Grenze International Journal of Engineering and Technology, Jan Issue
Scientific Society

CNN based Model for Hand Gesture Recognition and
Detection Developed for Specially Disabled People

Prof. Sonali Rangdale?, Prasanna Sarkarkar?, Shubham Kadam?, Himanshu Tegyalwar*, Chetan Waghmare® and
Shreyas Shinde®
1-6JSPM’s Rajarshi Shahu College of Engineering, Tathawade, Pune-411033, India
Email: sprangdale_it@jspmrscoe.edu.in, prasannasakarkar@gmail.com, himanshureddy0846@gmail.com

Abstract—The objective of paper is to study a deep learning strategy for recognizing Indian
Sign Language (ISL) using convolutional neural networks CNN. Sign language recognition has
become a crucial tool for enhancing communication and accessibility for the deaf in India. ISL
is a visual-gestural language used by the deaf population in India, and it is a visual-gestural
language used by the deaf community in India. Gesture based communication Application is a
characteristic language that involves various methods for articulation for correspondence in
day-to-day existence. This paper presents a Programmed interpretation framework for token of
manual letters in order in English communication via gestures. It manages pictures of
uncovered hands, which permits the client to cooperate with the framework in a characteristic
manner. In proposed system a deep learning model using CNN with ISL (Indian Sign
Language) Dataset is used. The model consists of preprocessing the dataset to extract features
from the image, then train a CNN to recognize the signs and gestures with audio. Experimental
results show that the proposed approach is capable of achieving accuracy in recognizing ISL
signs and gestures with accuracy of 0.868, recall 0.856, precision 0.863, and F-score is 0.884
respectively.
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|. INTRODUCTION

One of the most popular research subjects in recent years has been hand gesture recognition systems. The
disabled individual uses gestures to communicate as they are unable to speak or talk. There are many individuals
in the world who are unable to comprehend hand signals or sign language. The automatic system that can
recognize motions and their meaning for everyone who does not understand sign language.

Sign Language could be a gesture-based communication that uses face features, hand gestures, and hand
orientation. That sort of speech contains unique patterns depending on the person and isn't widespread. Nepali
linguistic communication is different from that in India, the United States and also in other Asian countries. the
public has not got previous information linguistic communication any kind, People who are deaf-mute find it
more and more difficult to converse without a translation, which makes them feel alone. linguistic
communication Recognition has been acknowledged as a broadly agreed communication approach between
deaf-mute people and normal people. Recognition models square measure classified underneath pc systems
based on sensors and vision. In laptop gesture recognition using vision the use of a camera for input and the
visual processing of input signals completed prior to being identified. The gestures were evaluated, and after that
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they were identified as victims by different methods like Hidden using the Andre Markoff Model and neural
network methods The position of the camera, the background, and lightning sensitivity are some of the
environmental concerns with the picture collecting approach used in vision-based sign gesture recognition.
However, it is simpler and more cost-effective than using a tool and hunting for information. But Hidden
Markov Models and Neural Network Techniques John Markoff For more precision, a model area unit is utilized
in conjunction with device knowledge

Il. LITERATURE SURVEY

This paper tends to study the options of gesture within the Sign Communications and the related issues of how to
effectively describe the possibilities. We'll give a brief review of the current Sign notations, which allow
Americans can capture all Sign components as a series of characters using alphanumeric and several graphic
components. Additionally, researchers tend to support the use of sign orthography to convey Russian linguistic
communication in cases where signs and rules allow Americans to briefly and precisely describe the
spatiotemporal style of signs. The next section, we provide examples of proof writing that uses these characters.
[2]

In Bangladesh, as well as the rest of the world, it is extremely difficult to establish contact between Sign and
non-Sign people because the majority of non-Sign people don't understand linguistic communication. We
developed a rule-based system for translating Bangla voice and text into Bangla in order to facilitate effective
communication between Sign and non-Sign people. The proposed methodology accepts voice and Bangla text as
input, and this input text is parsed using Bangla linguistics. The system associates and shows the signs with the
relevant trained animated Bangla signs during parsing. The model is trained with fourteen animated Bangla
numeral signs (0-9, 100,000, 500,000, Core) for the second animation. One hundred fully varied Bangla
Composite Numeral lengths are used to evaluate the system. [3]

This paper tends to project a completely unique framework for videos that have been compressed that utilize
global motion estimation (GME) and global motion compensation (GMC). This framework makes use of the
motion vectors (MVs), which are inherent in the compressed videos and are part of the decoded videos. When
there are moving objects in a video, evaluating the global motion (GM) parameter vector can be challenging
since it contains so many moving areas. In this approach, we proposed an entirely unique method for eliminating
the moving regions from a video, supporting a bar chart of MV magnitudes. When estimating the global motion
(GM) parameter vector, the MVs that are similar to background motion blocks (MBs) are selected from the bin
that is similar to the bar chart's height price. After receiving the message, its compensation is fully completed by
subtracting it from the first MV field. In spite of several outliers, their algorithmic program's performance for
American Sign Language (ASL) videos encoded with the H.264/AVC JM encoder is satisfactory. [4]

In the 2011 volume of the Mexican signing wordbook, which was published by the CONAPRED (National
Council to Combat Discrimination), a new formula is presented in this article as support for people interested in
learning signing. Associate degree through geometric modelling up to twenty-seven signs that are frequently
statically sculpture-like, including an accuracy of ninety-nine. The method utilizes the Leap Motion device's
shadow communication to record the orientation of each finger on each hand. [5]

One of the methods of interaction for deaf is sign language. As move beside them, one has to learn to sing.
Mentor teams are often where learning happens. There aren't many study resources available for learning signs.
Because of this, learning sign language could be challenging. When a comparable sign is absent or the signer is
unaware of it, finger-spelled gestures are utilized, which is the very first step of sign learning. The majority of
the currently available solutions for learning sign language rely on expensive multiple sensors. a cost-effective
fingerspelled sign education tool for Indian signing that uses the Fully automated signing Detection technique, is
discussed in this study. With no outside assistance, Sign Quiz makes it easier to find signs. This is frequently the
first attempt to learn finger-spelled signals in Indian signing (ISL Analysis shows that for learning finger-spelled
signs, Sign Quiz is more effective than writing. [6]

Due to the creation of revolutionary deep learning algorithms, researchers have been devoting Brobdingnagian
focus to signature translations. However, very few There are projects underway to convert Bengal signing for
deaf persons. This paper suggests a straightforward technique for transcribing Bangla signing into text using
convolutional neural networks and customized Region of Interest segmentation. Five hand signals are taught
using a special image database, and they are then put into action on a portable Raspberry Pi. By using ROI
selection methodology, this method achieves better results over conventional strategies in terms of good
accuracy as well as real-time recognition via footage stream from a digital camera. This methodology helps to
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supply associate degree economical model that ultimately ends up in straightforward addition of a lot of signs to
the ultimate paradigm created mistreatment Raspberry Pi. [7]

The Covid-19 outbreak pushed people to stay at home, and the majority of occupations moved to work from
home mode. To maintain connectivity while in a remote location, the planet moved to video conferencing. Due
to this, there was a shortage of translators for hard of hearing people. Since there are no reliable tools available to
translate it in these applications, it is difficult for deaf-mute persons to communicate with others. Therefore, a
Translator built into these virtual meeting tools would be helpful for these persons to talk. This model utilizes a
neural network algorithmic rule to identify and translate the signs. This concept is implemented in a virtual
meeting framework that allows the use of the Sign Gesture Translation function, and the other user of the
program will receive the translation in writing in actual time.[9]

I1l. PROPOSED METHODOLOGY

This study employs Python's convolutional neural network to detect hand gestures using laptop vision. the
primary dataset up to this point has been American English alphabets. The gesture samples were compiled using
TensorFlow and other Python libraries and software, and then trained using these tools. Model CNN Speech is
created again from the identified input. This may provide one-way communication since someone working for a
UN agency who does not understand language will be given access to a gesture. Additionally, in order to
facilitate two-way communication, this document also offers text to linguistic communication conversion, which
enables someone who does not understand linguistic communication to translate text into linguistic
communication finger spelling that the signer would understand.

Data Acquisition: - Through the use of various webcams on various laptops, photos of the various American
alphabets were gathered. First, a knowledge collection program was developed in Python using the OpenCV
library modules, and then work began on a knowledge preparation software to turn the scaled photos into
grayscale images.

CNN model: - Convolutional neural networks are created primarily to draw conclusions from visual data,
including such images and movies. In contrast to conventional machine learning techniques, the options are
retrieved and trained to train the model, increasing recognition accuracy. CNNs are used in a wide range of
fields, including business intelligence, robotics, medical imaging, and signal processing. Unexpectedly better
results are obtained using CNNs on the unreduced and smaller dataset.

The CNN design is made up of a variety of layers, which can be considered of as useful deep learning
implementation units. The design uses a computer file using predetermined hyperparameters and decides on the
weights and biases by learning from the data. A validation dataset, or district of original data set aside prior
coaching, is used to check the validity of the teaching approach once for each iteration.

IV. SYSTEM ARCHITECTURE

Convolution layer- From the input images, convolution layers extract image features. The convolution filters are
used to apply filters to the image to create the feature maps. The variety of feature maps is sufficient.

Pooling Layer: - By selecting the highest constituent value or the normal constituent value from a set of pixels,
the pooling layer decreases the dimension of a images. The pooling windows or areas in this case do not coincide
on image regions. Layer pooling is useful for cutting down on computational hundreds.

Flatten Layer: The result nodes from the preceding layer are extracted, segregated, or planarized, and weight are
provided to every node individually.

Dense Layer: The quantity of units laid out in the program has an impact on the dense layer's output shape. It's a
typical NN layer that does nothing more than apply activation and generate output.

Dropout Layer: The CNN design may experience overfitting, in which the model is exclusively trained on
training data then failures on any new information. Dropout, which means removing randomly selected nodes
from each iteration of the learning process, is the solution to prevent overfitting.

TensorFlow Lite: - The popular open-source machine learning framework TensorFlow has a lighter version
called TensorFlow Lite. It enables developers to install machine learning models on these devices and is made to
work on devices with limited resources, such mobile and embedded devices. TensorFlow Lite has a number of
advantages, including:

Faster inference: Compared to the whole TensorFlow framework, TensorFlow Lite is designed for mobile and
embedded devices, enabling faster inference times.
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Flexibility: TensorFlow Lite allows developers to use the framework in a variety of situations by supporting a
large number of platforms and programming languages On mobile and embedded devices, TensorFlow Lite can
be used for speech recognition, object identification, image classification, and natural language processing
Following are the modules of proposed system.

Pre-processing of images: - Training on image data may lead to poor results. In order to attain precision, a
straightforward image analysis approach can be used. Reduce training time and energy usage with image
processing methods like RGB to Gray conversion. Image noise can sometimes be eliminated.

Feature Extraction: -The more than reduction approach, in which an initial collection of data is divided and
reduced to many manageable groups, includes feature extraction. Thus, it will be simpler to use the procedure
when necessary.

CNN: - System is implemented by using CNN. Convolutional neural networks are created primarily to draw
conclusions from visual data, including such images and movies. In contrast to conventional machine learning
techniques, the options are retrieved and trained to train the model, increasing recognition accuracy. CNNs are
used in a wide range of fields, including business intelligence, robotics, medical imaging, and signal processing.
Unexpectedly better results are obtained using CNNs on the unreduced and smaller dataset. The CNN design is
made up of a variety of layers, which can be considered of as useful deep learning implementation units. The
design uses a computer file using predetermined hyperparameters and decides on the weights and biases by
learning from the data. A validation dataset, or district of original data set aside prior coaching, is used to check
the validity of the teaching approach once for each iteration.

Fig 1: System Architecture of the model using CNN
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Fig 2: Accuracy results of system per epoch

V. COMPARATIVE ANALYSIS

A. CNNs VS SVM

Feature extraction: Handcrafted feature extraction is necessary for SVMs, but it can be time-consuming and
ineffective for complicated data. On the other hand, CNNs can achieve high accuracy without the use of hand-
crafted features because they can automatically acquire features from the raw data.
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Performance: In activities involving sign language recognition, CNNs have been found to perform better than
SVMs. CNNs are capable of learning intricate spatial patterns and are proficient at identifying hand movements.
SVMs, however, might not be as good at identifying complicated patterns and might need more training data.
Time: SVM training takes less time than CNN training compared to both. This is so because SVMs learn more
quickly and have a more straightforward architecture than CNNs. With more parameters and a more intricate
architecture, CNNs can attain higher accuracy.

B. CNN VS K-NN

Feature Extraction: - In order to autonomously extract feat from images, CNN employs convolutional layers.
This implies that without the need for manual feature extraction, the network learns to recognize patterns and
features in the images. On the other hand, KNN depends on directly removing features from the images before
using the algorithm. This can take a lot of effort and might call for domain knowledge.

Speed: - KNN is a straightforward algorithm with quick forecast times. However, as the training set gets larger,
it takes longer to identify a new instance. Contrarily, CNN is a more intricate algorithm that needs more
processing capacity to train and make predictions. Once trained, it can rapidly classify new instances, though.
Accuracy: - CNN has demonstrated a high degree of precision in image classification tasks, including the
recognition of sign language. This is due to the fact that it can instantly recognize intricate features and patterns
in the data. When working with complex and high-dimensional data, KNN might not function as well as CNN.
When working with a large number of features, it might also experience the dimensionality curse.

C. CNN VS Decision Trees

Accuracy: CNNs are frequently praised for their great accuracy in image recognition tasks, particularly when
trained on significant amounts of data. With the use of conventional machine learning techniques like Decision
Trees, they can learn intricate features in photos that are challenging to record. Yet, decision trees can also do
simple picture identification tasks with a high degree of accuracy.

Training time: In comparison to Decision Trees, CNNs typically require higher computational resources and
training time. Depending on the complexity of the network and the quantity of the training dataset, training a
CNN from scratch can take days or even weeks. However, when working with small to medium-sized datasets,
Decision Trees can be trained rather quickly.

VI. RESULTS

The experimental results with ISL dataset are summarized in following table.

TABLE |. EXPERIMENTAL RESULTS WITH ISL DATASET

signs precision recall | fl-score

Ime 0.87 0.85 0.84
Like 0.83 0.80 0.81
All the best 0.89 0.85 0.83
Best of luck 0.84 0.80 0.75
I love u 0.80 0.85 0.87
Bye 0.89 0.83 0.80
Welcome 0.92 0.94 0.88
you 0.86 0.83 0.84
Nice 0.86 0.82 0.84
Accuracy 0.863 0.856 | 0.884

/_——' e —

Fig 3: Results of Deep Learning algorithms
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Fig 4 a) Actual sign convention Fig 4 b) Conversion of sign to text

VIl. FUTURE SCOPE

Existing system can be upgraded by using video capturing and Sentence prediction with audio. Moreover the
model can be extende with addition of different Sign language for different people.

VI111. CONCLUSION

Convolutional Neural Networks (CNN)-based sign language recognition systems have the potential to be
incredibly effective tools for precisely identifying and deciphering sign language motions. The input data in this
instance are sign language movements, which CNNs, potent deep learning algorithms, can learn from and extract
significant characteristics from. The system is trained to accurately recognize a variety of gestures by feeding it a
large dataset of sign language during the CNN training process. Overall accuracy of CNN model is 86% which is
better as compared to other Deep Learning Models.
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