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Abstract:

Deep Learning and Machine Learning is the fastest growing technology that has a wide range
of applications, one of which is the medical field. The cardiac attack has become a global
alarming issue, that is leading to 17.9 million deaths worldwide every year. There is a necessity
of predicting the cardiac attack at the earlier phase to avoid further growth in the death rate due
to cardiac attacks. There are many techniques proposed so far in prediction of the heart stroke.
Yet, many deaths take place every year globally. The major contribution of this research work
is to find the best approach, that can give better accuracy to predict the cardiac attack. In this
research work, we used both machine learning and the deep learning approach, to predict heart
stroke with the best accuracy. This research work is conducted on different machine learning
models such as, the support vector machine, the decision tree algorithm, the random forest
algorithm, and the logistic regression, the study also includes the implementation of the dense
artificial neural network to find an appropriate model that can predict the heart stroke with the
best accuracy. In this research work, the deep learning approach gave 93.80 percent accuracy.
The accuracy acquired by the machine learning models posed a problem with low accuracy,
the accuracy can be improved in future by working with the hyperparameters. The results ac-

quired by each model are presented in this study.
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Chapter 1: Introduction

The heart is like a muscular organ which is in size of your fist, and it pumps blood to all the
organs in your body. It pumps the blood through a network of arteries and veins which is known
as the cardiovascular system (NHS, 2020). It is a vital organ in our body that supplies blood
and all-sufficient nutrients to all other parts of our body. A heart is made up of the epicardial,
the myocardial, and the endocardial layers which are surrounded by the pericardial thin outer
layer. Four chambers build up our circulatory system, two to the left and two to the right (NHS,
2020). The two upper chambers are known as atria, and the lower chambers are known as
ventricles. The two right and the left valves are separated by a muscle like a wall known as the
septum. The four valves aortic valve, mitral valve to the left side and pulmonary valve, tricuspid

valve to the right side (NHS, 2020).

1.1 Cardiovascular Diseases:

As per the World Health Organisation, cardiovascular diseases take the first place globally,
that 17.9 million people lose their lives every year. There are a group of disorders that come
under the list of cardiovascular diseases namely, coronary heart disease, cerebrovascular
disease, rheumatic heart disease, and so on. Out of all these disorders, the major death cases
are due to heart attacks and heart strokes, and these deaths occur mostly in people under 70

years of age (WHO, 2020).

Many risk factors lead to this heart stroke, which mostly includes a person’s behavior factors
that involve, a huge amount of tobacco consumption, a high quantity of alcohol consumption,
inadequate physical activity, and improper diet. The physiological factors involve high blood
pressure, high blood sugar, and glucose levels, cholesterol, etc (WHO, 2020). All these cases

are rising every coming year due to a lack of early detection. This problem can be solved if we

11




can detect the issue early enough. This is only possible with developing technology like

Machine Learning and Deep Learning.

1.2 Aim and Objective:

The main objective of this project is to provide a medium for cardiovascular disease suffering
patients to easily predict their health status based on their present health condition and his
previous heart ECG recordings. So, users can know their heart condition and know if they are
prone to a heart attack. Machine Learning and Deep Learning are ruling today’s technological
world. This project comprises both Machine Learning and Deep Learning models to predict a
person’s health condition. The main objectives of this research work include classifying a

person’s heartbeat signals collected from ECG recordings.

1.3 Structure of the Dissertation Work:

Chapter one of the dissertation discusses the problem concerned with the research topic, the
main aim and objective of the research work, and the introduction to the research topic. Chapter
two of the research work discusses the related work and the literature review about the topics
worked on in the research work. Chapter three completely deals with the research methodology
and the takeaway of the research work. Chapter four of the research work discusses the software
tools used and hardware specifications that are used and considered in this research work.
Chapter five of the research work deals with the result analysis and discussion of the results
acquired in this research work. Chapter six includes the conclusion and the future scope of the

research work.

1.4 Challenges and Limitations:

The major objective of this research work is to classify the normal and abnormal heartbeats of
the electrocardiogram signals and also to classify the patient’s details to predict the health
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condition of the person and the heart stroke of the person by training the machine learning and
the deep learning model with the training data to predict the test data and give possible results.
The main challenge that occurred during the research work is attaining the best accuracy and
the major limitation is the availability of the data. The data available is only around 3000
electrocardiogram recordings, but the deep learning and the machine learning model require a

large amount of data to train the model.
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Chapter 2: Literature Review

2.1 Introduction:

It is necessary to start with the background study before we dive into our work to add hallmarks
to my work that differentiates my work with existing studies. This section of research work
will give a wider review of both Machine Learning and Deep Learning Models. This section
discusses the Machine Learning algorithms like Linear Regression, Support Vector Machine,
Decision Tree algorithm, ANN. In this section, we will also discuss the techniques in signal
processing. The literature review gives us a clear view of the former researches in the domain

you are working so far.

2.2 Machine Learning:

Machine Learning is a science of artificial intelligence that allows systems to learn themselves
from their experience, data, and the examples provided. Machines learn from previous data and
earlier experiences. It is a science that makes machines smarter to work on their own by
learning various algorithms like regression and classification algorithms (The Royal Society,
2017). This research is based on the predictive analysis of heart stroke based on extracting the
data from signals available from the recorded electrocardiogram signals (ECG). Machine
Learning has a vast range of applications and is one of the faster-growing techniques of
artificial intelligence. Machine Learning is also concerned about bringing out meaningful

patterns in our data to analyze the data (The Royal Society, 2017).

Moreover, Machine Learning tools are adapted to learn from the data provided or from their
previous experiences. Machine Learning is a science that lies at the intersection of computer

science, statistics, and data science.
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Machine Learning has three key types of learning models they are:

1) Supervised Machine Learning.

2) Unsupervised Machine Learning.

3) Reinforcement Machine Learning.

Fig 2.1: Types of Machine Learning.

2.2.1 Supervised Machine Learning:

Supervised Machine Learning models are the type of models that gives certain output based on

the trained data that is included with training labels. The two major tasks done by Supervised

Machine Learning are Regression and Classification (The Royal Society, 2017.). Here the

machines learn from the data provided, known as training data to predict the result or the test

data.
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Fig 2.2: Types of Supervised Machine Learning.

2.2.2 Unsupervised Machine Learning:

Unsupervised Machine Learning models are the models that are trained on unlabelled data,
these models mostly tend to detect the characteristics of the data points that make the data
points (The Royal Society, 2017.). The mostly used Unsupervised Learning technique is

clustering.

2.2.3 Reinforcement Machine Learning:

Reinforcement Machine Learning is based on learning from experience and it lies between
Supervised Machine Learning and Unsupervised Machine Learning models (The Royal
Society, 2017.). In this type of model, the agent interacts with its environment to get a reward

function and try to optimize it.
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2.3 Decision Tree Algorithm:

Decision Tree algorithm is more frequently applied inductive inference algorithm so far in the
history of Machine Learning. A Decision Tree classifier can be treated as a Boolean function
and also as a function of discrete values. Decision tree algorithms are mostly used to solve
classification and prediction problems (Zhong, 2016.). For solving classification problems the
decision tree is used as a method, and in the case of predictive modeling, it is used in

classification and clustering.

Attribute Value Root
"'.. .................. N 2 d €
P, >
L 4
Node 1 Head 2
%

Fig 2.3: Basic structure of a decision tree (Zhong, 2016).

The decision tree algorithm follows the “divide and rule” method, here, the workspace is
divided into many subsets. Now a tree is built for the process of classification, and once it is

done with building the tree, a tuple in the dataset is applied to the model to get the classification
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result (Zhong, 2016.). The decision tree structure is more similar to the structure of a flow
chart. The Decision is built recursively by increasing the information gain of the reduced
dataset. Decision Tree algorithms have a wide domain application, it is used to compare data
statistically (HackerEarth, 2020.). This algorithm can be used in the medical field for diagnosis

of the heart, brain, lungs, and so on.

Sometimes, we have to analyze a set of records and draw a conclusion from those set of records,
we use statistics and now the time changed and we started predicting the results using decision
tree algorithm. The primary reason that we use the decision tree algorithm for diagnosis in the
medical field is that it does not require statistical knowledge. In the medical field, The Decision
tree algorithm is widely used to recognize the data or to extract the data. It is also used for

interpreting incomplete data.

In this research topic, The Decision tree algorithm is used to classify the labels as 0 or 1 based
on the given feature dataset. In this decision tree algorithm, every node except the root node
has an incoming link (Navada, 2011.). Here, we split the data into train and split sets in a ratio
of 80% for training and 20% for validation. The feature having the highest information gain
becomes the root node and divides the dataset based on some condition and the subset is again
divided into many subsets so that there are no subsets left to be divided (Navada, 2011.). It
forms a terminal node which is the end node indicating there is no data left to be divided. The
most important feature of the decision tree algorithm is that there is no limitation of the

relationship between labels and input variables due to partitioning the dataset.

2.4 Support Vector Machine:

A Support Vector Machine is a Machine Learning algorithm that can be used as both regression
and classification algorithms. In the Support vector Machine, the decision boundaries are

defined by decision planes. It separates different objects of different classes by using decision
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planes (J E T, 2017.). Data points that are close to a decision plane are considered as support
vectors. A support vector machine algorithm is a linear classifier that separates the data
linearly. Here if the data points are far away from the decision plane then the data points are
classified perfectly, and the points of data that are close to the decision plane are not correctly
classified (JE T, 2017.). So here, we need to make sure that the data points are as far as possible
from the decision plane. In case if there are no decision planes, then the dataset will be jumbled
which represents the data as a non-linearly separable dataset (Ghosh, 2020). Hence, to avoid
this we use decision planes. To classify a dataset that a large number of features and labels
more than two we need to visualize the data in 3 Dimensional views. So here we use

hyperplanes as decision planes.

Fig 2.4: Support Vector Machine.

(S, 2016.) in a study in 2016 used SVM for heart stroke analysis. She used the Cleveland
database and the statlog database and compared the results of the two databases using Support
Vector Machine, Artificial Neural Networks, and Decision tree Algorithm. She achieved an
accuracy of 84% using the Support Vector Machine algorithm. A Support Vector Machine
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Learning algorithm can use both non-linear and linear kernel function, and in her work, she

used the Support vector machine as a linear classifier in the form of:
F(x)= WI+ bias

Here, W is the weight and | is the input vector. In her work, she defined a hyperplane f(x)=0,
which states that the points belonging to one class should fall above the hyperplane, for f(x)>0

and the other falls below the hyperplane, for f(x)<0 (Ghosh, 2020).

Here, in this research, we classified the data points into two classes namely abnormal and
normal heart sound recordings. The Data points are classified into two classes based on the
feature variables like signal root mean square error (rmse) value, beats per minute (BPM), time

duration, and zero-crossing rate, and so on.

Similar to the above-mentioned study, in this research, we used a support vector machine that
linearly classifies the data and divided the datapoints by defining a hyperplane, f(x) = 0, and

then classified into two classes based on the features.

2.5 Artificial Neural Networks:

An Atrtificial Neural Network is a multi-layer network that contains, an input layer, many
hidden layers, and an output layer. An Artificial Neural Network behave more likely as an
organic neural system, it performs tasks similar to a human brain, and it solves problems like
ahuman. Itis a collection of nodes that transmits input signals process it, based on an activation

function to give the corresponding output (Ali, 2019).

The activation node consists of weight values. A neural network is trained to solve a problem

by providing training data. While training a neural network, we should make sure that we avoid
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overfitting of the data in the network and we need to check the performance and accuracy of

the neural network.

Disrwfritis

_ Axnn berming —

Qutputs

Myelin sheat

Myelinated axon

r

Fig 2.5: Artificial Neural Network (En.wikipedia.org. 2020).

Anrtificial Neural Network based models have a wide range of applications in the medical field.
These are highly capable of (Ali, 2019) in his study used Artificial Neural Networks for the
diagnosis of heart diseases. He Achieved an accuracy of 93.33%. In his work, he stated that the
behavior of the network is depending on the capacity of the neural net. Here, the capacity is
linked with the features used for training the model. He stated that more number of parameters
used may give rise to overfitting of the neural net, and less number of parameters may give rise

to underfitting of the neural net.

Hence, we need to check the model for an optimal capacity to generate a model hypothesis
(Rajamhoana, 2018.). In this research, we used a simple dense artificial neural network for the
classification of the heart stroke, by using 100 epochs. An epoch is a complete pass of the
training data, one epoch is a complete forward and backward propagation through the entire
dataset.
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Fig 2.6: Artificial Neural Network Architecture (En.wikipedia.org. 2020).

2.6 Logistic Regression:

Logistic Regression algorithm is more popularly used algorithm for classification of binary
labels, and it has a wide range of applications in many fields. Logistic Regression algorithm is
very simple and works with dependent variables (Dinesh, 2018.). The variables considered here
are in binary format, as 0 and 1 or it can also be a Boolean value as True or False. If the output
variables or labels are three and more than three, then the Logistic regression is considered as

a multinomial logistic regression.

(Khemphila, 2010.) in her study considered logistic regression as a special case of linear
regression. The main advantage of logistic regression that made her choose logistic regression

is that it produces a simple probabilistic formula for classification.
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There is also a disadvantage with this logistic regression is that it cannot deal with the non-
linear variable problems properly. Precisely, Logistic regression is a regression model that

predicts a dependent variable.

The Logistic function is given by the equation,

This research deals with the logistic regression to predict the binary output based on the features
like root mean square error value (rmse), zero-crossing rate, beats per minute (BPM), time
duration(TD), and so on. We apply Logistic regression on these features to predict the binary

output. 1 for the abnormal signal and 0 for the normal signal.

2.7 Signal Processing:

A signal is a function that carries certain information. Signals are of two types they are,
continuous signals and discrete signals (Taspinar, 2018.). Continuous signals are those that
vary continuously with time, and discrete signals are those that vary at regular intervals of time.
The Signal processing step includes the extraction of different features of the signal like beats
per minute, time duration, chroma feature, zero-crossing rate, Mel frequency central coefficient

(mfcc), and so on. All these features will be discussed in detail in later sections (UKil, 2017.).

2.9 Conclusion:

The Literature review helps provide a complete knowledge of the Machine Learning domain.
Many people used different approaches and different machine learning techniques. Even
though many techniques and approaches are proposed, this research work will focus on the
detailed review of the Machine Learning techniques discussed in the literature review. This
Literature review helped to attain more knowledge of different algorithms that are discussed in

the literature review.
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Chapter 3. Methodology

3.1 Introduction:

This chapter discusses the research methods and techniques. The dataset considered in this
research work is a heartbeat signal dataset from Pascal’s heartbeat signal classification
challenge and a patient’s tabular data taken from Kaggle. Hence, the methodology for the
signals data starts with the feature extraction, followed by feature reduction, and then modeling
and the analysis of the results. The methodology of the tabular data begins with the data pre-

processing, data normalization, feature selection, training, and predicting the results.

3.2 Dataset Description:

There are two datasets used in this research work, the first one is the heartbeat sound recording
signals taken from the Classification of Heart Sound Recordings — The PhysioNet Computing
in Cardiology Challenge 2016. There are around 3240 heartbeat sounds of both abnormal and
normal heartbeat sounds, there are 2,575 normal and 665 abnormal signals. The second dataset
is a tabular dataset taken from Kaggle, it has around 70,000 records of patient's age, cholesterol,
glucose, gender, height, weight, and few other attributes. Here, prediction methodology is
divided into two parts namely, Part A and Part B. Part A includes the heartbeat signal analysis
and Part B includes the prediction of heart attack based on tabular data that contains a patient’s

data.
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Fig 3.2: Normal Electrocardiogram signal

3.3 Part A:

3.3.1 Feature Extraction and Methodology:

We used Python as a tool to handle the data, we loaded and extracted the signals using a python
library known as librosa. We used a library called librosa for loading analyzing and extracting
features from the signals. In this research work, we extracted a total of 28 features from the

signals using python libraries.

Feature extraction is a very important task in this research work. The main takeaway of this
research work is depicted in the diagram below. The first step is the signal acquisition step,
which includes retrieving and loading the signal into the python environment. The signal
acquisition step is followed by the feature extraction step, it includes the extraction of all the
features like root mean square value, zero-crossing rate, Mel frequency cepstral coefficient, the

spectral centroid, the spectral bandwidth, and the spectral roll-off, etc.
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The next step is the feature selection step, it includes the process of selecting certain features
that can give better results, in this research work the feature selection step is carried out using
the principal component analysis (PCA). The final step is the modelling, it includes the process
of training the model with the pre-processed data, different models are used in this model to

achieve better results from the data provided.

Fig 3.3: Process of Methodology

3.3.2 Librosa:

Librosa is a python library primarily used for the analysis of music and audio files. It provides
all the basic information necessary to extract meaningful data from the signals data
(Raguraman, 2019.). The methods used in this research work to extract features are the root
mean square (RMS), chroma small-time Fourier transform (chroma_stft), spectral centroid,
spectral bandwidth, spectral roll-off, zero-crossing rate, beats per minute (BPM), time duration,

Mel frequency cepstral coefficients (mfcc) (Raguraman, 2019.).

e Librosa.core for loading the audio files from the disk and analyze the signal from the

spectrogram representation of the audio files.

e Librosa.beat for finding the number of beats in the given audio file and also for

estimating the tempo in case of music files.

e Librosa.feature for extracting various features of the audio files provided.
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e Librosa.onset for finding the onset strength of a given audio file to find the time

duration of the total recording.

e Librosa.display for visualization.

filename chroma_vector rms centroid_points bandwidth rolloff_points zero_crossings Bpm time_duration mfeet .. mfcett  mfe
0 0 0.774242 0.017445 143439869 231280735  352.299735 0.005785 135.999178 35.666032 -570.275024 .. 19.105337 4.872
1 1 0.655007 0.011590 137126757 184264811 236.793207 0.007190 117.453836 20.826526 -621.624491 .. 12.996544 -0.561
2 2 0.789076 0.016529 81.049673 150.768996  110.536567 0.003217 117.453835 30.720000 -593.993591 .. 14.383721 5.450
3 3 0.761694 0.021423 86.096361 138.978880  139.067434 0.003647 117.453836 35596508 -558.696289 .. 16.836330 9.196
4 4 0.786235 0.053898 70.245989 114410581  104.520795 0.003201 135.999178 35.666032 -487.145874 .. 15181296 11.253
5 5 0.766317 0.057152 75.686697 138527006  103.431553 0.003464 117.453835 20.759002 -513.678833 .. 15547962 2499
6 6 0.771146  0.046600 §5.905221  99.962820  107.392823 0.003082 135.999178 35.666032 -496.974792 .. 13.364765 9.295
7 7 0.787565 0.021357 108.180023 210.812351  164.980899 0.003412  135.999178 35.806533 -600.665518 .. 20.162229 2.000
8 8 0.705348 0.008842 200373655 285.879105  570.455440 0.009988 135.999178 35.805533 -628.756104 .. 15.941050 -3.27M1
9 9 0.720054 0.010002 160.706501 218.221821  341.224365 0.007911  135.999178 35.736009 -611.176636 .. 12442664 -0.371
Fig 3.4: Sample features extracted from the training dataset.

filename chroma_vector rms centroid_points bandwidth rolloff_points zero_crossings Bpm time_duration mfcel ... mfcc11 mfc

0 0 0.774242 0.017445 143.439869 231.280735 352.299735 0.005785 135.999178 35.666032 -570.275024 ... 19.105337 4.872

1 1 0.655007 0.011590 137.126757 184.254811 236.793297 0.007190 117.453835 20.828526 -621.624451 ... 12.996544 -0.561

2 2 0.789076 0.016529 81.049673 150.768996 110.536567 0.003217 117.453835 30.720000 -593.993591 ... 14.383721 5.450

3 3 0.761694 0.021423 86.095351 138.978880 139.067434 0.003647 117.453835 35.596508 -558.696289 ... 16.836330 9.196

4 4 0.786235 0.053898 70.245989 114.410581 104.520795 0.003201 135.999178 35.666032 -487.146874 .. 15.181296 11.253

5 5 0.766317 0.057152 75.686697 138.527006 103.431553 0.003464 117.453835 20.759002 -513.678833 .. 15547962 2.499

6 6 0.771146 0.046600 65.905221 99.982820 107.392823 0.003082 135.999178 35.666032 -496.974792 .. 13.364765 9.295

7 7 0.787555 0.021357 108.180923 210.812351 164.980899 0.003412 135.999178 35.805533 -600.656518 ... 20.152229 2.000

8 8 0.705348 0.008842 200.373655 285.879105 570.455440 0.009988 135.999178 35.805533 -628.756104 ... 15.941050 -3.271

9 9 0.720054 0.010002 160.706501 218.221821 341.224365 0.007911 135.999178 35.736009 -611.176636 ... 12.442664 -0.371

Fig 3.5: Sample features extracted from the test dataset.

3.3.3 Root Mean Square:

The Root Mean Square is a time-domain measure that gives the variation of the heart period.

The Root Mean Square value is sensitive to high frequencies. The Root Mean Square value can

be used as an alternative to the ventricular repolarization method (Berntson, 2005.).
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3.3.4 Chroma small-time Fourier transform:

The pitch can be divided into two components namely tone height and chroma feature. Tone
height is the number of octaves and the chroma is referred to as the attribute of pitch spelling
(Muller, 2015.). Below are the figures that shows the short-time Fourier transform of the both

abnormal and normal signals as a function of both hertz and log.
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Fig 3.7: Short-time Fourier transforms plot in hertz of a normal signal.
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Fig 3.8: Short-time Fourier transforms the plot as a log function of an abnormal signal.

20
10

H
v
2
~

-10
-20
-30
-40

-10
-20
-30

Fig 3.9: Short-time Fourier transforms the plot as a log function of a normal signal.
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3.3.5 Spectral Centroid:

Spectral Centroid is a measure used for digital signal processing, which gives where the center
of mass is located. It is mainly used to characterize and analyze the spectrum
(En.wikipedia.org. 2019.). Below are the plots that show the spectral centroid of both the

abnormal and normal signals.
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Fig 3.10: Spectral centroid plot of an abnormal signal.
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Fig 3.11: Spectral centroid plot of a normal signal.

3.3.6 Spectral Bandwidth:

The full width at half maximum is known as the spectral bandwidth of a sound wave (Keppy,
2008.). Below are the plots that show the bandwidth plot of both the abnormal and normal

signals.
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Fig 3.12: Spectral Bandwidth vs Time period plot of an abnormal signal.
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Fig 3.13: Spectral Bandwidth vs Time period plot of a normal signal.

3.3.7 Spectral Roll-off:

Spectral roll-off is the frequency below the specified percentile of the total spectral energy.
Here, the spectral energy is usually 85 to 95% (features, 2020.). Below are the plots that shows

the spectral roll-off plots of both the abnormal and normal signals.
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Fig 3.14: Spectral Roll-off plot of an abnormal signal.
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Fig 3.15: Spectral Bandwidth vs Time period plot of an abnormal signal.
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3.3.8 Zero crossing Rate:

Zero crossing rate is the rate at which the signal changes from negative to zero and then to
positive and vice versa. It is also defined as the rate of significant sign changes in an audio
signal. Below are the plots that show the plots to calculate the zero-crossing rate of both the

abnormal and normal signals.
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Fig 3.16: Calculating Zero Crossings Plot of an abnormal signal.
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Fig 3.17: Calculating Zero Crossings Plot of a normal signal.

3.3.9 Mel frequency cepstral coefficient:

Mel frequency cepstral coefficient is the representation of the short term power spectrum of a
sound wave (En.wikipedia.org. 2019.). The relation between the actual frequency and the
perceived frequency is known as the Mel scale. Humans are more sensitive to discriminate
pitch changes as low frequencies than the changes in pitch at high frequencies (Lyons, 2012.).
Below are the plots that show the Mel frequency cepstral Coefficient plots of both the abnormal

and normal signals.
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Fig 3.18: Mel Frequency Cepstral Coefficient of an abnormal signal.

Fl B ! I\‘Illll\ I* | 4 B IIII\III ] IIF\II‘II\III |I ] B R R e . ’\

FERCRE JU PR QECRE FRTPUCRE FUOFE 0 PN PRI EE JU PR PR PR FE D BY Py i

0 5 10 15 0 5 30

Fig 3.19: Mel Frequency Cepstral Coefficient of a normal signal.

3.3.10 Feature selection:

This step includes reducing the number of features to select the appropriate features that give
better results. The feature selection is an essential step as a normal human can not visualize
more than 3 dimensions, hence to make the analysis easier it is necessary to reduce the number
of features. Here, in this research work, we used principal component analysis (PCA) technique

for dimensionality reduction.

chroma_vector centroid_points rolloff_points zero_crossings Bpm
0 0.774242 143.439869 352.299735 0.005785 135.999178
1 0.655007 137.126757 236.793297 0.007190 117.453835
2 0.789076 81.049673 110.536567 0.003217 117.453835
3 0.761694 86.095351 139.067434 0.003647 117.453835
4 0.786235 70.245989 104.520795 0.003201 135.999178

Fig 3.20: List of sample features selected.
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3.3.11 Modelling:

Modelling is training your machine learning or deep learning algorithms to perform a certain
task on your data. There are many machine learning and deep learning algorithms in practice
in recent years. This research topic is concerned with the classification of the heart sounds as
abnormal and normal. To get this work done, we choose support vector machine (SVM), The
decision tree algorithm, the random forest algorithm, the logistic regression algorithm as the
best-supervised machine learning algorithms for classification, and a simple artificial neural
network as a deep learning model. Hence, we divide the modeling phase into a machine

learning approach and a deep learning approach.

3.3.11.1 Machine Learning approach:

In this research work, after careful consideration we choose, the support vector machine
(SVM), The decision tree algorithm, the random forest algorithm, the logistic regression

algorithm to implement the modelling.

For the modelling purpose, the first step will be splitting the data into the training set and test
set, training the data, and predict the results. The dataset contains more than 3000 records,
which contains the features extracted from the feature extraction step. The dataset is divided
into training and testing data using the train_test_split method from the model_selection library

in python.

Using this method we divided the data into training set and validation set in a ratio of 80:20,
which means that 80 percent of the data is used for training and 20 percent of the data is used

for the validation of the model. The training data is used to train all the machine learning
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algorithms, namely the support vector machine (SVM), The decision tree algorithm, the

random forest algorithm, the logistic regression algorithm.

The dataset also contains a test set of more than 200 sound waves. The same feature extraction
steps are used to extract the features of the testing audio signals of the heartbeat. This test set
is used to predict the outcome for each model. The dataset contains labels such as abnormal
and normal signals, hence it is the role of the machine learning algorithms to classify the signals

into abnormal and normal signals based on the features.

Machine Learning

Approach.
Decisi
Support e_:rcrle5|eon Random Logistic
Vector el Forest Regression.

Machine Algorithm.

Fig 3.21: Machine Learning Approach.

3.3.11.2 Deep Learning Approach:

Deep Learning is a breakthrough in computer science, it is a study of training machines to work
with a human brain. Deep learning plays a major role in image recognition and natural language

processing techniques. However, they have many applications in the medical field for the
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classification of cancer cells, and also it plays an important role in classifying the heartbeat

signals as abnormal and normal signals.

The idea of deep learning techniques is originated from artificial neural networks. There are
many deep learning models, the most common models in practice are, the autoencoder (AE),
the deep belief network (DBN), the convolution neural network (CNN), and the recurrent
neural network (RNN). In this research work, we used a dense artificial neural network to
classify the abnormal and normal heartbeat recordings based on the features extracted from the
signals in the extraction step. The dense artificial neural network contains an input layer, two
hidden layers, and an output layer. We train the dense network by 80 percent of the total data

which is split into 80 percent training set and 20 percent validation set.

# simple ANN modelleing

simple_ANN = Sequential()

simple_ANN.add(layers.Dense(8, activation="relu', input_shape=(X_train.shape[1],)))
simple_ANN.add(layers.Dense(8, activation="relu'))

simple_ANN.add(layers.Dense(8, activation="relu'))

simple_ANN.add(layers.Dense(2, activation='softmax'))
simple_ANN.compile(optimizer="adam',loss="sparse_categorical_crossentropy',metrics=["'accuracy'])

Fig 3.22: Building a Dense Avrtificial Neural Network.
We built an input layer with a depth of 8 layers and two hidden layers each of depth 8 layers,
and an output with 2 layers as there are only two corresponding outputs namely, abnormal and
normal. We used a ‘relu’ activation function for both input and hidden layers, and softmax
activation function for the output layers. During the compilation of the network, we considered
an adam optimizer and sparse categorical cross-entropy as a loss function and selected accuracy

as metrics. We then predicted the results for the test set that contains more than 200 records.

3.4 Part B:

This part uses tabular data that contains data about the patient’s age, weight, height, cholesterol,

glucose level, smoke, alcohol, and also the details about the patient’s physical activity. This
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dataset contains around 70000 records, which is split into a training set and test set using python

libraries.

id age gender height weight ap_hi ap_lo cholesterol gluc smoke alco active cardio
1] 0 18393 2 168 62.0 110 80 1 1 0 0 1 0
1 1 20228 1 156 85.0 140 20 3 1 0 0 1 1
2 2 18857 1 165 64.0 130 70 3 1 0 0 0 1
3 3 17623 2 169 82.0 150 100 1 1 o] o] 1 1
4 4 17474 1 156 56.0 100 60 1 1 0 0 0 0
5 8 21914 1 151 67.0 120 80 2 2 0 0 0 0
6 9 22113 1 157 93.0 130 80 3 1 0 0 1 0
7 12 22584 2 178 95.0 130 90 3 3 o] o] 1 1
8 13 17668 1 158 71.0 110 70 1 1 0 0 1 0
9 14 19834 1 164 68.0 110 60 1 1 0 0 0 0

Fig 3.23: Sample data of the tabular dataset.

3.4.1 Data Pre-processing:

The dataset does not contain any missing values and it is ready to use. But the issue with the

dataset is, the age variable is given in days and we need to convert it into years by dividing the

number of days with the number of days in a year. After the age is converted into years the

researcher formed a new dataset modified age column. Now the second step is the feature

reduction step, it is an essential step, as it helps us analyze the data properly. A normal human

can analyze the data with fewer dimensions. Hence, the researcher used principal component

analysis (PCA) to reduce the dimensions in the data. The next step would be the modelling of

the data.

id age gender height weight ap_hi ap_lo cholesterol

gluc smoke alco active cardio

0 0 50 2 168 62.0 110 80 1
1 1 55 1 156 85.0 140 90 3
2 2 51 1 165 64.0 130 70 3
3 3 48 2 169 82.0 150 100 1
4 4 47 1 156 56.0 100 60 1

Fig 3.24: Pre-processed Data.
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3.4.2 Modelling:

As discussed in Part A modelling is training your machine learning algorithm to perform the
classification task on the data provided for training. In this research work, we again divide the
modelling part into two different approaches namely, machine learning approach and deep

learning approach.

3.4.2.1 Machine Learning Approach:

In this approach, we used the similar algorithms that we used earlier in Part A to compare the
accuracy to find the better approach and best algorithm that can fit the research problem. Hence
the researcher selected, the support vector machine (SVM), the decision tree algorithm, the

random forest algorithm, the logistic regression algorithm.

After the pre-processing and feature reduction step, the data is split into a training set and test
set in the ratio of 80:20, which means that 80 percent of the data is used for training and the
rest of the data is used for testing the model. Once the data is split into a training set and test
set, it is given to all the selected machine learning models to train the models on the training
set, and once the model is trained it is tested with the 20 percent of data that is used for testing

the model to predict the results.

3.4.2.2 Deep Learning Approach:

Similar to Part A, we have selected the dense artificial neural network layer to compare the
results of the two different approaches. Here, the artificial neural layer is trained to perform the
classification task on the tabular data set that contains data pertaining to the patient’s age,

weight, height, cholesterol, glucose level, smoking, alcohol, and physical activity. The dense
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artificial neural network contains an input layer, two hidden layers, and an output layer (Du,

2016.).

# simple ANN modelleing

simple_ANN

simple_ANN.
simple_ANN.
simple_ANN.
simple_ANN.
simple_ANN.

= Sequential()

add(layers.Dense(512, activation='relu', input_shape=(x_train.shape[1],)))
add(layers.Dense(512, activation='relu'))

add(layers.Dense(512, activation='relu'))

add(layers.Dense(2, activation='softmax'))
compile(optimizer="adam',loss="'sparse_categorical_crossentropy',metrics=["'accuracy'])

Fig 3.25: Building a Dense Artificial Neural Network.

The input layer is provided with input, and it takes 512 input layers. The hidden layer takes

512 layers each and gives the output in two layers corresponding to the presence or absence of

a cardio attack. Here, the researcher used similar parameters that are used in Part A (Du, 2016.).

The researcher used relu as an activation function for both input and hidden layers and softmax

as the activation function for the output layer. The researcher used adam function as the

optimizer and sparse categorical cross-entropy as the loss function. The researcher used

accuracy as the metrics to check the performance of the model. Then the researcher predicted

the result on the remaining 20 percent of the data that is left after training the model (Du,

2016.).
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Chapter 4. Software and Hardware
Specifications

4.1 Introduction:

This research work is focused on predicting the heart stroke earlier based on the person’s
electrocardiogram recordings or from the person’s data, referring to the patient’s age, weight,
height, cholesterol, glucose, smoking, and drinking habits, and the patient’s physical activity.
The cost of electrocardiogram checkup is very high that a normal middle-class family can not
afford it, hence we can predict the person’s condition based on his present condition. But, few
abnormal cases can not be predicted by their present condition and hence need an
electrocardiogram testing, in this case, the sound recordings can be easily classified into
abnormal and normal recordings and can be taken proper action. This chapter discusses the list
of all the tools used in this research work. All the tools used in this research work are, the
Jupyter notebook, Python, google collab, the Python Flask. The tools used in this research work
served the required task, they have both advantages and disadvantages which are discussed

briefly in this section.
4.2 Software Specifications:

4.2.1 Python:

Python is very simple and very easy to learn programming language which is available free of
cost for the users. Python is a high-level programming language, which is object-oriented, and
an interpreted language (Foundation, 2020.). Python is a general-purpose programming
language and it is a complete contrast to the HTML, CSS, and the Javascript. Python is mainly
used to implement machine learning and deep learning models apart from this python can also
be used in software development (Warchol, 2020.). Python contains many inbuilt libraries and

methods that can easily load and analyze the data and perform any kind of visualization or data
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interpretation task. In this research work, python is used as a programming tool (Warchol,

2020.). The researcher used many libraries like pandas to load the data, NumPy to handle the

array data, and apply basic arithmetic operations on data and matrices. The researcher also used

model selection libraries and Keras libraries to implement deep learning models. In this

research work, the researcher used the metrics library to use the accuracy method to check the

performance of the model.

List of Libraries used:

Matplotlib: This is the python library that is used in this research work for plotting

different plots for visualizing the data.

Glob: This python library is used in this research work to read different files of the

same format from different directories.

Pandas: The Pandas library is used for loading and analyzing the data in this research

work.

Numpy: The Numpy library is used to deal with the arrays in this research work.

Librosa: This is a python library in this research work that is used to load and analyze

wave files.

Sklearn: The Sklearn library is also used in this research work for modelling the data.

Os: The Os library is used in this work to interact with the operating systems.

PIL: The PIL is used in this research work to deal with python image related work.

pathlib: This library in python is used in this research work to deal with path related

work.

Train_test_split: This library is used to split the data into a training set and test set.
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e StandardScaler: This library in python is used in this research work for scaling and

normalizing the data.
e Warnings: This library is used in this research work to handle warnings.

o Split_folders: This library in python is used in this research work to split the list of

column names.

e Seaborn: this python library is used in this research work to perform data visualization

tasks.

4.2.2 Jupyter Notebook:

The researcher chooses the Jupyter notebook to implement and run the python code as it is an
open-source web application that allows us to create our code, visualizations, and analysis.
Jupyter notebook serves as an integrated development environment, that creates an interface

with your python software.

The researcher used the jupyter notebook to easily load and upload the data from your local
disk. Unlike google collab, the uploaded data remains in the integrated development
environment for further use in the jupyter notebook. But, in the case of google collab, the
uploaded data vanishes once the ongoing session connection is lost. Hence, uploading large

datasets every time you start the session will be a difficult task.

4.2.3 Google Collab:

The researcher also used google collab despite the disadvantage of data loss after the end of
the session. The interesting part of the google collab is the GPU of size 12 GB provided by

Google, which is an open-source application. Executing a deep learning model with a large
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number of epochs and batch size will be a time taking process. Hence, this time can be saved

using the GPU provided by Google collab.

4.3 Hardware Specifications:

Operating System Name: Microsoft Windows 10 Home.

Operating System Version: 10.0.18363 Build 18363.

Installed Physical Memory (RAM): 8.00 GB.

Total Virtual Memory: 21.8 GB.
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Chapter 5: Results Analysis And Discussion

5.1 Introduction:

In this section, the researcher discussed the results obtained in each part using both the machine
learning and the deep learning approach. The researcher divided this section into two parts, that
discusses briefly the analysis of the results about the heartbeat recordings from the
electrocardiogram and the patient’s tabular data. The researcher discusses the results of the two

as Part A and Part B.

5.2 Part A:

Part A of the research work, discusses the results obtained after modeling the pre-processed
sound wave recordings using two different approaches categorizing as the machine learning

approach and the deep learning approach.

5.2.1 Machine Learning Approach:

The Machine Learning approaches include the analysis of the data using different machine
learning modeling algorithms such as the support vector machine (SVM), the decision tree
algorithm, the random forest algorithm, and the logistic regression algorithm. All the four
algorithms proved their performance in terms of accuracy, each giving accuracy more than 80
percent. The random forest algorithm and the logistic regression algorithm gave better results
when compared to the support vector machine and the decision tree algorithm. The random
forest algorithm and the logistic regression algorithm better classified the electrocardiogram
signals by providing 85.80 percent accuracy each. The support vector machine proved its

capability as the best traditional classifier algorithm by providing an accuracy of 85.49 percent.
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The decision algorithm provided an accuracy of 82.87, which is the least of all the machine

learning algorithms. Below are the results of each of the machine learning algorithms.
from sklearn.metrics import mean squared error

model svm = svm.SVC()

model svm.fit(X train,y train)

y_pred=model_svm.predict(X_test)

print(“"Accuracy using Support Vector Machine",accuracy score(y test, y pred))
predicted value = model svm.predict(testset dataset)

for i in range(@,len(predicted value),1):
print("test dataset=%s, predicted value=%s" % (testset dataset[i], predicted value[i]))

Accuracy using Support Vector Machine ©.8549382716049383

test_dataset=[0.09331397 0.98689989 1.46747226 ©.10398252 2.24053565], predicted_value=1
test_dataset=[-1.80356377 0.87267276 0.56944999 ©.3773933 -0.44632184], predicted_value=0
test dataset=[ 0.32930466 -0.14196549 -0.41215205 -0.39543345 -0.44632184], predicted value=0
test dataset=[-0.10630531 -0.05067084 -0.19033452 -0.31170472 -0.44632184], predicted value=0
test_dataset=[ 0.28410805 -0.3374434 -0.45892259 -0.3985428 2.24053565], predicted_value=1
test _dataset=[-0.03276221 -0.23900122 -0.46739106 -0.34732192 -0.44632184], predicted_value=0

Fig 5.1: Accuracy Score of the Support Vector Machine and the prediction of the test set.

model RFC=RandomForestClassifier(n_estimators=50)

model RFC.fit(X_train,y train)

y_pred value=model RFC.predict(X test)

print("Accuracy Using The Random Forest Algorithm:",metrics.accuracy score(y test, y pred value))
predicted value=model RFC.predict(testset dataset)

for i in range(@,len(predicted value),1):
print("testset dataset=%s, predicted value=¥s" % (testset dataset[i], predicted value[i]))

Accuracy Using The Random Forest Algorithm: ©.8580246913580247

testset dataset=[0.09331397 0.986859989 1.46747226 0©.10398252 2.24053565], predicted _value=1
testset dataset=[-1.80356377 0.87267276 0.56944999 ©.3773933 -0.44632184], predicted value=0
testset_dataset=[ 0.32930466 -0.14196549 -0.41215205 -0.39543345 -0.44632184], predicted value=1
testset_dataset=[-0.10630531 -0.05067084 -09.19033452 -0.31170472 -0.44632184], predicted value=0
testset dataset=[ 0.28410805 -0.3374434 -0.45892259 -0.3985428 2.240535657, predicted value=1

Fig 5.2: Accuracy Score of the Random Forest Algorithm and the prediction of the test set.
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model LR = LogisticRegression()

model LR.fit(X train, y train)

y_pred=model LR.predict(X test)

confusion _matrix = metrics.confusion matrix(y test, y pred)

confusion_matrix

print("Accuracy Using the Logistic Regression Algorithm:",metrics.accuracy score(y test, y pred v

predicted value=model LR.predict(testset dataset)

for i in range(@,len(predicted value),1):
print("testset dataset=%s, predicted value=%s" % (testset dataset[i], predicted value[i]))

Accuracy Using the Logistic Regression Algorithm: 8.8580246913580247

testset_dataset=[0.09331397 0.98689989 1.46747226 0.10398252 2.24053565], predicted_value=0
testset dataset=[-1.80356377 ©.87267276 ©.56944999 0.3773933 -0.44632184], predicted value=0
testset_dataset=[ 0.32930466 -0.14196549 -0.41215205 -0.39543345 -0.44632184], predicted_value=08
testset_dataset=[-0.10630531 -0.05067084 -©.19033452 -0.31170472 -0.44632184], predicted_value=0
testset dataset=[ ©.28410805 -0.3374434 -0.45892259 -0.3985428 2.24@0535651, predicted value=0

Fig 5.3: Accuracy Score of the Logistic Regression Algorithm and the prediction of the test set.

model DTC = model DTC.fit(X train,y train)

y_pred_value = model DTC.predict(X test)

print(“"Accuracy using Decision Tree Algorithm:",metrics.accuracy score(y test, y pred value))

predicted value=model DTC.predict(testset dataset)

for i in range(@,len(predicted value),1):
print(“"testset dataset=¥%s, predicted value=¥%s" % (testset dataset[i], predicted value[i]))

Accuracy using Decision Tree Algorithm: ©.8287037037037037

testset _dataset=[0.09331397 0.98689989 1.46747226 ©.108398252 2.24053565], predicted value=1
testset _dataset=[-1.80356377 0.87267276 ©.56944999 ©.3773933 -0.44632184], predicted value=0
testset dataset=[ ©.32930466 -0.14196549 -0.41215205 -©.39543345 -0.44632184], predicted value=1
testset_dataset=[-0.10630531 -0.050867084 -0.19033452 -0.31170472 -0.44632184], predicted value=0
testset_dataset=[ 0.28410805 -0.3374434 -0.45892259 -0.3985428 2.24053565], predicted value=1

Fig 5.4: Accuracy Score of the Decision Tree Algorithm and the prediction of the test set.
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Algorithm: Accuracy Score:
Support Vector Machine 85.49

Logistic Regression 85.80
Random Forest Algorithm | 85.80
Decision Tree Algorithm 82.87

Fig 5.5: List of Algorithms and the accuracy score.

5.2.2 Deep Learning Approach:

The deep Learning approach considered in this research work is the dense artificial neural
network. The deep learning approach also proved its consistency in terms of accuracy, by
providing an accuracy of 89.85. Below are the results that are obtained using the dense artificial

neural network layer after 200 epochs.

classifier = simple ANN.fit(X train,y train,epochs=200,batch size=128)

Epoch 191/200

21/21 [==============================] - 0@s 3ms/step - loss: 0.2789 - accuracy: ©.8935
Epoch 192/200
21/21 [==============================] - @s 3ms/step - loss: @.2785 - accuracy: ©.8943
Epoch 193/200
21/21 [==============================] - 0@s 3ms/step - loss: 0.2779 - accuracy: 0.8939
Epoch 194/200
21/21 [==============================] - @s 3ms/step - loss: ©.2781 - accuracy: ©.8943
Epoch 195/200
21/21 [==============================] - 05 3ms/step - loss: 0.2785 - accuracy: 0.8927
Epoch 196/200
21/21 [==============================] - 0@s 3ms/step - loss: 0.2779 - accuracy: ©.8935
Epoch 197/200
21/21 [==============================] - 0@s 3ms/step - loss: 0.2779 - accuracy: ©.8951
Epoch 198/200
21/21 [==============================] - @s 3ms/step - loss: 0.2792 - accuracy: 9.8931
Epoch 199/200
21/21 [==============================] - 0@s 3ms/step - loss: 0.2784 - accuracy: ©.8958
Epoch 200/200
21/21 [==============================] - 0@s 3ms/step - loss: 0.2777 - accuracy: 0.8924

Fig 5.6: Training and the Accuracy test of a Dense Artificial Neural Network.
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5.2.3 Comparison between Machine learning and deep Learning
Approach:

Machine learning and the deep learning approach both served their purpose in classifying the
electrocardiogram signals based on their features. Out of the two approaches, Deep Learning
stood ahead of the machine learning approach by giving an accuracy of 89.85 percent. Both
the approaches gave a similar accuracy, but the deep learning model classified the signals with
higher accuracy than the machine learning model. Below are the figures that depict the

comparison of the machine learning approach and the deep learning approach.

Approach Accuracy Score
Machine Learning Approach 85.80
Deep Learning Approach 89.24

Fig 5.7: Comparison Between the Machine Learning and the Deep Learning Approach.

5.3 Part B:

Part B of the research work deals with the classification of the patient’s data as the presence
and the absence of the cardiac attack. This task is done in two different approaches, as the

machine learning approach and the deep learning approach.

5.3.1 Machine Learning Approach:

Primarily in the machine learning approach, the researcher used the support vector machine,
the decision tree algorithm, the random forest algorithm, and the logistic regression algorithm.
The machine learning algorithms did not prove to give better results in this case in terms of

accuracy, the best and higher accuracy is acquired by using the support vector machine (SVM),
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which gave the accuracy of 73.4. The logistic regression and the random forest Algorithm
almost similar accuracy, the logistic regression algorithm gave an accuracy of 71.94. The
accuracy acquired using the random forest algorithm is 71.19. The decision tree algorithm gave
the least accuracy, which is equal to 63.85. Below are the results acquired by using different

machine learning algorithms.

from sklearn import svm
svm=svm.SVC()
svm.fit(x_train,y train)
y_pred= svm.predict(x_test)

print("Accuracy Using the Support Vector Machine:",metrics.accuracy score(y test, y pred))

Accuracy Using the Support Vector Machine: ©.734
Fig 5.8: Training And the Accuracy Test of the Support Vector Machine.

from sklearn.linear_model import LogisticRegression

LR _model = LogisticRegression()
LR_model.fit(x_train,y train)
y _pred = LR _model.predict(x_test)

print("Accuracy Using The Logistic Regression Algorithm:",metrics.accuracy score(y_test,y pred))

Accuracy: ©.7194285714285714

Fig 5.9: Training and the Accuracy test of the Logistic Regression Algorithm.

from sklearn.ensemble import RandomForestClassifier
RFC = RandomForestClassifier()
RFC.fit(x_train,y train)

y_pred = RFC.predict(x_test)

print("Accuracy Using The Random Forest Algorithm:",metrics.accuracy_score(y test,y pred)

Accuracy: 0.7119285714285715

Fig 5.10: Training and the Accuracy test of the Random Forest Algorithm.
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model DTC = DecisionTreeClassifier()

model DTC = model DTC.fit(x train,y train)

y_pred value = model DTC.predict(x test)

print(“Accuracy Using the decision Tree Algorithm:",metrics.accuracy score(y test, y pred value))

Accuracy Using the decision Tree Algorithm: 0.6385714285714286

Fig 5.11: Training and Accuracy Test of the Decision Tree Algorithm.

Algorithm: Accuracy Score:
Support Vector Machine 73.4
Logistic Regression 71.94
Random Forest Algorithm | 71.12
Decision Tree Algorithm | 63.85

Fig 5.12: List of Algorithms and their Accuracy Score.

5.3.2 Deep Learning Approach:

In the deep learning approach, the researcher used the dense artificial neural network model

that is used earlier in Part A. This model gave better results in terms of accuracy by taking 1000

epochs. The dense artificial neural network model gave an accuracy of 93.81 by training the

model with 1000 epochs. Below are the corresponding results of the dense artificial neural

network.
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438/438 [==============================] - 1§ 2ms/step - loss: ©.133@ - accuracy:
Epoch 288/1088

438/438 [==============================] - 1ls 2ms/step - loss: ©.1288 - accuracy:
Epoch 989/1ee8

438/438 [==============================] - 1ls 2ms/step - loss: ©.1308 - accuracy:
Epoch 99@/1eee

438/438 [==============================] - 1s 2ms/step - loss: ©.1365 - accuracy:
Epoch 291/1e88

438/438 [==============================] - 1s 2ms/step - loss: ©.133@ - accuracy:
Epoch 292/1088

438/438 [==============================] - 15 2ms/step - loss: ©.1344 - accuracy:
Epoch 293/1888

438/438 [==============================] - 1s 2ms/step - loss: ©.1554 - accuracy:
Epoch 994/1e88

438/438 [==============================] - 1ls 2ms/step - loss: ©.1506 - accuracy:
Epoch 995/1080

438/438 [==============================] - 1ls 2ms/step - loss: ©.1406 - accuracy:
Epoch 996/10880

438/438 [==============================] - 1s 2ms/step - loss: ©.1268 - accuracy:
Epoch 997/1eee

438/438 [==============================] - 1s 2ms/step - loss: ©.1253 - accuracy:
Epoch 998/10880

438/438 [==============================] - 1ls 2ms/step - loss: ©.1279 - accuracy:
Epoch 299/1088

438/438 [==============================] - 15 2ms/step - loss: ©.1354 - accuracy:
Epoch 1eee/18ee

438/438 [==============================] - 1s 2ms/step - loss: ©.1392 - accuracy:

Fig 5.13: Accuracy results using Dense Artificial Neural Network.
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5.3.3 Comparison between Machine learning and deep Learning

Approach:

Both approaches served up to their ability to give better results in terms of accuracy to classify

the patient’s data by using different algorithms. Comparatively, the deep learning model best

results from all other machine learning models. The highest accuracy acquired using different

machine learning algorithms is around 72 percent, whereas, the deep learning approach gave

93.81 percent, which is the highest accuracy of the two different approaches. Below are the

figures that depict the comparison of the machine learning approach and the deep learning

approach.
Approach Accuracy Score
Machine Learning Approach 73.4
Deep Learning Approach 93.81

Fig 5.14: Comparison Between the Machine Learning and the Deep Learning Approach.
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Chapter 6: Conclusion

The main objective of this research work is to classify and predict the best approach that can
predict heart stroke with the best accuracy. In this research work, the researcher worked with
both electrocardiogram recordings and the tabular data that contains the patient’s data regard-
ing the patient’s age, gender, cholesterol, glucose level, etc. The researcher used different pre-
dictive models to compare and find the best accurate model, that can predict the heart stroke
with better accuracy. The researcher extracted features from the electrocardiogram recordings
of the heartbeats, that are taken from the Classification of Heart Sound Recordings — The
PhysioNet Computing in Cardiology Challenge 2016. The features extracted are used to clas-
sify the heartbeat recordings as normal and abnormal. The researcher used two different ap-
proaches namely, the machine learning approach and the deep learning approach. In both cases,
the Deep Learning Modelproved to be the best fit for the model. In the machine learning ap-
proach, the researcher used the support vector machine (SVM), the decision tree algorithm, the
logistic regression, and the random forest algorithm. The researcher compared the accuracy of
these models with the dense artificial neural network model in the deep learning approach. The
next scenario is the tabular data that contains, the details about the patient’s details. The two
approaches are also applied to the tabular data and concluded that the deep learning approach
is the best approach that gave better accuracy in both cases. This research work can be the best
approach to reduce the death rate due to cardiac attacks globally every year. This research work
can be a good help in the medical field, for the medical experts to easily classify the heart sound
recordings in a very short time, and can take any appropriate precautions that can save many
lives. This approach is very cost-effective as it can predict heart stroke with basic data of a
patient instead of going for an ECG scan, which is very costly and can not be affordable by the

poor.
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6.1 Knowledge Gained:

Research work helped me learn many things in both the machine learning and the deep learning
domain. I learned how to train and test different models, | learned to use different libraries and
their usage and requirements. | learned how to tackle different issues while handling the data
and running the code. | learned to use the goggle colab and jupyter integration development
environment. Earlier | was not aware of the signal properties and started with a zero knowledge
of converting signals to give valuable information. I learned to pull out meaningful data from
the signals, | learned to extract features like the zero-crossing rate, the spectral centroid, the
spectral bandwidth, and so on. | learned how these features affect the classification of the sig-
nals. 1 also learned how to reduce the features from around 28 features to 5 features, to obtain
better results. Earlier in the begin loading all the wave files from different directories had be-
came a hectic issue, and later I learned by researching that all the files can be loaded from
different directories by using the glob library. There are many other things I have learned from

this research work, in the phase of issue-resolving in the python code.

6.2 Future Work:

This research work is focused on the classification of data into normal and abnormal heartbeat
signals. Yet, the research work can be taken forward to improve the accuracy, by gathering
more data. It is a proven fact that more is data available the more accurate the deep learning
model can perform. The more data you provide for a deep learning model, the more effective
it can study the data to give us better results. Developing a web application in the future on this
model will be an additional improvement to this project. A web application will be easy access
to many users, which can help the patients to predict their condition at any time they are con-

cerned about any changes in their health conditions.
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Appendices:

This document is a guide that can give you an overview of the contents in the artefact and the
steps required to execute the python code to implement the project title “Second Heart Attack

Prediction With Machine Learning And Deep Learning.

Contents of Artefact:

There are six files submitted as a zip file in the artefact. The six files included in the artefact

are:

e 10729371 Thesis_signal_code.html : The code for the classification of the
electrocardiogram signals taken from the Classification of Heart Sound

Recordings — The PhysioNet Computing in Cardiology Challenge 2016

e 10529371 Thesis_Tabular_data_code.html: The code for the classification of
the tabular data that contains the patient’s age, gender, cholesterol, glucose

level, and a few other features.

e Training_dataset.csv: The training_dataset submitted in the artefact is the
training dataset that contains the features extracted from the electrocardiogram

signals.

e Testset dataset.csv: The testset dataset submitted in the artefact is the training

dataset that contains the features extracted from the electrocardiogram signals.

e Cardio_train.csv: The cardio_train is the training dataset that contains the data

of the patient’s age, gender, cholesterol, glucose level, and so on.
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e Readme: The readme explains the contents of the artefact, how to implement
the python code, and the steps on how to use the GPU provided by the google

colab organization.

Python Code:

The Python code for both the electrocardiogram signals and the tabular data is submitted as an

HTML file by displaying all the results that are required for the assessment.

Note: For further explanation, the link for the data and to understand the contents of the

artefact please refer to the readme file submitted in the artefact.
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