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Abstract

An entirely new dynamical hand gesture detection method was
suggested in this paper based on joint data from the skeleton.
Based on HIF3D's feature set, the suggested approach aims to
represent entire body motions. Handwriting recognition was
the inspiration for this feature set, which makes it unique. Our
ultimate objective is to merge the representation and
recognition of hand gestures and entire body gestures.
Although we don't know when a gesture will begin or end, our
dataset comprises gestures that are extremely varied in length,
even though they are all part of the same class. This
complicates the task of determining the sliding window's
proper size. A deep learning algorithm is utilised to categorise
hand motions based on a matrix representation in this research,
which | have described in detail.
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Introduction

Due to the fact that it is a component of Machine Learning,
Deep Learning has risen in popularity in recent years. It has a
variety of applications in today's world, ranging from
categorising images and translating languages to developing
the components of an autonomous vehicle. All of these
functions are now performed entirely by computers, with no
need for human intervention whatsoever.

Technological breakthroughs have made it possible to make
tremendous progress in commercialized 3D sensing over the
past few of years, which has greatly benefited the exploration
of dynamic hand gesture detection. Whole-body movement
recognition, on the other hand, has gained in popularity that
since introduction of Kinect-style sensors. To anyone who pays
attention, it should be evident that both research areas are
focused with motions created by humans and that they are
likely to encounter similar hurdles in their respective
endeavours. In order to determine whether an action
recognition feature-set is suitable for modelling dynamic hand
gestures using skeleton data, the goal of this research is to
evaluate its usefulness for this purpose. Even more concerning
is that a large proportion of the known datasets is composed of
previously divided movements, each of which is done with a
single hand. A more complicated dataset resulted as a result of
this, consisting of unbranched streams containing 13 different
hand motion categories produced with such a single touch of
two arms, which was much difficult to segment. The DHG
dataset was used as a starting point for our evaluation, and then
we collected our new data to complete the evaluation. It has
been found that the results obtained with this technique are
better than those achieved with previous techniques.
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(a) The joints we've chosen to symbolise our dynamic hand
gestures.
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(b) Trajectories forming a 3D pattern are seen in this diagram.
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Figure (b) shows the generated 3D pattern S. For example, the
first and second constructed trajectories represent the wrist and
palm joints. The order of assembly trajectories remains: wrist,
palm, thumb, index, middle, ring, pinky. From there it's on to
HIF3D features extractor. The generated features reported
increased level information about the 3D pattern's shape. The
very first characteristics f;, f, and f5 (equation 1) represent the
commencement of a gesture along the X, Y, and Z axes. In fact,
the initial and end points' placements are often used to
distinguish patterns.
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Cx Cy, and ¢, are the coordinates with x,, y; and z, of the centre
of the box bounding S.

Furthermore, because HIF3D features can only represent
spatial information (hand shape change), we need to capture
temporal information as well. The only way to identify some
movements, such as reversing gestures with the same spatial
properties, is through temporal sequencing. So we extract
HIF3D features using the Temporal Pyramid (TP). This
technique extracts features from overlapping sub-sequences
arising from a temporal split of a global gesture sequence.
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The benefit of Deep Learning
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We are living in the "Big Data Era" of technology, which
means that we have a lot of data that cannot be processed using
typical machine learning algorithms, but that can be processed
using deep learning. It goes without saying that as the amount
of data increases, deep learning will almost surely improve the
performance of a model. As a result, Deep Learning is rising in
popularity as a result of its superiority in terms of consistency
when trained with a large volume of data.

Deep machine - learning technique wherein we provide an
input X to it and then use it to estimate an output Y, such as
when given several labelled photographs of dogs and cats and
then using deep learning to formulate hypotheses for the new
unbranded image of a cat or dog (for example). The question
then becomes, how does deep learning accomplish this? So,
fundamentally, a deep learning algorithms is comprised of a
neuron that takes a labelled dataset and attempts to discover
patterns between the input and its labels in the same way that
the human brain does, and then makes predictions based on this
experience.

It is composed of three layers: the input layer, the hidden
layers, and the output layer, which is composed of a collections
of neuron (or nodes). When working with images, the input
layers accept an array of data (pixel values in this case), and
predictions are made at the output nodes, while convolution
layers are related with the majority of the calculation. When
there are a significant number of neuron layers in a network, it
is referred to as a deep neural network, and only deep learning
is possible at that point. As a result, deep neural networks
enhance their ability to mimic new complex functions as more
neural layers are added.

There are several different types of neural networks.

There are several distinct types of neural networks that can be
used for a variety of tasks, including Dense Deep Neural
network, Convolutional Neural Network, Recurrent Neural
Network, and others. Besides these layers, there are additional
layers such as Pooling Layer, Dropout Layer, Activation
Function, and so on, all of which work together to make the
results of the model as efficient as possible.

Convolutional Neural Networks (CNN)

Computer vision, such as picture categorization, face
recognition, and object detection, among other things, is where
CNN is most commonly utilised. To classify images, CNNs are
used, which are preceded by neural layer and activation
functions, to take an input image and consider these as an array
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set of pixels, processing it by looking for patterns in the image,
and then classify the image into the categories or classes
specified in the statement of the problem. The image(the input
layer) will accept perhaps an arrays of RGB matrix (3 channels)
or a grayscale matrix as its input data (1 channel).

CNN's Architectural Design

CNN architecture would be built of convolutional layers
(filters), pooling layer, fully connected layer (Dense), and
finally output layers in deep learning.

Layer of Convolutional Neural Networks

In this case, the filter would be used to study features from an
image through convolving it with the image, which is a
mathematical function, and now a new matrix will be formed,
which will contain the learned features such as edge detections,
sharpening or blurring the image, among other things.

Matrix representation in a CNN
Layers of Pooling

Using this layer, you may do a down - sampling technique on
the images that are fed into it, resulting in a compression of the
input images, which means they go from a much more
implemented in various to a less precise image that contains
more information. It can take on a variety of forms:

1. Max Pooling (also known as maximum pooling)
2. Pooling on an Average Basis
3. Sum Pooling (also known as sum pooling)

A layer of pooling is used in CNN's architecture.
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When using Max Pooling, the largest component from the
corrected feature map is used, and when using Sum Pooling, it
is used to take the sum among all components with in feature
map.

Layer that is completely connected

The matrix would be flattened at this layer, immediately
following the CNN network and pooling, before being fed to
the Fully Connected Layer, just like a neural networks. Next,
at the last layer, an activation function such as softmax or
sigmoid will be applied in classifying the output, with the
number of neurons inside the final layer equal to the number of
classifications in the output.

An input-output set of data layer thread
Activation of the Functionality
Itis a nonlinear layer that is placed at the end of and in between

X1

X2 X1
X3 X2
X4 X3
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neural networks, and it is this layer that determines the output

import math

import numpy as np

import h5py

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.python.framework import ops
import keras

from keras import backend as K

of each node. The following activation functions are available:
Sigmoid, ReLU, Leaky ReLU, Softmax, and so on.

Activation Functions
Activation Functions List

Classification of Hand Gestures Using Python
Programming
train_dataset = hSpy.File( "train_signs.h5', "r")

test_dataset =hSpy.File('test_signs.h5',"r")
A dataset that contains photographs of various hand gestures,

Activation function Equation Example 1D Graph
Unit step 0, <0, Perceptron {
(Heaviside) #)=105 =0, variant _l_.
I, z>0,
Sign (Signum) -1 <0 Perceptron t
o) = z=0, variant :,:
I >0,
Linear Adaline, linear t
)=z regression _/4.
Piece-wise linear I} 12 1, Support vector t
Jn]:[;vT. -leze ! machine _L.
0
O

Logistic (sigmoid) Logistic
regression,
Multi-layer NN

h

Hyperbolic tangent ) - Multi-layer NN

y_train=keras.utils.to_categorical(y_train,classes.shape[1l])

y_test=keras.utils.to_categorical(y_test,classes.shape[l])

print ("number of training examples = " + str(x_train.shape[®]))

print ("number of test examples = " + str(x_test.shape[@]))
+ str(x_train.shape))

print + str(y_train.shape))

(
(

print ("X_train shape: "
("Y_train shape: "
(

print ("X_test shape: " + str(x_test.shape))

print ("Y_test shape: " + str(y_test.shape))
or by a fist, palm, displaying the thumb, and others, was utilised
as in Hand Gesture Classification task. These images can be
further used to indicate counts ranging from 1 to 5 using these
hand motions can be found here.

There are numerous techniques in learning algorithms for
classification, so we'll be applying Deep learning only with aid
of Convolution Neural Networks (CNN) is stated above, as
well as Keras to do this ( an open source neural
networks library wrote in a Python). Keras is simple and fast,
and it also has support for CNN, and it performs flawlessly on
both the CPU and the GPU at the same time.

Technologies that were used:
Copyrights @Kalahari Journals

¥_trainznp.array(train_dataset[ 'train_set_x'][:1)
y_train=np.array(train_dataset['train_set_y'][:])
¥_testznp.array(test_dataset[ 'test_set_x']1[:]1)
xxx_test=np.array(test_dataset['test_set_x'][:])
y_testznp.array(test_dataset[ 'test_set_y']1[:])

= Python3

=  Tools and libraries that were used:

a) Google Collaborator.

b) Keras

¢) Tensor-Flow

Import all of the necessary libraries.

Dataset loading

It is necessary to note that we have two sets of data — one for
training and another for testing. Using a training data of 1080
photos and a test dataset of 120 images, with six labels to
classify, ranging from 0 to 5, the training and test datasets are
used to train the model. Each image will have a resolution of
64x64 pixels.

The h5py format has been used to store the dataset in question.
An interface to the HDF5 binary datatype written in Python is
provided by the h5py package. HDF5 allows you to store
thousands of datasets in a single file with the help of a single
file. Due to the fact that they allow standard mode like r/w/a, it
is necessary to load our dataset, which comprises images in the
r mode.

Following the loading of the dataset, the following stage will
be to convert the image pixel values into a collection of arrays
and labels, with each array representing a different training and
test dataset.

Normalization of a dataset is a process in which In order to
make the dataset more manageable, we'll divide the number of
pixels by 255 and then normalise the dataset by multiplying the
normalised values by 255.

¥_train=x_train/255
®_test=x_test/255

The process of converting basic values to classifier metric for
use in both the training and test sets

Using Keras, construct a CNN architecture.

In deep learning, a sequentially model is a linear stacking of
layers that is used to generate deep learning models such as the
instance of the a Sequential model, which is created first and
then layers are added to that too piecewise.

When you use the conv2d filter, you're simply creating a kernel
that's been convolved only with input layer (at its original level,
which is the picture) and then producing a new array (tensor).
When building this layer, we must include the following
arguments: filtering (number of outputs filter in the
convolutions), kernel size (dimensions of a kernel), strides
(number of steps in the convolution).
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nodel. Fit(x_train,y_train,epochs=140,batch_size=64,validation_data=(x_test,y test))

on 1030 samples, validate on 120 samples

] - 4s 3ms/step - loss: ©.4617 - acc: 9.8546 - val_loss: 0.6674 -

y_pred=model.predict(x_test)

Training Accuracy: 0.9213 (after last epoch)
Testing Accuracy : 0.8083

In addition to accepting some arguments such as pool size (the
maximum number of pooling window), strides, paddings, and
so on, MaxPooling2D performs a down - sampling procedure
just on input of this layer, which means this will condense the
input image with much more specifics to under detailed images
like some features (such as boundaries) have already been
identified. Conv2D also acknowledges some arguments such
as pool size (the maximum number of pooling window),
strides, paddings, and so on.

After the sequence of convolutional-pooling layers, a fully
connected convolution layer will be applied, which resulting in
an N-dimensional vectors, where N represents the size of
classes wherein the model chooses the appropriate class.

It applies the Dropout function on the incoming data. In order
to avoid the model from overfitting, this strategy involves
setting the weights from some redundant neuron in a given
layer to zero.

Import all of the module from Keras in order to build a

from keras.models import Sequential
from keras.layers import Conv2D,MaxPooling2D,Activation

from keras.layers import Flatten,Dense,Dropout
CNN infrastructure.
This function builds a model & add layers to it.

The code shows that we have generated a neural network
with two convolution layers followed by a max pool layer to
activation function "relu” in both layers, where first layer has
eight filters of size (4,4) and the maximum pool size (8,8), and
the second layer has sixteen filters of size (2,2) and the
maximum pool is (44,4), and padding will be the same in each
layer. In our output, we have six classes to forecast, so we will
flatten the outputs of the convolutions and then add another
fully - connected (Dense) with six nodes in it. This is because
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we have six classes to predict in our output.
This function prepares the models for training.
Models are being trained.

As previously said, we will train our models by feeding it the
labelled dataset (as previously loaded), i.e. the training dataset
will act as the training data and the testing dataset will act as
the validating dataset. Using Keras, it will be simple to train
our model using the fit technique, and throughout the training
process, it will go off 140 iteration in order to update the weight
values of a neural networks with the help of optimizers.

Modeling and testing are being carried out.

As soon as we have finished training the model, we will test it
on a new dataset (test dataset). We will use an evaluation
method that returns loss and accuracy values for the models in
test mode; its input will be test images as well as target
variables (i.e. the test images and the test variables), and its
output will be the loss and accuracy values for the models in
test mode;

Then, using the predict method, we will estimate the outputs
for the input samples, which are the test datasets.

Conclusion

The Hand Gesture dataset was identified using
Convolution Neural Networks with the assistance of Keras, a

score=model.evaluate(x_test,y_test,batch_size=64)
print('test_loss: ',score[@])

print('test accuracy:',score[l])

Python-based neural-network library that is open-sourced and
developed in Python. Keras is preferential because it rises the
computation of deep neural networks architecture by providing
a few functions that are required for optimization, such as
backpropagation, gradient descent, and so on, and it reduces the
computation time. Deep neural network neural network
architecture is preferred because it is more efficient. In addition
to pre-trained models and weights, Keras includes applications
that give some pre-trained models and weights that can be used
directly for prediction, extraction of features, and fine-tuning.
Do take a look at Analytics Steps for additional updates on the
subject.
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