Vol-11 Issue-3 2025 IJARIIE-ISSN(O)-2395-4396

SMART GLOVE FOR SPEECH IMPAIRED
PEOPLES

Sudharshan M K*, Vaishnavi M M?, Amulya k3, Kosalya N*, Ranjitha A K°

Department of Electronics and Communication Engineering,
SJM Institute of Technology, Chitradurga 577502, Karnataka, India
sudharshan.mkl11@gmail.com, vaishnavitanu21l@gmail.com, kamulyal05@gmail.com,
kousalyankousalya812@gmail.com, ranjitharanju960630@gmail.com

Abstract

Communication is a fundamental human need, yet millions of speech-impaired individuals face challenges in expressing themselves
effectively. This project proposes the development of Smart Gloves, a wearable assistive technology designed to bridge the
communication gap for people with speech impairments. The gloves are embedded with flex sensors, accelerometers, and
microcontrollers, enabling them to detect hand gestures commonly used in sign language. These gestures are then translated into
text or audible speech in real-time using a machine learning algorithm and a text-to-speech (TTS) module. The system aims to be
lightweight, portable, cost-effective, and user-friendly, significantly enhancing the user's ability to communicate with non-sign
language users. By converting gestures into spoken words or text, the smart gloves empower speech-impaired individuals with a
voice, fostering inclusivity and independence in daily life.

I. INTRODUCTION

Communication is an essential aspect of human interaction, allowing individuals to express thoughts, emations, and needs. However,
for people with speech impairments, conveying their messages can be challenging, especially when communicating with individuals
unfamiliar with sign language. While sign language is a powerful tool, it is not universally understood, leading to barriers in daily
interactions, education, employment, and healthcare.

To address this issue, wearable assistive technology offers a promising solution. Smart Gloves for Speech Impaired People aim to
serve as a real-time communication bridge by translating hand gestures into spoken words or text. These gloves are equipped with
sensors such as flex sensors, inertial measurement units (IMUs), and microcontrollers to capture the motion and positioning of the
fingers and hand. The captured gestures are then processed using embedded systems and machine learning algorithms to recognize
the signs and convert them into understandable output.

The goal of this project is to develop a cost-effective, lightweight, and portable solution that enhances the quality of life for speech-
impaired individuals by enabling more natural and efficient communication with the world around them. This initiative not only
promotes inclusivity but also empowers users with a sense of independence and confidence in social environments.

I1. LITERATURE SURVEY

In recent years, the integration of technology into assistive communication tools has gained considerable attention. Various research
efforts have been made to develop systems that help bridge the communication gap for people with speech and hearing impairments.
This section reviews some of the significant work in this domain.

1. Glove-Based Sign Language Recognition:

Researchers have developed gloves embedded with flex sensors and accelerometers to recognize hand gestures corresponding
to sign language alphabets or words. For example, the "AccelaGlove" used accelerometers to capture hand motion and translate
signs into text using pattern recognition algorithms.

2. Sensor Fusion and Machine Learning:

Some studies incorporated multiple sensors (flex, gyroscope, and accelerometers) and used machine learning models such as
Support Vector Machines (SVM) and Artificial Neural Networks (ANN) to improve gesture recognition accuracy. These
systems demonstrated high recognition rates for American Sign Language (ASL) alphabets and digits.
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3. Text-to-Speech Integration:

A number of projects combined gesture recognition with text-to-speech (TTS) engines, allowing recognized signs to be
converted into synthesized speech. This approach enabled more natural interaction with people who do not understand sign
language.

4, Wireless Communication in Assistive Devices:

Some smart glove systems incorporated Bluetooth or Wi-Fi modules for wireless communication with smartphones or
computers. This feature allowed real-time display or vocalization of the translated message on external devices.

5. Limitations in Existing Systems:

Despite promising results, many existing systems face challenges such as limited vocabulary recognition, low accuracy in
continuous signing, high cost, and lack of support for different sign languages. Additionally, some systems are bulky or
require external processing units, reducing their practicality for everyday use.

This project builds upon these existing technologies with an aim to address these limitations. By developing a more compact,
affordable, and accurate smart glove, we hope to make assistive communication more accessible and user-friendly for speech-
impaired individuals.

11 METHODOLOGY

The development of the Smart Glove system follows a systematic approach, combining hardware integration, software development,
and testing. The following steps outline the methodology adopted:

1. Requirement Analysis
o Identified the specific needs of speech-impaired individuals in communication.
o Defined the key objectives: gesture recognition, real-time response, portability, and ease of use.

Power Supply
e

Arduino Raspberry Pi
Voltage Divider

Bluetooth Speakel
Circuit (gTTS Audio)

Serial Monitor
(Debug)

2. Component Selection

e Selected appropriate sensors and modules based on functionality, cost, and availability:

o Flex Sensors — to detect finger bending.

Accelerometer/Gyroscope (e.g., MPU6050) — to detect hand orientation and motion.
Microcontroller (e.g., Arduino Uno/Nano or ESP32) — to process sensor inputs.
Bluetooth Module (HC-05 or ESP32 built-in) — for wireless data transmission.
Speaker (optional) — for voice output using text-to-speech.
Battery Pack — for portability.

o O O O O

3. Hardware Implementation
o Assembled the glove with sensors securely attached to each finger and palm area.
e  Wired sensors to the microcontroller and ensured reliable power supply.
e Integrated communication modules and optional TTS system.
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4. Software Development
e Programmed the microcontroller using Arduino IDE or relevant tools.
e Developed gesture recognition logic based on sensor data thresholds.
e  Mapped each gesture to a specific alphabet, word, or command.
o Enabled text output and optional speech generation using TTS libraries or modules.
e Enabled wireless communication using Bluetooth to connect with a mobile app or display.

5. Testing and Calibration
e Tested each gesture multiple times to ensure accurate detection.
e Calibrated the flex sensor thresholds to minimize errors in recognition.
o Validated real-time text and speech conversion performance.

6. Output Display
e Displayed recognized gestures as text on the serial monitor or mobile app.
e Played corresponding speech output using speaker (if implemented).

7. Evaluation and Refinement
e  Gathered user feedback and identified areas for improvement.
e Adjusted sensor sensitivity, improved gesture detection logic, and optimized software.

IV WORKING PROCESS

The Smart Glove works by converting hand gestures, made using sign language, into readable text or audible speech. Below is the
step-by-step procedure for how the system operates:

Step 1: Wearing the Smart Glove
The user wears the glove embedded with flex sensors (on fingers) and an accelerometer (on the hand/palm).
The glove is powered by a battery or USB connection.

Step 2: Gesture Formation
The user makes a gesture corresponding to a letter, word, or phrase in sign language.

Step 3: Sensor Data Collection
Flex sensors detect the bending of each finger by measuring resistance changes.
The accelerometer/gyroscope detects the orientation and movement of the hand.

Step 4: Data Processing by Microcontroller

The microcontroller (e.g., Arduino/ESP32) reads input values from all sensors.
Based on pre-programmed values (thresholds), it identifies the specific gesture.
A gesture recognition algorithm matches the sensor data to a stored pattern.

Step 5: Output Generation
Once the gesture is identified:
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The corresponding text is sent to a serial monitor, OLED display, or Bluetooth-connected mobile app.
(Optional) The text is passed to a Text-to-Speech (TTS) module, and the glove speaks the word through a small speaker.

Step 6: Wireless Communication (if enabled)
If Bluetooth is used, the recognized text is transmitted wirelessly to a smartphone or computer.
An app can display or speak the message for others to see or hear.

Step 7: Repeat Process
The user performs another gesture, and the system continues translating in real-time.

VI CONCLUSION

The development of smart gloves for speech-impaired individuals represents a significant advancement in assistive communication
technology. By integrating flex sensors, motion sensors, and a microcontroller, the glove successfully captures hand gestures and
translates them into meaningful text or speech output, enabling users to communicate more effectively with those unfamiliar with sign
language.

This project demonstrates how low-cost, wearable technology can empower individuals with speech disabilities by providing them with
a portable, user-friendly, and real-time communication tool. It helps bridge the communication gap, promote social inclusion, and
enhance the quality of life for users in educational, social, and professional environments.

While the current prototype focuses on a limited vocabulary and predefined gestures, the system lays a solid foundation for future
improvements, including support for continuous sign language, multilingual output, and machine learning-based personalization. With
further research and refinement, this innovation has the potential to become a widely adopted solution in the field of assistive technology.
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