Real-time sensor data is processed using PID control algorithms
to maintain roll, pitch, and yaw stability. Sensor fusion techniques such as complementary filtering are implemented to
reduce noise and improve attitude estimation accuracy.
Wireless communication enables remote control, live telemetry monitoring, and real-time tuning of flight parameters
without additional hardware modules. The architecture is modular and scalable, allowing easy integration of extra
sensors or loT-based cloud connectivity.
Compared to existing high-end controllers, the proposed system focuses on:

e  Cost-effectiveness

e Simplicity in design and configuration

e Educational and research usability

e Integrated wireless communication

e Flexible and customizable firmware
Thus, the proposed ESP32-based system provides a practical, affordable, and scalable solution for stable drone
operation in academic and experimental environments.

V.METHODOLOGY

The methodology consists of the following stages:
1. Component Selection

e ESP32 development board

e  Brushless motors

e  Electronic Speed Controllers (ESCs)

e IMU sensor (MPU6050/MPU9250)

e  GPS module (optional)

e Li-Po battery
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2. Hardware Integration
e  Mounting components on frame
e Power distribution setup
e  Proper sensor placement

3. Firmware Development
e  Programming ESP32 using Arduino IDE / ESP-IDF
e PWM motor control
e Sensor data acquisition

4. Sensor Calibration
e  Gyroscope calibration
e  Accelerometer bias correction
e Noise reduction using filters

5. Flight Control Algorithm
e Implement PID control loops
e  Sensor fusion implementation
e  Motor speed correction

6. Wireless Communication Setup
e Remote control via Wi-Fi
e Telemetry monitoring
e Real-time parameter tuning

VI. FUTURE SCOPE
1. Integration of Artificial Intelligence for Obstacle Avoidance
Al algorithms can enable the drone to detect and avoid obstacles automatically in real time. This improves safety,
autonomy, and adaptability in complex environments.
2. Vision-Based Navigation Using Camera Modules
Camera integration with computer vision techniques allows object tracking and path detection. This enables intelligent
navigation without complete dependence on GPS.
3. Swarm Drone Coordination
Multiple ESP32 drones can communicate and perform coordinated tasks as a swarm. This is useful for large-area
surveillance, search operations, and mapping.
4. Cloud-Based Telemetry Logging (IoT Integration)
Flight data can be transmitted to cloud platforms for real-time monitoring and storage. This supports remote
supervision, analytics, and system performance tracking.
5. Improved Battery Optimization Techniques
Advanced power management strategies can increase flight time and efficiency. Smart energy monitoring can reduce
overheating and unnecessary power consumption.
6. Secure Communication Protocols
Implementing encryption and authentication methods can prevent unauthorized access. This ensures safe and reliable
wireless control and data transmission.
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7. Agricultural and Environmental Monitoring Applications

The drone can be equipped with sensors for crop health analysis and environmental data collection. This supports
precision agriculture and ecological research.

With continuous improvements in embedded systems and IoT technologies, ESP32-based drones can evolve into
efficient and affordable UAV solutions.

VII. CONCLUSION
The Electronic Stability Program 32 Spy drone demonstrates that the ESP32 microcontroller can effectively function as
a low-cost flight controller. By implementing PID-based stabilization and sensor fusion techniques, the system achieves
reliable flight control.
Although it may not match the performance of high-end commercial controllers, it provides an affordable and flexible
platform for education, research, and IoT-based drone applications. The project proves that embedded wireless
microcontrollers can successfully power next-generation UAV systems.
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