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Abstract: The Smart Glove is a wearable device that can translate hand gestures into text and audio by recognizing hand 

motions. It combines three MPU6050 sensors—each with an accelerometer and gyroscope—with an ESP32 microprocessor to 

precisely record the hand's dynamic movements. The ESP32 processes the sensor data to identify certain gestures, and then 

sends these signals to a mobile application. This program converts the movements into the relevant text and emits the content 

loudly while providing real-time feedback. By giving those with speech or hearing impairments a comfortable way to 

communicate, the Smart Glove aims to increase accessibility. This study shows how wearable technology can increase quality of 

life and human capacities using gesture recognition and processing techniques. 
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I. INTRODUCTION 

The combination of sophisticated sensor systems and wearable technologies has created new opportunities in recent years to 

enhance human-computer interaction. The creation of gesture-based user interfaces has been increasingly popular among these 

advancements, providing consumers with a more organic and intuitive means of interacting with technology. This tendency is 

embodied in a new wearable device called the Smart Glove, which uses numerous MPU6050 sensors and an ESP32 microprocessor 

to recognize and interpret hand motions. The design, use, and applications of the Smart Glove are presented in this study, with an 

emphasis on how it can enhance accessibility and promote smooth communication. 

The ability of the Smart Glove to capture and process intricate hand movements is the foundation of its usefulness. Each MPU6050 

sensor, which combines an accelerometer and gyroscope, is positioned over a hand's fingers to detect motion. The ESP32 

microcontroller functions as a processing unit, gathering input from sensors, identifying predefined gestures, and sending the 

gathered data to the mobile application. This mobile application speaks text to voice and gives you audible feedback right away. 

People with speech or hearing difficulties can greatly benefit from such a system by having a more effective means of 

communication. The Smart Glove's significance is a step toward more accessible and inclusive technology. The Smart Glove is an 

example of how mobile technologies can enhance social integration and quality of life by catering to the demands of impaired 

users. This study examines the Smart Glove's technological underpinnings, including sensor integration, data processing algorithms, 

and communication protocols. It also addresses the project's potential for use in the real world and its future. The findings 

emphasize how crucial it is for wearable technology to keep innovating in order to provide more responsive and adaptable user 

interfaces that cater to a variety of consumers. 

 

II. LITERATURE REVIEW 

 In recent years, there has been a great deal of study into the development of wearable technology for gesture detection, especially 

in relation to the creation of assistive devices for people with impairments. In the beginning, research concentrated on utilizing 

gyroscopes and accelerometers to record sensor motion data, which could subsequently be analyzed to identify particular motions. 

Several noteworthy instances include the Wii Remote and Microsoft Kinect projects, which use one or more accelerometers to 

detect simple hand movements. Although these systems showed that motion-based gesture detection was feasible, they frequently 

had issues with accuracy and real-time performance, especially when recognizing nuanced or complicated movements. 

The capabilities of gesture recognition systems have been significantly improved by developments in sensor technology and 

machine learning algorithms. The MPU6050 sensor, which combines an accelerometer and gyroscope, has gained popularity 

because of its capacity to deliver thorough motion data. These research have demonstrated that the accuracy and dependability of 

gesture detection and interpretation can be considerably improved by combining programming and sensor fusion techniques. 

There has also been a significant advancement in the integration of mobile applications with wearable gesture detection 

technologies.  
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Current research emphasizes how crucial real-time feedback and user-friendly interfaces are to enhancing these systems' usability. 

Cross-platform development frameworks have made it possible to create mobile apps that can interact with one another and give 

consumers instantaneous visual and audio feedback. Research has demonstrated how these integrated solutions improve 

accessibility for people with impairments and facilitate more efficient and natural communication. These developments highlight 

how wearable technology can revolutionize assistive devices by improving their functioning and making them more accurate, 

useful, and user-centered. 

 

III. METHODOLOGY 

A. System Architecture Diagram 

The system architecture of the Smart Glove integrates an ESP32 microcontroller, three MPU6050 sensors for motion detection, and 

a mobile application developed for effective communication. The ESP32 processes sensor data, executes gesture recognition 

algorithms, and communicates via Bluetooth with the mobile app, which displays recognized gestures as text and converts them to 

speech for real-time feedback. Sensor calibration software  

 
Fig 1: System Architecture of Smart Glove 

 

B. Block Diagram 

The block diagram of the Smart Glove system illustrates a structured approach to integrating hardware and software components for 

gesture recognition and communication. At its core, the system features an ESP32 microcontroller, which serves as the main 

processing unit. This microcontroller interfaces with three MPU6050 sensors strategically positioned on the glove to capture hand 

movements accurately. Each MPU6050 sensor integrates a gyroscope and accelerometer, enabling the detection of both rotational 

and linear movements of the hand. These sensors provide raw data on acceleration and angular velocity, which are crucial for 

gesture recognition. 

The ESP32 firmware, developed using the Arduino IDE, handles the sensor data processing, gesture recognition algorithms, and 

communication protocols. It processes the raw sensor data, applies noise filtering and sensor fusion techniques to integrate the 

accelerometer and gyroscope data, and implements machine learning algorithms for gesture classification. The firmware also 

manages Bluetooth communication with the mobile application, ensuring real-time transmission of gesture data. The mobile 

application, developed using a cross-platform framework like Flutter, receives the gesture data via Bluetooth. It displays the 

recognized gestures as text and converts them into audible speech using a text-to-speech engine, providing immediate feedback to 

the user. 

The communication protocols used in the Smart Glove system include Bluetooth for wireless communication between the ESP32 

and the mobile application, offering flexibility and mobility. Optionally, Wi-Fi can be used for faster communication speeds and 

extended range. Serial communication is used during debugging and initial setup phases to facilitate communication between the 

ESP32 and a computer. The system is designed to be user-friendly, with a clear and intuitive interface on the mobile application for 

gesture visualization and customization. Integration and testing procedures ensure that the Smart Glove performs reliably under 

various conditions, including different hand sizes, lighting environments, and gesture speeds. User feedback is incorporated to refine 

the system, making it more effective for individuals with speech or motor impairments, enhancing their ability to communicate and 

interact with their environment. 
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Fig 2: Block Diagram of Fan Cleaning System 

 

The methodology for developing the Smart Glove involves a systematic approach to hardware and software integration, sensor 

calibration, gesture recognition, and testing. 

Firstly, the hardware design phase begins with the selection and integration of components. The Smart Glove utilizes an ESP32 

microcontroller as the central processing unit, along with three MPU6050 sensors placed strategically on the glove— one on the 

back of the hand and two on different fingers. These sensors are crucial for capturing comprehensive hand movements, integrating 

both gyroscope and accelerometer functionalities. The hardware assembly ensures that the sensors are securely attached to the 

glove while maintaining comfort and mobility for the user. The power supply, typically a rechargeable battery, provides the 

necessary electrical power to sustain operation. 

Secondly, the software development phase encompasses the creation of both firmware for the ESP32 and a mobile application. The 

ESP32 firmware, developed using the Arduino IDE, is responsible for reading and processing data from the MPU6050 sensors. 

This includes filtering noise from raw sensor data, normalizing readings, and employing sensor fusion techniques (such as 

complementary filters or Kalman filters) to combine accelerometer and gyroscope data accurately. Machine learning algorithms, 

such as support vector machines (SVM) or neural networks, are integrated into the firmware to classify processed sensor data into 

predefined hand gestures. Meanwhile, the mobile application, built using a cross-platform framework like Flutter, communicates 

with the ESP32 via Bluetooth to receive and display recognized gestures as text. Additionally, the application employs a text-to-

speech (TTS) engine to convert the text into audible speech, providing real-time feedback to the user. 

Thirdly, sensor calibration is crucial to ensure precise measurement and accurate gesture recognition. Each MPU6050 sensor 

undergoes a calibration process to compensate for any initial offsets and variations in sensor output. This process involves placing 

the glove in a known reference position and adjusting sensor outputs accordingly to minimize errors. Calibration is iteratively 

refined to enhance the accuracy of the sensor readings, improving the reliability of the Smart Glove system. 

Fourthly, rigorous testing is conducted to evaluate the performance of the Smart Glove under various conditions. This includes 

testing the system's responsiveness to different hand movements, lighting environments, and gesture speeds. User feedback is 

solicited to identify any usability issues and refine the system's interface and functionality. Continuous iteration and improvement 

ensure that the Smart Glove meets the project's objectives of enhancing communication and accessibility for individuals with 

speech or motor impairments. 

 

IV. RESULTS AND DISCUSSION 

A. Hardware and Software Integration 

In order to recognize and comprehend hand motions, the Smart Glove effectively combined three MPU6050 sensors with an ESP32 

microprocessor. The user's comfort and mobility were guaranteed by the hardware components being assembled on a glove form 

factor. The Arduino IDE was used to construct the ESP32 firmware, which successfully analyzed sensor data and used noise 

filtering, sensor fusion, and other techniques to capture hand movements. The Flutter-built mobile application interacted with the 

ESP32 via Bluetooth with ease, presenting recognized gestures as text and employing a TTS engine to translate them into audible 

voice. Real-time feedback was made possible by this integration, which also showed that wearable technology may improve 

communication. 
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B. Gesture Recognition and Accuracy 

The Smart Glove's gesture recognition algorithm proved to be highly accurate in identifying pre-established hand movements. 

Support vector machines and neural networks—two machine learning algorithms—were successfully used to categorize processed 

sensor data into distinct motions. By lowering initial offsets and guaranteeing accurate acceleration and angular velocity 

measurements, the calibration procedure greatly increased sensor accuracy. The system's resilience and dependability in 

understanding a broad range of hand gestures were validated through testing across various hand sizes, lighting situations, and 

gesture speeds. User comments demonstrated that they were happy with the system's usability and responsiveness, underscoring its 

potential to help people with speech or mobility impairments with everyday communication activities. 

 

C. Usability and User Feedback 

During usability testing, participants with varying levels of familiarity and ability found the Smart Glove intuitive and 

straightforward to use. The mobile application's interface provided clear visual feedback of recognized gestures, while the TTS 

engine delivered prompt auditory feedback, enhancing user interaction. Participants appreciated the system's ability to convert 

gestures into understandable speech, facilitating communication in real-time scenarios. Feedback from users with disabilities 

emphasized the system's potential to improve quality of life by enabling more natural and accessible communication methods. 

 
 

V. CONCLUSION 

In order to recognize and understand hand motions and provide real-time feedback to enhance communication, the Smart Glove 

successfully blends hardware and software components. Hand movements are precisely recorded by the ESP32 microcontroller and 

MPU6050 sensors, and high-accuracy movement recognition is guaranteed by machine learning algorithms. Participants in usability 

testing praised the Smart Glove's ability to interpret motions into understandable words, demonstrating how straightforward and 

simple it is to use. Users with disabilities recognize that the system can enhance their quality of life by promoting communication. 

In general, the Smart Glove does well at identifying and deciphering hand motions to provide feedback on communication in real 

time.  
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