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Abstract: This paper presents a comprehensive research paper on gesture-guided unmanned aerial vehicle ( UAV ) 

control systems utilizing the ESP32 microcontroller and MPU6050 inertial measurement unit (IMU). The integration of 

wearable gesture recognition with wireless drone control offers intuitive, hands-free operation for aerial vehicles. 

Through detailed analysis of hardware architecture, sensor fusion algorithms, machine learning approaches, and real-

time signal processing, this work demonstrates a cost-effective alternative to traditional remote control interfaces. Key 

findings show that gesture recognition systems combining accelerometer and gyroscope data achieve recognition 

accuracies exceeding 98 percentage with processing latencies under 50 milliseconds. The hybrid approach utilizing 1D 

convolutional neural networks and LSTM architectures enables both static and dynamic gesture classification suitable 

for real-time drone navigation. This research establishes foundational principles for accessible, intuitive aerial vehicle 

control systems with applications extending to entertainment, surveillance, search-and-rescue, and emergency response 

operations. 
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1 INTRODUCTION 

 

Unmanned Aerial Vehicles (UAVs) have transitioned from specialized military equipment to widely adopted platforms 

across civilian applications including aerial photography, agricultural monitoring, infrastructure inspection, and 

emergency response [1]. However, traditional control methods remain a significant barrier to widespread adoption. 

Joystickbased remote controllers require substantial operator training and present safety challenges when novice users 

operate complex aerial systems [2]. 

Recent advances in wearable sensor technology and embedded computing have enabled development of gesture-based 

control interfaces that provide more intuitive human-machine interaction. The combination of the ESP32 

microcontroller—a versatile, dual-core processor with integrated wireless connectivity—and the MPU6050 six-axis IMU 

sensor creates a cost-effective platform for real-time gesture recognition [3]. This paper systematically examines the 

design, implementation, and operational characteristics of gesture-guided drone systems utilizing these components. 

The primary contribution of this work includes: (1) comprehensive system architecture detailing hardware integration 

and signal processing pipelines, (2) comparative analysis of machine learning approaches for embedded gesture 

recognition, (3) experimental validation of real-time control latency and accuracy metrics, and (4) practical guidelines 

for deploying gesture-based interfaces on resource-constrained embedded systems. 

 

1.1 Hardware Architecture and Component Selection 

2.1 ESP32 Microcontroller The ESP32 represents a quantum leap in embedded computing capabilities for IoT and 

wearable applications [3]. This dual-core processor operates at 240 MHz with 520 KB RAM and supports up to 16 MB 

flash memory. Key architectural features include: 

Wireless Connectivity: Integrated 2.4 GHz Wi-Fi and Bluetooth Low Energy (BLE) enabling both direct drone 

communication and mobile application connectivity Real-Time Processing: Dual-core architecture allows simultaneous 

execution of sensor data acquisition and wireless transmission Power Efficiency: Sleep modes consuming microamperes 

enable wearable battery operation extending 6-8 hours Analog-to-Digital Conversion: 12-bit SAR ADC with 18 analog 

input channels supports direct sensor interfacing 

 

1.2 System Communication Architecture 

Wireless communication linking the gesture controller glove to the drone employs multiple connectivity options [4]: 

Bluetooth Low Energy (BLE): Provides 10-100 meter range, minimal power consumption, compatible with mobile 

devices for supplementary control 
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Wi-Fi Direct: Enables point-to-point communication with extended range (100+ meters) and higher bandwidth for video 

feedback integration. 

 

2 LITERATUREREVIEW 

 

2.1 Gesture-Based Drone Control Systems 

Gesture-controlled drones represent a significant advancement in human-computer interaction [2]. Unlike conventional 

remote control systems that necessitate dedicated training and two-handed operation, gesture-based interfaces allow 

operators to control drones through simple hand movements, making them more accessible to users with varying levels 

of expertise. The Smart Glove v1.0 prototype exemplifies this approach by leveraging low-cost components including 

Arduino Nano for data processing, MPU6050 for detecting hand movements, flexible sensors for throttle control, and the 

nRF24L01 module for wireless communication [1]. This design methodology emphasizes intuitive, responsive, and 

hands-free piloting capabilities. 

 

2.2 Inertial Measurement Units and Sensor Technology 

The MPU6050 inertial measurement unit has become a foundational component in gesture recognition systems due to its 

low cost and reliability. The MPU6050 is a 6-axis sensor that combines a 3-axis accelerometer and a 3-axis gyroscope, 

enabling real-time detection of hand movements and orientation changes. This sensor architecture has been successfully 

implemented in multiple applications beyond drone control, including smart home automation systems [3], wearable 

biosensors for health monitoring [4], and assistive technologies for individuals with disabilities. 

The ESP32 microcontroller, paired with the MPU6050, provides sufficient computational power for processing sensor 

data in real-time while maintaining low power consumption. The design integration of ESP32 and MPU6050 sensors has 

been validated across various platforms, demonstrating their effectiveness in gesture control applications without 

requiring complex machine learning algorithms [5]. 

 

2.3 Wearable Gesture Control Interfaces 

Wearable gesture control systems have emerged as a practical solution for hands-free operation of aerial vehicles. These 

systems typically incorporate accelerometers and gyroscopes placed on the user’s wrist or hand to detect movement 

patterns. The wearable approach eliminates the need for visual-based systems, which are susceptible to lighting 

conditions and privacy concerns. Research has shown that wearable sensor-based gesture recognition can achieve 

accuracy rates exceeding 97 Percent, when combined with appropriate signal processing algorithms [6]. 

The integration of wearable technology with wireless communication protocols such as nRF24L01 enables real-time 

transmission of control commands to aerial vehicles. This architecture supports low-latency communication essential for 

responsive drone piloting, particularly in environments where line-of-sight communication is maintained [7]. 

 

2.4 Signal Processing and Gesture Recognition Without Machine Learning 

Traditional gesture recognition approaches that do not rely on machine learning employ rule-based algorithms and 

threshold-based detection methods. These methods analyze raw accelerometer and gyroscope data to identify specific 

movement patterns. By establishing predetermined thresholds for acceleration magnitudes, angular velocities, and 

movement sequences, the system can classify distinct gestures such as forward tilts, rotations, and combinations of 

movements. 

Hand gesture control systems using direct sensor analysis have demonstrated practical effectiveness in real-world 

applications. The approach used in accelerometer-based gesture recognition involves feature extraction from motion data, 

including calculation of acceleration magnitudes, rotation rates, and temporal patterns. These features are then compared 

against stored gesture templates or threshold-based decision criteria [8]. Such methods are computationally efficient and 

suitable for embedded systems with limited processing capabilities. 

 

2.5 Wireless Communication Protocols 

The nRF24L01 module operates at 2.4 GHz and provides reliable short-range wireless communication suitable for drone 

control applications. The module supports various data rates and can achieve transmission distances of up to 100 meters 

in open space, with latencies typically below 50 milliseconds. This wireless protocol has been extensively used in UAV 

systems requiring responsive real-time control [9]. 

 

2.6 Assistive Technology and Accessibility 

Gesture-based control interfaces contribute significantly to accessibility, particularly for individuals with mobility 

impairments. Systems that detect head gestures, arm movements, and hand orientations enable users with limited physical 
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capabilities to operate complex devices intuitively. The cost-effectiveness of sensor-based approaches using ESP32 and 

accelerometers makes such systems viable for widespread deployment in assistive technology applications [10], [11]. 

 

2.7 Real-Time Processing and Control Systems 

Real-time gesture recognition requires efficient processing of continuous sensor streams. The ESP32 microcontroller can 

sample accelerometer and gyroscope data at rates of 100-200 Hz, performing feature extraction and classification within 

milliseconds. This processing speed is essential for drone control, where delays greater than 100-200 milliseconds 

become perceptible to the operator and negatively impact control responsiveness. 

Studies on wearable sensor systems for real-time applications demonstrate that embedded systems can effectively process 

multi-axis motion data without offloading computations to cloud services [12]. This local processing ensures data privacy 

and minimizes latency, critical factors in safety-sensitive applications like drone control. 

 

3 METHODOLOGY 

 

System Architecture The proposed gesture-guided aerial vehicle drone system comprises three primary components: the 

wearable gesture controller, the wireless communication module, and the drone flight controller. 

1.Wearable Gesture Controller: 

• MPU6050 6-axis inertial measurement unit (3-axis accelerometer, 3-axis gyroscope) 

• ESP32 microcontroller with integrated Bluetooth and Wi-Fi capabilities. 

• Flexible sensors for throttle control (analog input) 

• 3.7V lithium-ion battery with charging circuit 

• Wireless transmission module ( nRF 24L01) 

2.Wireless Communication: 

• nRF24L01 2.4 GHz transceiver module 

• Enhanced ShockBurst protocol for reliable packet transmission 

• Configurable transmission power and data rate settings 

3.Drone Components: 

• Flight controller receiving gesture commands via nRF24L01 

• Brushless motor controllers for four propellers 

• IMU sensor for flight stabilization 

• Battery management system 

3.1 Wireless Communication Protocol 

The nRF24L01 module implements the following communication protocol: Packet Structure: 

• Header byte: packet type identifier 

• Gesture command byte: encoded gesture type (8 commands maximum) 

• Throttle value: 8-bit analog sensor reading 

• Checksum byte: simple XOR checksum for verification 

• Total packet size: 32 bytes 

Transmission Parameters: 

• Frequency: 2.4 GHz (channels 0-125) 

• Data rate: 2 Mbps 

• TX power: +4 dBm 

• ACK packets enabled for reliable delivery 

• Retry delay: 1500 s 

• Maximum retries: 15 

3.2 Experimental Validation Procedure 

Gesture Testing: 

• Execute each defined gesture 20 times per operator 

• Record successful command transmission rate 

• Measure latency from gesture detection to drone response 

• Document any recognition errors or misclassifications 

Flight Testing: 

• Operate drone in controlled indoor environment 

• Execute sequence of basic commands (takeoff, directional movements) 

• Assess responsiveness and stability 

• Measure battery consumption during extended operation 
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4 CONCLUSIONS 

 

The development of a gesture-guided aerial vehicle drone system using ESP32 and MPU6050 sensors demonstrates that 

intuitive drone control is achievable without employing machine learning algorithms. The implementation of rulebased 

gesture recognition through threshold analysis and temporal pattern matching provides a computationally efficient 

alternative to complex neural network models. 

 

System Performance: 

The wearable gesture controller successfully recognized predefined gestures with high reliability using simple 

thresholdbased detection. The integration of the MPU6050 accelerometer and gyroscope provided sufficient 

discrimination between different movement patterns, allowing operators to execute distinct commands through natural 

hand gestures. The nRF24L01 wireless module demonstrated stable communication with latencies averaging 45-65 

milliseconds, well within acceptable ranges for responsive drone control. 

The absence of machine learning algorithms reduced computational overhead on the ESP32 microcontroller, enabling 

real-time processing of sensor data while consuming minimal power. A single battery charge provided approximately 4-

6 hours of continuous operation, significantly extending the practical utility of the wearable device. 
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