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Abstract: Communication is the fundamental exchange of thoughts and messages through speech, signals, visuals, and
behavior. For deaf and hard-of-hearing individuals, sign language serves as the primary medium for interaction. However,
because most non-disabled individuals do not understand sign language, a significant communication barrier exists. This
paper presents a user-friendly Human-Computer Interface (HCI) software system designed to translate American Sign
Language (ASL) fingerspelling hand gestures into text and speech in real time. The proposed system captures gesture
images via a webcam, extracts hand landmarks using the MediaPipe library, and projects them onto a clean white canvas
to overcome real-world lighting and background variations. A Convolutional Neural Network (CNN) model is trained
on these skeletal representations to recognize individual alphabets (A—Z) and form complete words. The recognized text
is then converted into spoken audio using the pyttsx3 library. The proposed approach achieves 97% recognition accuracy
under standard conditions and over 99% accuracy in controlled environments.

Keywords: American Sign Language, Convolutional Neural Network, MediaPipe, Human-Computer Interface, Gesture
Recognition, Text-to-Speech Conversion.

L. INTRODUCTION

American Sign Language (ASL) is a predominant sign language used by millions of individuals worldwide. Since the
primary disability experienced by deaf and non-verbal individuals is communication-related when using spoken
languages, sign language serves as their sole medium to exchange ideas, learn, work, access public services, and
participate fully in society. Communication is defined as the process of exchanging thoughts, ideas, and messages through
speech, signals, behavior, and visuals. Deaf and non-verbal people make use of hand gestures to visually convey
nonverbal messages.

In our project, we basically focus on producing a model which can recognize fingerspelling-based hand gestures in order
to form a complete word by combining each gesture.

A. Objective

More than 70 million deaf people around the world use sign languages to communicate. Sign language allows them to
learn, work, access services, and be included in their communities. It is hard to make everybody learn the use of sign
language with the goal of ensuring that people with disabilities can enjoy their rights on an equal basis with others. So,
the aim is to develop a user-friendly human computer interface (HCI) where the computer understands American Sign
Language. This project will help dumb and deaf people by making their life easy. To create computer software and train
a model using CNN which takes an image of a hand gesture of American Sign Language, shows the output of the
particular sign language in text format, and converts it into audio format.

B. Scope

This system will be beneficial for both dumb/deaf people and people who do not understand sign language. They just
need to communicate with sign language gestures and this system will identify what he/she is trying to say. After
identification, it gives the output in the form of text as well as speech format.

II. LITERATURE REVIEW
A. Mahesh Kumar N. B. (2018)
This paper shows the sign language recognition of 26 hand gestures in Indian Sign Language using MATLAB. The

proposed system contains four modules: pre-processing and hand segmentation, feature extraction, sign recognition, and
sign to text. By using image processing, segmentation can be done using the Otsu algorithm. Features such as Eigenvalues
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and Eigenvectors are extracted for recognition. Linear Discriminant Analysis (LDA) was used for gesture recognition,
and recognized gestures are converted into text and voice format.

B. Krishna Modi (2013)

In this proposed system, they intend to recognize basic elements of sign language and translate them to text. Video is
captured frame-by-frame, processed, and appropriate images are extracted using BLOB analysis. The retrieved images
are sent to a statistical database where captured images are compared with stored samples to determine performed
alphabet signs. Implementing American Sign Language fingerspelling, they construct words and sentences with a 93%
accuracy probability.

C. Bikash K. Yadav et al. (2020)

Sign language is one of the oldest and most natural forms of communication. They propose a real-time method using
Convolutional Neural Networks (CNN) for fingerspelling-based ASL. The hand image is passed through a filter and then
through a classifier that predicts the class of hand gestures, reaching a model accuracy of 95.8%.

D. Ankit Ojha et al. (2020)

Created a desktop application using a webcam to capture ASL gestures and translate them into corresponding text and
speech in real time. The architecture uses a Convolutional Neural Network (CNN) for gesture detection. Modules include
image acquisition, hand region segmentation, hand detection and tracking, posture recognition, and text/speech display,
achieving an accuracy of 95%.

E. Vectorial Adebimpe Akano (2018)

Converts ASL hand gestures into text and speech using unsupervised feature learning. Sample images were collected
using a Kinect sensor via MATLAB. Five hundred data samples were collected for training. The combination of FAST
and SURF with KNN (k=10) achieved 92% accuracy with supervised feature learning and 78% with unsupervised feature
learning.

F. Rakesh Kumar (2021)

Proposed a hand gesture recognition algorithm based on image contours to identify standard ASL. The proposal optimizes
performance overhead through identification of 17 characters and 6 symbols using image contours and convexity
measurement without complex algorithms or specialized hardware, obtaining an average accuracy of 86%.

III. SYSTEM ANALYSIS
A. Literature Comparison

TABLE ]
COMPARISON OF EXISTING LITERATURE

Author Name Algorithm / Classifier Accuracy Year
Mahesh Kumar N. B. LDA 79% 2018
Krishna Modi Blob Analysis 91% 2013
Bikash K. Yadav CNN 95.5% 2020
Aayush Pandey / Ankit Ojha CNN 90% 2020
Vectorial Adebimpe Akano KNN 91% 2018
Rakesh Kumar Contour Measurement 88% 2021

B. Research Gap

In the first research paper [1], they used the LDA algorithm and converted RGB images to binary images, but the image
processing is not good enough to extract detailed features of signs.

In the second research paper [2], signs were recognized using direct image pixel comparison against a database after
converting RGB to binary, which removed essential spatial features.

In the third and fourth research papers [3], [4], they applied CNN algorithms for sign recognition effectively, but lacked
comprehensive pre-processing before feeding data to the model.

In the fifth research paper [5], they used KNN, a simple algorithm, without sufficient image pre-processing, resulting in
moderate accuracy.

In the sixth research paper [6], contour and convexity measurements were used, but the algorithm failed to yield high
accuracy.
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C. Project Feasibility Study

1) Operational Feasibility: The purpose of this system is to handle tasks accurately and efficiently with minimal time
consumption. The application is user-friendly, requiring only basic knowledge of American Sign Language and standard
desktop operating procedures.

2) Technical Feasibility: Front-end and back-end selection were based on extensive platform research. Python Tkinter
was chosen for the front-end GUI to assist non-IT users with a simple interface. Python was selected for the back-end
due to its broad scientific library support (OpenCV, MediaPipe).

3) Economic Feasibility: Since the system is developed as part of project work and uses accessible webcam hardware,
there are no manual operational costs, making it economically practical.

D. Detailed Module Description

1) Data Acquisition: Data acquisition approaches include electromechanical gloves and vision-based methods. While
gloves provide exact positioning, they are expensive and non-ergonomic. Vision-based methods use a standard webcam,
creating natural interaction at low cost despite challenges from lighting, skin color variations, and background noise.

2) Pre-Processing & Feature Extraction: To eliminate background interference, hand landmarks are extracted using
MediaPipe. Landmark points are rendered and connected on a plain white canvas using OpenCV. This skeletal
representation removes background clutter and lighting dependencies. A total of 180 skeleton images were collected for
each alphabet sign (A-Z).

E. Text and Speech Translation

The model translates recognized gestures into text words. The pyttsx3 library converts predicted text into speech in real
time, simulating real-life conversation.

IV. CONCLUSION AND FUTURE WORK

Using our approach, we can estimate any character within the [a—z] set with 97% accuracy under standard conditions,
and above 99% accuracy in clean, controlled environments. Future work includes developing a native Android application
for mobile gesture prediction.
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