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Abstract:

Effective communication facilitates the sharing of emotions, expressions, and thoughts among individuals, thereby fostering stronger
interpersonal connections. There are around 5% of the population of the world who suffer Deaf or hearing-impaired. Complex arm
movements with articulated hand forms and facial expressions are used for this purpose. However, the scope for them to communicate
with normal people is limited. Our objective is to leverage technology to address this communication gap. To achieve this goal, we present
a sophisticated framework in this paper that integrates sign language with cutting-edge machine learning and deep learning techniques. By
utilizing the capabilities of Media pipe and TensorFlow with Python, our framework's robustness is significantly improved.Custom made
data set is hybridized with American sign language data set during the experimentation. Experimentation results are encouraging with an
accuracy of 93%. Our approach holds significant promise in facilitating communication for those with hearing impairment and can lead to a

more inclusive society.

Keywords : Machine learning, Convolution Neural Networks, Hand Gestures, Arm movements.

INTRODUCTION

Individuals with hearing-impaired and voiceless mostly
communicate with others by using hand and body motions
in Sign Language (SL), both within their own community
and with other people.

Their syntax,vocabulary, and meaning are all unique from
both spoken and written language. In spoken language,
certain words and grammatical arrangements are mapped
to articulating sounds in order to express sense. Visual
hand and body gestures are employed in sign language to
communicate important ideas. These hand motions can be
categorized, and associated text can be produced, using
Deep Learning algorithms and image processing.Lingchen
Chen et.al [1], in their survey paper discussed various
approaches for hand gestures in sign language along with
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human computer interface.

Sign language makes extensive use of gestures to mimic
movement language, which is composed of a series of hand
and arm motions. There are various hand gestures and sign
languages used in various nations. According to some
sources, certain words that have not been translated can be
understood by employing the corresponding hand gestures
for each alphabet. Moreover, sign language has unique
motions for each letter of the English alphabet and every
number from O to 9.

Based on these, two categories of gesture—static gesture
and dynamic gesture—are used to classify sign languages.

The alphabet and numbers are represented using a static
gesture, however some concepts are expressed using a
dynamic gesture. Words, sentences, etc. are all dynamic.
While the latter encompasses the motion of the hands, the
head, or both, the former is limited to hand motions. Three
main elements make up sign language, which is a visual
language, including finger-spelling, a vocabulary of signs at
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the word level, and non-manual aspects. The latter, on the
other hand, transmits information by using keywords and
finger spelling, which spells words letter by letter.

Despite several research efforts over the past few
decades, designing a sign language translator is still fairly
difficult. Even identical signs can appear very differently
depending on the signer and the angle. Using the help of a
convolutional neural network, this work focuses on
developing a static sign language translator. In order to deal
with embedded devices, standalone applications, and online
apps that have fewer resources, we developed a lightweight
network.

LITERATURE REVIEW

Initially, the hand gesture recognition system used a sensor
glove to identify sign language gestures by detecting the
bending of the fingers through various sensors, such as
curvature sensors, flex sensors, and angular displacement
sensors. However, this method had limitations as individuals
with sensitive skin could experience harmful effects, and
wired connections caused discomfort with extended use.
Later, a color-based recognition system was developed that
used a glove with color blemishes to locate palm movements
and make it easier for the camera sensor to trace the
geometric shape of the hand. However, the use of gloves still

restricted the level of spontaneous interaction with the system.

Another system that used motion-based hand recognition with
the AdaBoost algorithm was also developed. This system
used picture data frames to identify hand gestures, but
efficiency and precision were reduced when multiple gestures

were active, and a dynamic background had an adverse effect.

Additionally, a depth-based recognition system was proposed,
which used a depth camera to produce 3D geometric data of
the hand. While this system proved to be immune to the
effects of skin color, lighting, and background cast, its limited
accessibility, cost, and spatial requirements hindered its
practicality.

N.Mohamed and colleagues conducted a comprehensive
analysis of the hand gestures that are linked to sign language
[2]. Based on which many sign level recognition systems
were made.

In their study, Davinder Kumar et al. conducted a thorough
assessment of the anatomical and physiological foundation
that serves as the basis for hand gesture recognition [3]. I.
Dhall and his co-authors explored the automation of hand
gestures[4], while S. Nitnaware and his team utilized the
multiprocessing library to create an entertainment framework
that facilitates visual communication for individuals who are
both deaf and mute[5]. S. Shanmugam et. al[6] employed
convolution neural networks for developing hand gesture
recognition, and J. -H. Sun and his team[7] proposed the use
of the CamShift algorithm with an AdaBoost classifier for real-
time hand gesture recognition. Al Farid F[8] suggested sub-
categories for gesture-based recognition and summarized the
associated methodologies. Additionally, G.M. Rao and his
team[9][10] investigated computer vision-based techniques for
detecting partial facial features and determining liveliness,
particularly through the analysis of eye blinking. Pramod
Kumar Pisharady et al. [11] presented a comprehensive
assessment of gesture recognition algorithms, incorporating
both qualitative and quantitative approaches, while Ming Jin
Cheok et al. [12] offered a comprehensive framework for the
gesture recognition process. Similar methods using deep
learning methods have been employed by M.Rao et. al
[13][14] for black fungus detection and handwritten digit
analysis.
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PROPOSED METHOD

The machine learning framework is developed to predict
hand movements from a video using Convolution Neural
Network in the suggested method. The model implements a
pattern classification method to recognize the gestures
provided from a web camera and perform actions
corresponding to the output.

The following figure illustrates the architectural framework
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ASLSvmboIE> Image Capture. [===sieme] Preprocessing [=<= Extraction
i
Pattemn Feature Feature
AsL Alphabet Recogition Matching === Btracton

Figure 1:Architectural framework

Import required packages

For the model to be implemented, the following packages
must be loaded in the Python platform (Framework is
developed using Python 3.8.8).

e OpenCV —-4.5

Open-Source Computer Vision Library is referred to as
OpenCV. It falls within the category of machine learning
software.. It is used for the acceleration of computer vision
streaming.

e Media Pipe — 0.8.5

Google created Media Pipe, a flexible platform for the
machine learning solutions. The framework is incredibly
lightweight, cross-platform, and open-source. Media Pipe
includes a number of machine learning (ML) per-trained
solutions, including face and object detection, pose
estimation, hand and object recognition, and more. To
identify the hand and its major features, we'll first use
Media Pipe. For every detected hand, Media Pipe returns a
total of 21 crucial points.

A Typical Convolutional Neural Network (CNN)
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Figure 2. Model of Convolution Neural Networks
Mathematically, this procedure is described as :Z = X * f

e Tensorflow — 2.5.0 Where X represents an input image and f represents the filter
The Google Brains team created TensorFlow, an open- used.lfthe image's dimensions are (n, n)
source library for machine learning and deep learning.
Deep neural networks are given special consideration,
despite  the fact that they are suitable to several
applications. The term "artificial neural networks" also
applies to neural networks. It is a part of artificial

and the filter's dimensions are (f, f), then output's
dimensions will be ((n-f+1), (n-f+1)).

intelligence and the core of deep learning algorithms. The Image Acquisition:
2]9 n:]aer:”t;rlal?] ;gg&i asltan r:anss epr;:EtI:eosn ft?]rethfogner\éiﬁggqt%nr: The first step involved capturing the camera's frame and

o g : determining the relevant area within the image. Due to
between neurons in living things. Neural networks are : .

; the need for accurate real-time translation, a powerful

made up of node layers, which are composed of layers . hni ble of d .
such as an input layer, one or more hidden layers, and an computer vision technique capable of detecting even
output layer ' ' minor variations between similar data was required.

OpenCV offers over 150 different color-space conversion
methods, but only two were considered in this instance:
BGR to Grey and BGR to HSV. The HSV format was
chosen for this study as it facilitates easier extraction of
the gesture compared to other formats, following the
conversion of the colored RGB format.

e Numpy —1.19.3
It is a library under the Python language, that allows users to
access data types like lists, dictionaries, tuples, and many
other mathematical functions employed in the construction of
this system. Segmentation:

Segmentation is another crucial element of the suggested
Reading frames from Webcam process. In the simple implementation, the process
exhibits a binary object that illustrates the segmentation.
The background is comprised of black pixels, while the
foreground is represented by white pixels.. In simple
Camera systems, a single parameter known as the intensity
threshold controls segmentation.

@ Classification:
<:| The mask images obtained are trained in Keras, a

e Python-based high-level API that can be implemented
over TensorFlow, through a convolution neural network
named Lenet. An example of a convolution neural

network (CNN, or ConvNet) are deep neural networks
used to analyse the visual representation process. CNN's
ﬂ use a multilayer perceptual variation that is intended to

need the least amount of prepossessing.

Com The Tensor Flow-based Keras system is used to build the
neural network after optimization procedures, with the
following hyper parameter values: This could seem
1 intimidating to someone who is unfamiliar with deep

learning. The most difficult information is concealed
L] behind the scenes using KERAS' simple and adaptable
Network Training API.

Is beat :> Ira.mSj,stem
e Identify key-points/gestures of the hand-gesture

No
@ Using the pre collected data stored in the database from the
system, the live video stream classifies the given hand
gesture and identifies with the gesture which is already
stored in the database based on the similarities among
them. The pre collected data has numerous data pictures
for each gesture to detect the live gesture more accurately
under every circumstance. To be briefer, it uses
Supervised Machine learning technique for the
identification of the gesture.

Test System

Yes
Claszsification

Notify emor to
LseT

Figure 3. The flowchart of the methodology used.
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RESULTS
0. WRIST 11, MIDDLE FINGER DI
. THUMBMC 12, MIDDLE FINGER TIP Ty e e e et 1o of our modefs
2 THUMBMCP 13, RING.FINGER MCP '
3., THUMBP 14, RING_FINGER PIP
4. THUMB TP 15. RING FINGER DIP
5, INDEX FINGER MCP 16, RING_FINGER TIP
6. INDEX FINGER PP 17, PINKY_MCP
7. INDEX FINGER DIP 18, PINKY PP
8. INDEX FINGER TP 19, PINKY_DIP
9. MIDDLE FINGER MCP 20, PINKY TP

10. MIDDLE FINGER PIP
Figure 4. The model of hand used in sign recognition

We used the standard American sign-level language as
the base for our sign level recognition.

AMERICAN SIGN LANGUAGE
A LPHAIBUET

IAN4A NS

G ER ARD AF - LAGUE COLLECTION Figure 8. The Model recognizing the hand gesture as "Ok”.

Figure 5.The Standard American sign-level language

(c) Good (d) Stoj (e) That (f)ﬁClosc (g) Family CO N C I— US I O N

extracting video frames.This technology enables the
identification and potential utilization of diverse hand gestures

Figure 6. Actions in Standard American sign-level language as computer inputs. Additionally, it has the capacity to convert
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In a nutshell, this approach has been successful in a variety
of project objectives, including:

1.Designing a sophisticated system that leverages computer
vision, Python, and OpenCV to identify, categorize, and
interpret hand gestures with high accuracy and efficiency.

2.Creating a comprehensive library of hand gestures,
including both numerical and sign language variations, that
aligns with the project's overarching objectives.

-

SCOPE

This method for recognizing hand gestures effectively
addresses the challenge of efficiently processing and

Eur. Chem. Bull. 2023,12(5), 3924-3928
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hand gestures that represent numbers into prompt commands
to efficiently execute required actions.Future studies may
focus on more reliable algorithms that can accurately handle

dynamic images while

also being used for hand gesture

identification.
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