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Abstract: The Sign Language Recognition System (SLRS) is a
computer vision—based real-time application that recognizes
hand gestures and converts them into meaningful text or speech.
Developed using Python, OpenCV, the system ensures high
accuracy and quick response in classifying gestures. With the
integration of text-to-speech technology, SLRS enables smoother
communication between speech- and hearing-impaired
individuals and the general community. This project addresses
challenges such as dependence on human interpreters, limited
accessibility to sign language education, and communication
barriers in daily life. Beyond immediate communication, SLRS
has significant societal impact by fostering inclusivity, reducing
communication gaps, and creating opportunities in education
and employment. The system also sets a foundation for future
enhancements such as multilingual support, mobile deployment,
and integration with advanced assistive technologies.
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I. INTRODUCTION

A. BACKGROUND AND MOTIVATION

Communication is a fundamental human need, yet millions of
individuals with speech and hearing impairments face barriers in
expressing themselves. Sign language serves as their primary mode
of communication, but most people in society are not proficient in
it. This creates challenges in education, workplaces, and daily
interactions.

With advancements in artificial intelligence, computer vision, and
deep learning, it has become possible to design real-time systems
that can bridge this communication gap. The motivation behind this
project is to create an accessible and affordable assistive tool that
empowers the hearing- and speech-impaired community to
communicate effectively without relying on human interpreters.

© 2025, IJSREM | https://ijsrem.com

B. PROBLEM STATEMENT

Despite several research efforts, existing sign language recognition
systems face certain challenges:

e Dependence on costly hardware such as gloves and depth
Sensors.

e Limited accuracy under different lighting and backgrounds.

e Inability to provide real-time communication.

e  Restricted support for multilingual signs.

e These limitations highlight the need for a robust, low-cost, and
user-friendly solution.

C. PROPOSED SOLUTION

The proposed Sign Language Recognition System (SLRS) uses a
standard webcam with OpenCV for image preprocessing and a
GCA-based deep learning model for gesture classification.
Recognized gestures are converted into text, and optionally into
speech using text-to-speech (TTS) technology. The solution ensures
real-time performance, high accuracy, and ease of use. It eliminates
the need for specialized hardware, making the system accessible on
ordinary laptops and desktops.

D. OBJECTIVE

e Todevelop areal-time application that recognizes hand gestures
using computer vision.

e To classify gestures accurately with GCA/RBA and display
results as text.

e To integrate text-to-speech functionality for smooth
communication.

e  To design a user-friendly, cost-effective assistive tool.

e To promote inclusivity and accessibility for speech- and
hearing-impaired individuals.

e To create a scalable system that can support additional signs and
languages in the future.
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e Dependence on specialized devices (gloves, depth sensors).
e Accuracy issues in uncontrolled environments (lighting,
background).

A EXISTING SYSTEMS AND THEIR LIMITATIONS e Limited support for real-time multilingual communication.
e Lack of low-cost, portable, and user-friendly solutions for

everyday use.
This research addresses these gaps by developing a webcam-based,
real-time sign language recognition system using OpenCV and GCA

1. Glove-Based Systems — Use sensors to detect finger movements with text-to-speech integration, ensuring inclusivity, accessibility,
with high accuracy. and societal impact.

II. LITERATURE REVIEW

Several sign language recognition systems have been developed
using different technologies. Some notable approaches include:

III. METHODOLOGY

Advantage: Very precise for hand orientation and finger bends.

Limitation: Requires costly hardware, not user-friendly, lacks
portability.

2. Camera-Based Systems with Traditional Image Processing —
Use edge detection, contour analysis, and background subtraction.

The proposed Sign Language Recognition System (SLRS) follows a
layered methodology consisting of data acquisition, preprocessing,
model training, real-time recognition, and output generation.

A. SYSTEM ARCHITECTURE

Advantage: Low cost, works with a standard webcam.

e Limitation: Sensitive to lighting, background noise, and hand
position variations.

3. Depth Camera—Based Systems (e.g., Kinect, Leap Motion)

The system is designed using a modular architecture with the
following layers:

1. T tL Data Acquisiti
1. Advantage: Provides 3D hand pose detection with better nput Layer (Data Acquisition)

accuracy. ) o o e Captures real-time video stream using a webcam.
2. Limitation: Expensive hardware, limited availability, not .
bl e Frames are extracted and passed for preprocessing.
portable.

. L. 2. Preprocessing Layer (OpenCYV)
4. Mobile Application—Based Systems — Use smartphone cameras

to detect and classify signs. e Hand detection using MediaPipe/OpenCV.

¢ Image resizing, normalization, and noise reduction.

Advantage: Portable and -friendly. . . .
vantage: tortable anc user-iriendly e Landmark extraction to reduce computational complexity.

3. Model Layer (GCA/RBA)

Limitation: Limited datasets, lower accuracy in real-time
scenarios, battery-intensive.
5.Deep Learning—Based Systems (GCA/RBA models) — Learn

e Gestures Classification Algorithm (GCA/RBA) trained on
gesture features from large datasets.

sign language datasets.
e Performs feature extraction and classification of gestures.
4. Output Layer

Advantage: High accuracy, scalable, adaptable to dynamic
gestures.

Limitation: Require large training datasets and good computing
resources.

e Displays recognized gestures as text on the screen.
e Converts text to speech using TTS engine for smoother
communication.

B. KEY ADVANTAGES AND VALUE PROPOSITIONS B. DATA MODELS

o Gesture Dataset Model:

Real-time communication between deaf/mute individuals and

the general community.
& iy e Gesture ID,Gesture Name,Gesture Image/Frame,

e Cost-effective solutions using standard webcams instead of Feature Vector

spemahzed h-ar.dware. . . . e User Interaction Model:
e  Potential for multilingual support and integration with speech

technologies. e User ID,Captured Frames,Recognized Sign, Output Text,
e  Scalability to recognize both static signs (alphabets, numbers) Timestamp.
and dynamic gestures (words, phrases).
C. WORKFLOW"

C. RESEARCH GAP AND RELEVANCE

o User shows hand gestures to webcam.
Despite advancements, existing systems show key gaps: e Frames are captured and preprocessed (cropping, resizing,
normalization).
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o Features are extracted and fed into GCA for classification.
e C(lassified gesture is mapped to corresponding text.
e Textis displayed on screen and optionally converted into speech.

E. TOOLS & TECHNOLOGIES USED

e Programming Language: Python

e Libraries: OpenCV, TensorFlow/Keras, MediaPipe, NumPy,
pyttsx3

e Hardware: Standard Laptop/PC with Webcam

e Platform: Jupyter Notebook for experimentation & testing

IV.IMPLEMENTATION

The implementation of the Sign Language Recognition System
(SLRS) was carried out in multiple phases, ensuring modularity and
real-time efficiency.

A. DATASET PREPARATION

A custom dataset was created by capturing sign language gestures
using a webcam.
Each gesture was recorded multiple times under varying lighting
conditions.
Data preprocessing included:

e Resizing frames (e.g., 64%64 or 128x128 pixels).

e  Converting to grayscale or normalized RGB.

e Applying augmentation techniques such as rotation,

scaling, and flipping.

B. MODEL DEVELOPMENT (GCA/RBA)

A Gestures Classification Algorithm (GCA) was implemented using
TensorFlow/Keras.

The GCA architecture included:

e Convolutional layers for feature extraction.

e Pooling layers for dimensionality reduction.

e  Fully connected dense layers for classification.
The model was trained on gesture datasets (alphabets, numbers, and
basic signs).

Achieved high accuracy after multiple training epochs with
optimized hyperparameters.

C. REAL-TIME GESTURE RECOGNITION

. The webcam captured live frames using OpenCV.
. Frames were preprocessed and passed to the trained GCA

model.
. Predicted gesture class was mapped to corresponding text.
. Results were displayed instantly on the user interface.
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D. TEXT-TO-SPEECH (TTS) INTEGRATION

. The recognized gesture text was converted into speech using
pyttsx3 (offline TTS engine).

. This enabled two-way interaction, allowing normal users to
understand the signs spoken aloud.

E. USER INTERFACE

. Implementedin Python (Tkinter/Jupyter Notebook interface).
. Displays real-time video, recognized gesture, and text output.
. Includes option to enable/disable voice output.

V.WORKFLOW AND DATAFLOW

A. WORKFLOW OF SLRS

The complete workflow of the Sign Language Recognition System
can be summarized in the following steps:

1. User Interaction

e User shows hand gesture in front of the webcam.
2. Frame Acquisition

e OpenCV captures continuous video frames.
3. Preprocessing

e Frames are resized, normalized, and filtered for noise
reduction.
e Hand landmarks/features are extracted.
4. Gesture Classification

e Preprocessed frame is passed into the trained GCA model.
o GCA predicts the gesture class (e.g., alphabet, number, word).
5. Output Generation

e Predicted gesture is displayed as text on the screen.
e Textis also converted to speech using TTS.
6. User Feedback

o Normal user listens to the speech or reads the text, enabling
smooth communication.

B. DATAFLOW OF SLRS

Input Data (User Gesture):

e  Captured via webcam — Converted to image frames.
Processing Layer:

e OpenCV preprocessing (resizing, filtering, normalization).
e  Feature extraction and classification by GCA model.
Output Data:
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e Recognized gesture — Text output — Optional speech
output.

User

Shows Hand Sign
Y

Capture Hand Gesture

Captured Frame

Process Image
/Extractad Features \ Store Landmarks
, ' .
‘ - 2 EEE——
| Recognize Gesture Hand Landmark Data

{Recognized Gesture Out]hCompare with Known Patterns

= —
Gesture Patterns |

Output Display

Fig.1.Workflow of SLRS

VI. DESCRIPTION AND RESULTS

A. SYSTEM DESCRIPTION

The Sign Language Recognition System (SLRS) was developed
using Python, OpenCV, and a GCA model trained on sign language
gesture datasets. The system integrates real-time video acquisition,
preprocessing, classification, and output generation in a single
interactive pipeline.

e  Webcam Module: Captures live video frames of user
gestures.

e  Preprocessing Module: Uses OpenCV for background
noise reduction, resizing, and normalization.

e  GCA Model: Performs classification of gestures into
alphabets, numbers, or basic words.

e  Output Module: Displays recognized signs as text and
provides audio output using a text-to-speech engine.

e  User Interface: Simple and interactive design allowing
users to view real-time recognition.

B. EXPERIMENTAL SETUP

e Hardware: Standard laptop with webcam, Intel i5
processor, 8 GB RAM.
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e Software: Python 3.x, OpenCV, TensorFlow/Keras,
NumPy, pyttsx3.

e Dataset: Custom dataset of sign language gestures
(alphabets and basic words), augmented with variations in
lighting and orientation.

e  Training Parameters: GCA trained with multiple epochs,
batch normalization, and dropout to improve accuracy and
reduce overfitting.

C. RESULTS ACHIEVED

e Recognition Accuracy: Achieved above 90% accuracy
on test dataset for static hand signs.

¢ Real-Time Performance: System processed frames with
minimal delay (~20-30 fps).

e Robustness: Worked reliably under moderate variations in
lighting and background.

e  User Testing: Enabled smooth communication between
sign users and non-sign users through text and speech
output.

D. KEY OUTCOMES

e Real-time recognition of hand gestures into text/speech.
e Cost-effective solution requiring only a standard webcam.

e Inclusive communication tool for speech- and hearing-
impaired individuals.

e  Foundation for future upgrades like dynamic gestures and
multilingual support.

VII. CONCLUSION

The Sign Language Recognition System (SLRS) successfully
demonstrates how computer vision and deep learning can be applied
to bridge communication gaps for individuals with speech and
hearing impairments. Using OpenCV for preprocessing and a GCA
model for classification, the system provides high accuracy and real-
time performance. The integration of text-to-speech further enhances
accessibility, allowing seamless interaction between sign language
users and the general public.

This project not only promotes inclusivity but also highlights the
potential of Al-driven assistive technologies in education, healthcare,
and employment. SLRS establishes a foundation for future
developments in gesture recognition systems and their deployment
in real-world applications.
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