Second Graduation Project: Smart Glove for Sign Language

Abstract
This project presents the design and implementation of a wearable smart glove for sign language recognition and translation, aiming to help reduce the communication gap between deaf and hard-of-hearing individuals and the wider community. The system captures finger movements and hand orientation in real time and translates the detected gestures into meaningful words and sentences through a dedicated Android mobile application.

The system consists of two gloves, each equipped with five flexible sensors (Flex Sensors) for measuring finger bending and an MPU6050 inertial sensor for detecting hand motion and orientation. The sensors are interfaced with an ESP32 microcontroller, which acquires and processes the sensor data using a threshold-based gesture classification algorithm. The processed data is then transmitted wirelessly to an Android application through a local Wi-Fi network.

The Android application receives data from both gloves and applies data normalization to reduce the effects of variations in users' hand sizes and movements. In addition, the application incorporates a local Artificial Intelligence (AI) engine for linguistic post-processing. This engine analyzes the recognized keywords and reconstructs them into meaningful and grammatically coherent sentences. Since the AI processing is performed locally on the smartphone, the system does not require cloud connectivity, resulting in low latency and improved user privacy.

A portable power management system was also developed using rechargeable lithium batteries, a TP4056 charging and protection module, and a DC-DC buck converter to provide a stable voltage to the electronic components. Several engineering challenges were addressed during the implementation, including electrical noise, unstable sensor readings, sensor calibration differences, wireless communication latency, and difficulties in distinguishing between similar gestures. These issues were mitigated through a common-ground topology, sensor normalization, optimized data transmission, and deeper integration of MPU6050 motion data.
Testing results demonstrated that the system achieved a gesture recognition accuracy of more than 92% across different users, with an estimated end-to-end response latency of less than 300 milliseconds. The local AI engine also successfully transformed individual recognized words into meaningful sentences. For example, the sequence of signs corresponding to “I,” “Pain,” and “Head” was processed into the coherent sentence: “I am suffering from a headache.”

Overall, the project demonstrates the practical integration of embedded systems, wearable sensors, wireless communication, mobile applications, and local artificial intelligence to develop an assistive technology solution for sign language users. The developed prototype provides a foundation for future improvements, including the integration of Flexible Printed Circuit Boards (FPCBs), improved mechanical and industrial design, expansion of the sign language vocabulary, and further enhancement of the AI model to achieve greater accuracy and flexibility.
