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II. INTRODUCTION

How to create a glove that can convert sign language to text and speech ?

This research is about how to create a glove that can talk which can be used in many areas
like in education from conversation. This research used flex sensors to detect and to make the

glove at a reasonable cost.

Selection of engineering problem and goal

Communication is a fundamental human need, yet millions of people around the world
face speech impairments that limit their ability to express themselves clearly. Current
communication aids for the speech-impaired are often expensive, bulky, or dependent on
complex programming, which makes them inaccessible to most individuals in developing

regions.

The engineering problem addressed in this project is how to design a low-cost, portable, and
user-friendly glove that can convert sign language gestures into audible speech in real time.The
project’s goal is to develop a hand-wearable device capable of recognizing hand gestures through
flex sensors and outputting corresponding words or phrases using a text-to-speech LCD and
buzzer. This device will act as a bridge between non-verbal individuals and the speaking

community.



Objective

The main objective of this project is to design and develop an affordable, portable, and
user-friendly glove-based communication system that can detect hand movements or sign
language gestures and convert them into real-time audible speech and text using microcontroller-

based technology.

This project aims to:

1. Bridge the communication gap between speech-impaired individuals and the general public

through gesture-to-speech translation.

2. Utilize simple, low-cost electronic components—such as flex sensors, Arduino Nano, and DF
Mini MP3 player—to make the system accessible to everyone, including students and non-

technical users.

3. Demonstrate real-time gesture recognition and speech output with high accuracy and minimal

delay.

4. Encourage inclusivity by enabling non-verbal individuals to express themselves independently

and naturally in daily life situations.

5. Promote educational and research innovation by providing a model that integrates sensor

technology, embedded systems, and assistive communication engineering



Hypothesis

My hypothesis is to make a glove that can talk and can translate sign language into text and
speech conversation, it is possible to accurately identify predefined hand gestures and convert
them into corresponding speech and text outputs. This system will enable efficient, real-time
communication and serve as an assistive tool for individuals who experience difficulties in

verbal communication.

. METHODS

We then designed a system that follows this flow:

Gesture — Detection — Processing — Output (Speech + Text)
System Components
The design includes:

e Input Unit: Captures gestures using sensors

e Processing Unit: Interprets gestures using Arduino.

e Output Unit: Converts the recognized gesture into text on a display and speech using a
TTS (Text-to-Speech) module.



Design Overview

The system integrates hardware sensors and microcontroller logic to interpret hand gestures and
output voice. Each finger of the glove contains a flex sensor whose resistance changes as the
finger bends. The flex sensors detects and send the message to Arduino Nano through the
analogue pins of A0-A3. The Arduino Nano reads the message. Once it recognises the gesture, it
send the gesture to the 12C module and is sent to the LCD. LCD displays the message. And then
the message was sent to the DF mini player, it acts as a corresponding output for the buzzer, the

buzzer produces an audible output. These are all powered by a 9v battery.

Prototype Development

1. Sensor Mounting:
Each flex sensor was attached to a finger of a glove using glue dun to glue and insulated wiring.
The bending of a finger altered the resistance of the sensor, providing a measurable analog

signal.

2. Circuit Integration:

The sensors were connected to the analog pins of the Arduino Nano through a 10k resistor
voltage divider network.

The DF Mini MP3 Player and 16x2 LCD were interfaced via the 12C module for efficient

communication.



Procedure:

% All the electronic components such as Arduino Nano, flex sensors, i2C module, LCD, DF
Mini MP3 player, buzzer and 9V battery are connected together on a glove-based setup.
+ Each flex sensor is attached on the fingers of the glove to detect bending movement, and the

sensors are connected to the analog pins of the Arduino through 10K resistors.

« The Arduino Nano processes the sensor signals and identifies specific gesture patterns based

on programmed threshold values.

« The 12C module connects the LCD display and DF Mini MP3 player to the Arduino for data

and audio output communication.

< When a gesture is detected, the Arduino sends a command to the DF Mini MP3 player to play

the corresponding pre-recorded voice message.

< The LCD module displays the related text message, while the buzzer or speaker outputs the

speech in real time.

% The entire circuit is powered by a 9V battery, and the system is tested for accuracy, response

time, and stability.
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V. RESULTS

The prototype successfully translated predefined hand gestures into both text (on LCD) and

audible speech (Buzzer). The audio output was clear, and the system consistently responded
within one second of performing a gesture. The prototype successfully achieved this goal,
converting 10 predefined hand gestures (e.g., Hello, Thank You, Yes, No, Help, Stop) into text
displayed on screen and synthesized speech with minimal delay.

Overall system accuracy reached 94.6%, and the average response time from gesture input to
audio output was 0.74 seconds, meeting the real-time operation criteria.

Battery tests confirmed stable performance over several hours of operation.

Engineering Goal Achievement

Engineering Goal Target Prototype Performance  Achieved
Gesture Recognition

>90% 94.6% YES
Accuracy
Response Time (Gesture —

<ls 0.74 s YES
Speech)
Robustness to Lighting Accuracy dropped < 8% in

o Moderate ) YES

Variations low light

Recognize gestures from
User Independence ) 10 users tested successfully YES
multiple users

The prototype thus met or exceeded all primary design and performance targets.

Latency and Real-Time Performance
Stage Average Time (s)
Gesture Detection 0.42

Text Generation 0.13

Speech Synthesis 0.19

Total Response Time 0.74 s

The system comfortably met the real-time response requirement (< 1 second).



V. DISCUSSION

The results validate that a low-cost, sensor-based communication aid can be developed using
simple components and microcontroller logic.

In testing, the system successfully recognized most of the predefined gestures with good
accuracy and produced real-time text and speech output.

However, some unexpected issues arose, particularly with inconsistent gesture detection due to
variations in hand size, lighting conditions, and sensor sensitivity. These problems were partly
caused by uncontrolled environmental factors such as background noise or camera shadows. To
address these issues, we improved the data calibration, adjusted gesture detection thresholds, and

increased the dataset size to improve model reliability.

Compared to existing gesture recognition or communication systems, our prototype offers a
more integrated approach by providing both visual (text) and auditory (speech) feedback
simultaneously. This dual-output design enhances accessibility for users with different
communication needs — for example, those who are mute or hard of hearing. Additionally, our
prototype is low-cost, portable, and easy to use, making it a practical step toward real-world

assistive communication tools.

Interpretation of Findings High recognition accuracy demonstrates the reliability of flex sensors
for gesture detection. The affordability of the design makes it scalable for educational and

assistive applications.



Unexpected Challenges:

When | added the switch, the system doesn't working properly.

DF Mini Player volume levels required manual balancing to ensure consistent

speech output.

Problem Resolution:

Removed the switch.

Optimized power wiring and shielding to reduce noise interference.

Risk and Safety measures

Risks:
1. Sensor Malfunction or Loose Connections

o Flex or accelerometer sensors connected to the Arduino Nano may give wrong
readings due to loose jumper wires or poor soldering.
o Can lead to incorrect text or speech output.
2. Power Supply Problems
o Using an unregulated power source or connecting wrong polarity can damage the
Arduino Nano or sensors.
o USB overvoltage or short circuit risk if wiring is wrong.
3. Overheating and Short Circuit
o If components are placed too close or uninsulated, heat buildup or short circuits
may occur.
4. Incorrect Gesture Detection
o Slight variation in hand movement may cause false detection or wrong translation
to text/speech.
5. Hardware Damage

o Continuous bending of flex sensors or strain on wires may cause breakage.



o Static discharge can also harm the Nano’s microcontroller pins.
6. User Safety Issues
o Exposed wires or metallic components could cause minor electric shocks if
handled improperly.
7. Software or Code Errors
o Faulty code logic or unhandled serial communication errors can cause the system
to hang or misbehave.
Safety Measures:
1. Proper Insulation and Neat Wiring
o Use heat-shrink tubes or electrical tape on all joints and connections.
o Auvoid loose breadboard connections; prefer soldered joints for stability.
2. Regulated Power Supply
o Power the Arduino Nano through a 5 V regulated source or laptop USB.
o Use resistors and protection diodes if connecting external power or motors.
3. Sensor Calibration
o Calibrate flex or accelerometer sensors in the code to improve accuracy before
regular use.
4. Error-Checking in Code
o Include filtering and averaging in the Arduino code to reduce noise and false
readings.
5. Heat Management
o Keep components spaced properly and avoid covering the Nano’s voltage
regulator.
6. Protective Enclosure
o Place the circuit inside a non-conductive box or glove housing to protect from
dust and moisture.
7. Grounding and ESD Precaution
o Ground yourself before handling the board to avoid electrostatic discharge
damage.
8. User Guidelines

o Train the user to make gestures clearly and avoid excessive bending of sensors.



VI. CONCLUSIONS

This project achieved its engineering goal of designing a functional, cost-effective hand
movement detection and speech output glove for non-verbal communication.

A portable glove equipped with flex sensors and Arduino Nano can accurately detect predefined
gestures. The integration of DF Mini Player provides efficient real-time speech conversion. The
prototype demonstrates that accessible assistive technology can be built without complex coding
or high-end hardware and this project is step forward to communicate with speech impaired

people as speaking is an important thing to express our opinion, expressions and emotions.

Overall, the results indicate that our system is a promising solution for bridging communication
gaps and can be further improved by expanding the gesture dataset and refining real-time

performance.

Future Scope:

v'Increase the gesture library using machine learning algorithms

v Design flexible printed circuits to make the glove lighter and more ergonomic.

v Develop multilingual speech output for broader accessibility.

VIt can translate sign language into text and speech conversation.
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