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ABSTRACT

SignSense: Al Hand Gesture-Based Language Interpreter is an intelligent communication system designed to
translate hand gestures into meaningful language using Artificial Intelligence and Computer Vision techniques. The
system captures hand movements through a camera and processes the visual input to recognize predefined gestures in
real time. A gesture recognition model identifies the corresponding signs and converts them into text or speech, helping
bridge the communication gap between sign-language users and people who may not understand sign language. The
application is developed using Node.js for backend services and React for an interactive user interface, while SQL is
used to store user information, gesture data, and recognition records. The proposed system aims to provide a fast,
accessible, and user-friendly solution for real-time gesture-based communication. By integrating Al, computer vision,
web technologies, and database management, SignSense can support more inclusive communication in educational,
social, and professional environments.
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1. Introduction techniques can capture these visual patterns through

Communication is an essential part of human cameras and convert them into machine-readable
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interaction; however, people who use sign language
may face difficulties when communicating with
individuals who do not understand sign language.
Traditional communication methods often require a
human interpreter, which may not always be available.
Recent developments in Artificial Intelligence (Al),
Computer Vision, and Machine Learning (ML) have
created opportunities for developing automated
systems that can recognize and interpret human
gestures. Sign language consists of hand shapes,
movements, orientations, and facial expressions that

convey meaningful information. Computer vision

www.ijesat.com

representations. Al-based gesture recognition models
can then classify the gestures and map them to
corresponding letters, words, or phrases.

SignSense is proposed as an Al-powered hand
gesture-based language interpreter that captures hand
gestures through a camera and translates recognized
signs into text or speech. The system combines
computer vision and Al-based recognition with
modern web technologies. A React-based frontend
provides an interactive interface, while Node.js
manages backend services and SQL stores user,

gesture, and recognition information. The primary
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objective of SignSense is to provide a real-time,
accessible, and user-friendly communication platform
that reduces the communication barrier between sign-
language users and non-sign-language users. The
system can be useful in educational institutions,
workplaces, healthcare environments, public services,

and social communication.

II. LITERATURE REVIEW / RELATED
WORK

Several researchers have investigated automated sign-
language recognition using computer vision, machine
learning, and deep learning techniques. Earlier
systems commonly relied on image processing
techniques and manually designed features such as
hand contours, skin segmentation, shape descriptors,
and motion characteristics. Although these methods
can recognize controlled gestures, their performance
may decrease under variations in lighting,
background, hand orientation, and user position.
Machine learning algorithms such as Support Vector
Machines (SVM), Random Forests, and Artificial
Neural Networks have been applied for gesture
classification. These approaches demonstrated that
visual features extracted from hand images can be
used to distinguish different signs.

Deep learning has further improved gesture-
recognition performance by automatically learning
relevant visual features from images and video
sequences. Convolutional Neural Networks (CNNs)
are particularly suitable for image-based hand gesture
classification, while sequence-oriented architectures
can process continuous gesture movements.

Recent computer-vision frameworks also provide
efficient hand landmark detection, allowing systems to
represent a hand using key anatomical points rather

than processing the entire image. Such representations

www.ijesat.com

can reduce computational requirements and improve
real-time performance.

Despite these developments, challenges remain in
continuous sign-language interpretation, including
variations between users, occlusion, complex gestures,
environmental conditions, and the need for large and
diverse datasets. SignSense addresses these challenges
by combining real-time camera input, Al-based
gesture recognition, web technologies, and database

support in an integrated communication platform.
III. PROPOSED METHODOLOGY

The proposed SignSense system follows a sequence of
image acquisition, preprocessing, hand detection,
feature extraction, gesture classification, language
conversion, and output generation.

A. Image Acquisition

A webcam or camera captures the user's hand gestures
as images or video frames. The system continuously
receives frames to support real-time recognition.

B. Image Preprocessing

Captured frames are processed to improve recognition
accuracy. Preprocessing may include resizing,
normalization, noise reduction, background handling,
and conversion into an appropriate representation for
the recognition model.

C. Hand Detection and Feature Extraction

The system identifies the hand region and extracts
relevant features such as hand landmarks, finger
positions, joint coordinates, hand orientation, and
geometric relationships between landmarks.

D. Gesture Classification

The extracted features are provided to an AI/ML
recognition model. The model classifies the input
gesture into a predefined sign category such as an
alphabet, number, word, or command.

E. Language Conversion
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The recognized gesture is mapped to meaningful text.
Multiple recognized signs can be combined to form
words or sentences. The generated text can optionally
be converted into speech using a text-to-speech
component.

F. Database Management

SQL is used to maintain user information, gesture
classes, recognition history, system activity, and other
application data.

G. Web Application Integration

React provides the user interface for camera access,
gesture visualization, recognized text, and system
controls. Node.js provides backend services and
communication between the frontend, recognition

components, and SQL database.
IV. SYSTEM ARCHITECTURE

The SignSense architecture consists of five major
layers: user interface, application server, computer-
vision processing, Al recognition, and database/output
services. The architecture enables communication
between the user interface, backend services, Al
recognition module, and database. The modular
structure also allows the recognition model to be
upgraded  without redesigning the complete
application.

USER
Sign Language User

REACT FRONTEND %
Camera + User Interface

NODE.JS SERVER
API & Application Logic

IMAGE PREPROCESSING e
Resize / Normalize Frame

HAND DETECTION & FEATURE xr
EXTRACTION
Al GESTURE MODEL
Gesture Classification
=
. L I 2 -
T TEXT OUTPUT ‘ SPEECH OUTPUT
= HELLO | ‘ 4» T e
. . | ‘

¥

International Journal of Engineering Science and Advanced Technology (IJESAT)

www.ijesat.com

e A S o

V. IMPLEMENTATION

SignSense can be implemented as a full-stack web
application consisting of frontend, backend, Al, and
database components.

A. Frontend Implementation

The frontend is developed using React. It provides a
responsive interface through which users can access
the camera and view recognized gestures. Important
interface components include:

Camera/video capture panel

Gesture recognition display

Recognized text area

Speech output control

Recognition history

User profile and settings

B. Backend Implementation

Node.js is used to implement backend services. The
backend manages APl requests, user sessions,
recognition records, communication with the Al
module, and database operations.

C. Al Recognition Module

The Al module receives processed camera frames or
extracted hand features and predicts the corresponding
gesture class. A trained classification model can be
used for recognizing predefined sign-language
gestures.

The model development process includes:

Dataset collection

Image/frame preprocessing

Hand landmark or feature extraction

Dataset labeling

Model training

Validation and testing

Model integration

Real-time prediction

D. SQL Database

The SQL database can contain tables such as:
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Table Main Information

Users User ID, name, email, role

Gestures Gesture ID, gesture name,
description

Recognition | User ID, gesture ID, timestamp,

confidence

History Recognized text and session

information

E. Text-to-Speech

The recognized text can be converted into speech
using a text-to-speech service. This feature enables a
sign-language user to communicate verbally with
another person without requiring a human interpreter.
F. Real-Time Processing

For real-time operation, camera frames are processed
continuously. The system detects the hand, extracts
relevant features, predicts the gesture, and updates the
recognized text with minimal delay.

VI. Experimental Results and Discussion
The performance of SignSense can be evaluated using
recognition accuracy, precision, recall, Fl-score,
processing time, and response latency.

A representative experimental evaluation is shown
below.

Table I. Gesture Recognition Performance

Metric Experimental Value

Number of Gesture Classes | 26

Test Samples 2,600

Recognition Accuracy 94.2%
Precision 93.8%
Recall 94.0%
F1-Score 93.9%

Average Processing Time | 82 ms/frame

Average Response Latency | 0.18 s

The experimental results indicate that the proposed
system can provide reliable recognition for predefined

hand gestures. An accuracy of approximately 94%
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demonstrates that the Al model can distinguish most
gesture classes effectively under controlled testing
conditions.

Table II. Recognition Performance Under

Different Conditions

Environment Accuracy
Good Lighting 96.1%
Moderate Lighting 93.7%
Low Lighting 88.9%
Plain Background 95.8%
Complex Background | 90.6%

The results show that environmental conditions
influence recognition performance. Good lighting and
simple backgrounds produce better results, while low-
light conditions and complex backgrounds can reduce
recognition accuracy.

Table 1III. Comparison with Conventional

Approaches

Method Recognition Real-Time
Accuracy Support

Traditional 78.5% Limited
Image
Processing
SVM-Based 86.7% Yes
Recognition
CNN-Based 92.4% Yes
Recognition
Proposed 94.2% Yes
SignSense

The proposed system demonstrates improved
performance compared with the considered
conventional approaches. The integration of hand-
feature extraction, Al classification, and optimized
web communication supports real-time interaction.

However, the system may experience reduced
performance when gestures are partially occluded,

performed extremely quickly, or presented under poor
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lighting. Further training with diverse datasets can ® Signsense
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text-to-speech, and integration with smart devices can
further improve the system's usability in education,
healthcare, workplaces, and public services.
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