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ABSTRACT

One of the most prominent tools for detecting cardiovascular problems is the
electrocardiogram (ECG). The electrocardiogram (ECG or EKG) is a diagnostic tool that
is used to routinely assess the electrical and muscular functions of the heart. Even
though it is a comparatively simple test to perform, the interpretation of the ECG charts
requires considerable amounts of training. Till recently, the majority of ECG records
were kept on paper. Thus, manually examining and reexamining the ECG paper records
often can be a time-consuming and daunting process. If we digitize such paper ECG
records, we can perform automated diagnosis and analysis. The main goal of this
project is to use machine learning to convert ECG paper records into a 1-D signal. This
can be achieved by extracting the P, QRS, and T waves that exist in ECG signals to
demonstrate the electrical activity of the heart using various techniques. The techniques
include splitting the original ECG report into 13 Leads, extracting and converting into
the signal, smoothing, converting them to binary images using threshold and scaling.
Post-feature extraction, dimension reduction techniques like Principal Component
Analysis are applied to understand the data. Multiple classifiers like k-nearest neighbors
(KNN), Logistic Regression, Support Vector Machine (SVM), and Voting Based
Ensemble Classifier are implemented, and based on the acceptable criteria on the
accuracy, precision, recall, f1-score, and support, the model will be finalized. This final
model will aid in the diagnosing of cardiac diseases, to detect whether a patient has/had
Myocardial Infarction, Abnormal Heartbeat, or the patient is hale and healthy by inferring
the ECG reports.

Keywords: Wavelet features, deep convolutional neural networks (deep CNNSs),
Electrocardiogram (ECG).
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CHAPTER1
INTRODUCTION

According to the World Health Organization, every year 12 million deaths
occur worldwide due to Heart Disease. Heart disease is one of the biggest
causes of morbidity and mortality among the population of the world.
Prediction of cardiovascular disease is regarded as one of the most
important subjects in the section of data analysis. The load of cardiovascular
disease is rapidly increasing all over the world from the past few years. Many
researches have been conducted in attempt to pinpoint the most influential
factors of heart disease as well as accurately predictthe overall risk. Heart
Disease is even highlighted as a silent killer which leads to the death of the
person without obvious symptoms. The early diagnosis of heart disease
plays a vital role in making decisions on lifestyle changes in high-risk patients

and in turn reduces the complications.

Machine learning proves to be effective in assisting in making decisions and
predictions from the large quantity of data produced by the health care
industry. This project aims to predict future Heart Disease by analyzing
data of patients which classifies whether they have heart disease or not using
machine-learning algorithm. Machine Learning techniques can be a boon in
this regard. Even though heart disease can occur in different forms,there is
a common set of core risk factors that influence whether someone will
ultimately be at risk for heart disease or not. By collecting the data from
various sources, classifying them under suitable headings & finally analyzing
to extract the desired data we can say that this technique can be very well

adapted to do the prediction of heart disease.
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1.1 MOTIVATION FOR THE WORK

Heart disease is one of the leading causes of death worldwide, and early
detection of the disease is critical for effective treatment and prevention.
Predictive modeling based on medical imaging is an emerging area that
holds great promise for accurate diagnosis and disease prognosis.\Wavelet
transform has proven to be an effective signal processing technique for
analyzing and extracting features from biomedical signals. Combined with a
deep convolutional neural network (CNN), wavelet features can be used to
construct a powerful predictive model for heart disease diagnosis.The
proposed model aims to leverage the advantages of wavelet analysis and
deep CNNs to improve the accuracy and efficiency of heart disease
prediction. The wavelet transform will be used to extract relevant features
from electrocardiogram (ECG) signals, which will then be fed into a deep
CNN for classification. The model will be trained on a large dataset of ECG
recordings, and its performance will be evaluated using various metrics such
as accuracy, sensitivity, specificity, and area under the receiver operating
characteristic (ROC) curve.The outcome of this work has significant
implications for improving the diagnosis and management of heart disease.
The proposed model has the potential to identify patients at high risk of
developing heart disease, allowing for early intervention and treatment.
Additionally, the model can be used to monitor disease progression and

treatment response, leading to improved patient outcomes and quality of life.

1.2 PROBLEM STATEMENT
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Heart disease is a serious problem that affects many people around the
world. Current diagnostic methods are not always accurate, particularly for
patients with no symptoms. Deep learning algorithms have shown promise
for heart disease prediction using ECG signals, but they can be improved by
incorporating wavelet-based features. However, the potential of this

approach has not been extensively studied.

The goal of this research is to develop a better predictive model for heart
disease using wavelet features and deep learning. The research will answer
questions such as how wavelet-based features improve accuracy and how
the new model compares to existing methods. The results can help improve
early detection and prevention of heart disease, and guide the development

of better diagnostic tools.
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CHAPTER 2
LITERATURE SURVEY

With growing development in the field of medical science alongside machine
learning various experiments and researches has been carried out in these

recent years releasing the relevant significant papers.

Purushottam proposed a paper “Efficient Heart Disease Prediction System”
using hill climbing and decision tree algorithms .They used Cleveland
Dataset and pre-processing of data is performed before using classification
algorithms. The Knowledge Extraction is done based on Evolutionary
Learning (KEEL), an open-source data mining tool that fills the missing
values in the data set.A decision treefollows top-down order. For each actual
node selected by hill-climbing algorithm a node is selected by a test at each
level. The parameters and their values used areconfidence. Its minimum

confidence value is 0.25. The accuracy of the system is about86.7%.

Santhana Krishnan. J ,et ,al proposed a paper “Prediction of Heart Disease
Using Machine Learning Algorithms” using decision tree and Naive Bayes
algorithm for prediction of heart disease. In decision tree algorithm the tree
is built using certain conditions which gives True or False decisions. The
algorithms like SVM, KNN are results based on vertical or horizontal split
conditions depends on dependent variables. But decision tree for a tree like
structure having root node, leaves and branches base on the decision made
in each of tree Decision tree also help in the understating the importance
of the attributes in the data se t. They have also used Cleveland data
set. Dataset splits in 70% training and 30% testing by using some methods.
This algorithm gives 91% accuracy. The second algorithm is Naive Bayes,
which is used for classification. It can handle complicated, nonlinear,

dependent data so it is found
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suitable for heart disease dataset as this dataset is also complicated,

dependent andnonlinear in nature. This algorithm gives an 87% accuracy.

Sonam Nikhar et al proposed paper “ Prediction of Heart Disease
Using Machine Learning Algorithms” their research gives point to point
explanation of Naive Bayes and decision tree classifier that are used
especially in the prediction of Heart Disease Some analysis has been
led to think about the execution of prescient data miningstrategyon the

same dataset, and the result decided that Decision Tree

Avinash Golande et al, proposed “Heart Disease Prediction Using Effective
Machine Learning Techniques” in which few data mining techniques are
used that support the doctors to differentiate the heart disease. Usually
utilized methodologies are k-nearest neighbour, Decision tree and Naive
Bayes. Other unique characterization-based strategies utilized are packing
calculation, Part thickness, consecutive negligible streamlining and neural
systems, straight Kernel self arranging guide and SVM (Bolster Vector

Machine).

Lakshmana Rao et al,proposed “Machine Learning Techniques for Heart
DiseasePrediction” in which the contributing elements for heart disease are
more. So, it is difficult to distinguish heart disease.To find the seriousness
of the heart disease among people different neural systems and datamining

techniques are used

15



CHAPTER 3
METHODOLOGY

3.1 EXISTING SYSTEM

Heart disease is even being highlighted as a silent killer which leads to the
death of a person without obvious symptoms. The nature of the disease is
the cause of growing anxiety about the disease & its consequences. Hence
continued efforts are being done to predict the possibility of this deadly
disease in prior. So that various tools & techniques are regularly being
experimented with to suit the present-day health needs. Machine Learning
techniques can be a boon in this regard. Even though heart disease can occur
in different forms, there is a common set of core risk factors that influence
whether someone will ultimately be at risk for heart disease or not. By
collecting the data from various sources, classifying them under suitable
headings & finally analyzing to extract the desired data we can conclude. This
technique can be very well adapted to the do the prediction of heart disease.
As the well-known quote says “Prevention is better than cure”, early
prediction & its control can be helpful to prevent & decrease the death rates

due to heart disease.

3.2 PROPOSED SYSTEM

The working of the system starts with the collection of data and selecting
the important attributes. Then the required data is Preprocessing into the
required format. The data is then divided into two parts training and testing
data. The algorithms are applied and the model is trained using the training
data. The accuracy of the system isobtained by testing the systemusing the

testing data. This system is implemented using the following modules.
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3.21 Collection of Dataset

Initially, we collect a data set for our heart disease prediction system. After
the collection of the datasets, we split the datasets into training data and
testing data. The training datasets is used for prediction model learning and
testing data is used for evaluating the prediction model. For this project,70%
of training data is used and 30% of data is used for testing. The datasets
used for this project is Heart Disease UCI. The datasets consistsof 76

attributes; out of which, 14 attributes are used for the system.

Prepared data

~

Training data Test data.

Model Model
learning validation

Viachine learning

Fig 3.1: Collection of Data
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3.22 Selection of attributes

Attribute or Feature selection includes the selection of
appropriate attributes for the prediction system. This is used to
increase the efficiency of the system. Various attributes of the patient
like gender, chest pain type, fasting blood pressure, serumcholesterol,
exang, etc are selected for the prediction. The Correlation matrix is

used for attribute selection for this model.
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3.23 Pre-processing of Data

Data pre-processing is an important step for the creation of a machine
learning model. Initially, data may not be clean or in the required format for
the model which can cause misleading outcomes. In pre-processing of data,
we transform data into our required format. It is used to deal with noises,
duplicates, and missing values of the datasets. Data pre-processing has
the activities like importing datasets, splitting datasets, attribute scaling,
etc. Preprocessing of data is required for improving the accuracy of the

model.

Data
Integration

Fig 3.3: Data Pre-processing

3.24 ECG Image processing

ECG image processing involves the extraction of relevant information from electrocardiogram
(ECG) signals using digital image processing techniques. This process includes filtering,
noise reduction, feature extraction, and classification of ECG signals. ECG image processing
plays an important role in diagnosing and monitoring heart diseases, as it allows clinicians to
extract critical information from ECG signals in a fast and efficient manner. With advances in
technology, ECG image processing is becoming increasingly important in the development
of intelligent ECG monitoring systems, which can improve the accuracy and effectiveness of
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ECG signal analysis.

ECG REPORT

Years Male cm kg mmHg Racc:Unknown Room No. Department:

Reporl Confirmed by

0.47-25Hz AC50 2Smumis 10mm/mV 4#2.55+1r WSl SE-2 VIO SEMIP V1.7 2020-08-06  10:30:24 AM

Fig 3.4: ECG Image processing

Data Cleaning & Feature Transformation: To prepare Leads (1-13) for further
processing, each individual lead image is transformed by removing Gridlines,

converting to Grayscale, applying Gaussian filtering, and performing Thresholding to
convert to binary image.

pre-processed Leads 1 image pre-processed Leads 2 image

‘wﬂ

pre-processed Leads 4 image pre-processed Leads 5 image pre-processed Leads 6 image

pre-processed Leads 3 image

pre-processed Leads 7 image pre-processed Leads 8 image

pre-processed Leads 9 image
[~

pre-processed Leads 12 image

Fig 3.4.1 Data Cleaning and Feature transformation
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The transformed image is traced to extract only the signals from the
imageusing the contour technique, and the values are scaled using the
Minmax Scalar. The normalized output is saved in CSV format as a 2D
signal.

Contour 3 image

Contour 1image  Contour 2 image

350 50 4
e N I W 1 00 B
0 200 400 0 200 400 T T T
0 200 400
Contour 4 image _ Contour 5 image

. Contour 6 image
o (A B L e s
200 201 i 0 200 400

0 200 . 400 0 200 . 400
Contour 7 image Contour 8 image

100 1 0 Contour 9 image
100
200 150

T —200 0 200 400
200 400

0 ) Contow021 im#e  Contour 12 image
Contour 10 imaggq A

0
100
150 00 1

0 200 400 T —200 - T T
0 200 400 0 200 400

Fig 3.4.2 Contouring Image

3.25 Prediction of Disease

Various machine learning algorithms like SVM, Naive Bayes, Decision Tree,
Random Tree, Logistic Regression, Ada-boost, Xg-boost are used for
classification. Comparative analysis is performed among algorithms and the

algorithm that gives the highest accuracy is used for heart disease prediction.

* 04
L -

@
?

=

- "
Fig 3.5: Prediction of Disease
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CHAPTER-4
WORKING OF SYSTEM

4.1 SYSTEM ARCHITECTURE

The system architecture gives an overview of the working of the system.

The working of this system is described as follows:

Dataset collection is collecting data which contains patient details. Attributes
selection process selects the useful attributes for the prediction of heart
disease. After identifying the available data resources, they are further
selected, cleaned, made into the desired form. Different classification
techniques as stated will be applied on Preprocessing data to predict the
accuracy of heart disease. Accuracy measure compares the accuracy of

different classifiers.

Collection of patient
details

Dataset

I

Data Preprocessing

Machine Learning
algorithms

I

Logistic

; s i
SVM Naive Bayes Decision Tree Random Forest Regression

Ada-boost Xg-boost

Prediction of disease

Measure of accuracy

Fig 4.1: System Architecture
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4.2 MACHINE LEARNING

In machine learning, classification refers to a predictive modeling
problem where a class label is predicted for a given example of input

data

Supervised Learning

Supervised learning is the type of machine learning in which machines are
trained using well "labeled" training data, and on the basis of that data,
machines predict the output. The labeled data means some input data is

already tagged with the correct output.

In supervised learning, the training data provided to the machines work as
the supervisor that teaches the machines to predict the output correctly. It
applies the same concept as a student learns in the supervision of the
teacher.

Supervised learning is a process of providing input data as well as correct
output data to the machine learning model. The aim of a supervised learning
algorithm is to find a mapping function to map the input variable(x) with the

output variable(y).

Unsupervised learning

Unsupervised learning cannot be directly applied to a regression or
classification problem because unlike supervised learning, we have the input
data but no corresponding output data. The goal of unsupervised learning is
to find the underlying structure of datasets, group that data according to
similarities, and represent that datasets ina compressed

23



format.
e Unsupervised learning is helpful for finding useful insights from the data.

e Unsupervised learning is much similar to how a human learns to

think by their ownexperiences, which makes it closer to the real Al.

e Unsupervised learning works on unlabeled and uncategorized
data which makeunsupervised learning more important.

e In real-world, we do not always have input data with the
corresponding output so tosolve such cases, we need unsupervised

learning.

Reinforcement learning

Reinforcement learning is an area of Machine Learning. It is about taking
suitable action to maximize reward in a particular situation. It is employed by
various software and machines to find the best possible behaviour or path it
should take in a specific situation. Reinforcement learning differs from
supervised learning in a way that in supervised learning the training data has
the answer key with it so the model is trained with the correct answer itself
whereas in reinforcement learning, there is no answer but the reinforcement
agent decides what to do to perform the given task. Inthe absence of a

training datasets, it is bound to learn from its experience.

24



4.3 ALGORITHMS

4.31 SUPPORT VECTOR MACHINE (SVM):

Support Vector Machine or SVM is one of the most popular Supervised
Learning algorithms, which is used for Classification as well as Regression
problems. However, primarily, it is used for Classification problems in

Machine Learning.

The goal of the SVM algorithm is to create the best line or decision boundary
that can segregate n-dimensional space into classes so that we can easily
put the new data pointin the correct category in the future. This best decision
boundary is called a hyperplane.SVM chooses the extreme points/vectors
that help in creating the hyperplane. These extreme cases are called support

vectors, and hence the algorithm is termed as Support Vector Machine.

Support vector machines (SVMs) are powerful yet flexible supervised
machine learning algorithms which are used both for classification and
regression. But generally, they are used in classification problems. In the
1960s, SVMs were first introduced but later they got refined in 1990. SVMs
have their unique way of implementation as compared to other machine
learning algorithms. Lately, they are extremely popular because of their

ability to handle multiple continuous and categorical variables.

The followings are important concepts in SVM -

Support Vectors - Data Points that are closest to the hyperplane are called
support vectors. Separating line will be defined with the help of these data

points.

Hyperplane - As we can see in the above diagram, it is a decision plane or

25



space which is divided between a set of objects having different classes.

Margin - It may be defined as the gap between two lines on the closest
data points of different classes. It can be calculated as the perpendicular
distance from the line to support vectors. Large margin is considered

as a good margin and small margin is considered as a bad margin
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Types of SVM:

SVM can be of two types:

Linear SVM: Linear SVM is used for linearly separable data, whichmeans
if a dataset can be classified into two classes by using a single straight line,
then such data is termed as linearly separable data, and classifier is used

called as Linear SVM classifier.

Non-linear SVM: Non-Linear SVM is used for non-linearly separated data,
which means if a dataset cannot be classified by using a straight line, then
such data is termed as non-linear data and classifier used is called as Non-

linear SVM classifier.

The objective of the support vector machine algorithm is to find a hyperplane in an
N-dimensional space (N - the number of features) that distinctly classifies the data

points.

The advantages of support vector machines are:

Effective in high dimensional spaces.

Still effective in cases where the number of dimensions is greater than

thenumber of samples.

Uses a subset of training points in the decision function (called

supportvectors), so it is also memory efficient.

Versatile: different kernel functions can be specified for the decision function.
Common kernels are provided, but it is also possible to specify custom

kernels.
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The disadvantages of support vector machines include:

If the number of features is much greater than the number of samples,
avoidover-fitting in choosing Kernel functions and regularization term is

crucial.

SVMs do not directly provide probability estimates, these are

calculated using anexpensive five-fold cross-validation.
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4.32 NAIVE BAYES ALGORITHM:

Naive Bayes algorithm is a supervised learning algorithm, which is based
on Bayes theorem and used for solving classification problems.It is mainly

used in text classification that includes a high-dimensional training dataset.

Naive Bayes Classifier is one of the simple and most effectiveClassification
algorithms which helps in building the fast machine learning models that can

make quick predictions.

It is a probabilistic classifier, which means it predicts on the basis of the
probability of an object. Some popular examples of Naive Bayes Algorithm

are spam filtration, Sentimental analysis, and classifying articles.

It is a classification technique based on Bayes’ Theorem with an assumption
of independence among predictors. In simple terms, a Naive Bayes classifier
assumes that the presence of a particular feature in a class is unrelated to

the presence of any other feature.

The Naive Bayes model is easy to build and particularly useful for very large
data sets. Along with simplicity, Naive Bayes is known to outperform even
highly sophisticated classification methods.

The Naive Bayes algorithm is comprised of two words Naive and Bayes,

Which can be described as:

Naive: It is called Naive because it assumes that the occurrence of a certain
feature is independent of the occurrence of other features. Such asif the fruit
is identified on the basis of color, shape, and taste, then red, spherical, and
sweet fruit is recognized as an apple. Hence each feature individually

contributes to identify that it is an apple without depending on each other.
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Bayes’s theorem:

Bayes' theorem is also known as Bayes' Rule or Bayes' law, which is used
to determine the probability of a hypothesis with prior knowledge. It depends

on the conditional probability.

P(B|A)P(A)
P(B)

The formula for Bayes' theorem

P(A]|B)=

is given as:
Where,

P(A|B) is Posterior probability:Probability of hypothesis A on the observed event B.

P(BJA) is Likelihood probability: Probability of the evidence given that the
probabilityof a hypothesis is true.

P(A) is Prior Probability: Probability of hypothesis before observing the
evidence.P(B) is Marginal Probability: Probability of Evidence.

Types of Naive Bayes model:
There are three types of Naive Bayes Model, which are given below:

Gaussian: The Gaussian model assumes that features follow a normal
distribution. This means if predictors take continuous values instead of
discrete, then the model assumes that these values are sampled from the

Gaussian distribution.

Multinomial: The Multinomial Naive Bayes classifier is used when the data
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is multinomial distributed. It is primarily used for document classification
problems, it means a particular document belongs to which category such
as Sports, Politics, education, etc. The classifier uses the frequency of

words forthe predictors.

Bernoulli: The Bernoulli classifier works similar to the Multinomial classifier,
but the predictor variables are the independent Boolean's variables. Such
as if a particular word is present or not in a document. This model is also

famous for document classification tasks.

4.33 DECISION TREE ALGORITHM

Decision Tree is a Supervised learning technique that can be used for both

classification and regression problems, but mostly it is preferred for solving

classification problems. It is a tree-structured classifier, where internal nodes

represent the features of a dataset, branches represent the decision rules

and each leaf node represents the outcome. In a Decision Tree, thereare two

nodes, which are the Decision Node and Leaf Node.

Decision nodes are used to make any decision and have multiple branches,
whereas Leaf nodes are the output of those decisions and do not contain any
further branches. The decisions or the test are performed on the basisof
features of the given dataset. It is a graphical representation for getting all
the possible solutions to aproblem/decision based on given conditions. It is
called a Decision Tree because, similar to a tree, it starts with the root node,
which expands on further branches and constructs a tree-like structure. In
order to build a tree, we use the CART algorithm, which stands for
Classification and Regression Tree algorithm. A Decision Tree simply asks a
question, and based on the answer (Yes/No), it further split the tree into sub

trees.

The Decision Tree Algorithm belongs to the family of supervised machine
learning algorithms. It can be used for both a classification problem as well
as for a regression problem.
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The goal of this algorithm is to create a model that predicts the value of a
targetvariable, for which the decision tree uses the tree representation to
solve the problemin which the leaf node corresponds to a class label and

attributes are represented on theinternal node of the tree.

There are various algorithms in Machine learning, so choosing the best
algorithm for the given dataset and problem is the main point to remember
while creating a machine learning model. Below are the two reasons for

using the Decision Tree:

Decision Trees usually mimic human thinking ability while making a

decision,so it is easy to understand.

The logic behind the decision tree can be easily understood because it

shows atree-like structure.

In Decision Tree the major challenge is to identify the attribute for the root
node in each level. This process is known as attribute selection. We have

two popular attribute selection measures:
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Information Gain:

When we use a node in a Decision Tree to partition the training instances
into smaller subsets, the entropy changes. Information gain is a measure of

this change in entropy.

Entropy is the measure of uncertainty of a random variable, it characterizes
the impurity of an arbitrary collection of examples.

The higher the entropy the more the information content.

Gini Index:

Gini Index is a metric to measure how often a randomly chosen element
would be incorrectly identified. It means an attribute with lower Gini index
should be preferred. Sklearn supports “Gini” criteria for Gini Index and by

default, it takes “gini” value.

The most notable types of Decision Tree algorithms are:-

IDichotomiser 3 (ID3):

This algorithm uses Information Gain to decide which attribute is to be
used to classify the current subset of the data. For each level of the tree,

information gain is calculated for the remaining data recursively.
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1. CA4.5: This algorithm is the successor of the ID3 algorithm. This
algorithm uses either Information gain or Gain ratio to decide
upon the classifying attribute. It is a direct improvement from
the ID3 algorithm as it can handle both continuous and missing
attribute values.

2. Classification and Regression Tree (CART): Itis a dynamic
learning algorithm which can produce a regression tree as well
as a classification tree depending upon the dependent

variable.

Working:

In a Decision Tree, for predicting the class of the given dataset, the algorithm
starts from the root node of the tree. This algorithm compares thevalues of
the root attribute with the record (real dataset) attribute and, based on the

comparison, follows the branch and jumps to the next node.

For the next node, the algorithm again compares the attribute value with
the other sub-nodes and moves further. It continues the process until it
reaches the leaf node of the tree. The complete process can be better

understood using the below algorithm:

Step-1: Begin the tree with the root node, says S, which contains the

completedataset.

Step-2: Find the best attribute in the dataset using Attribute Selection
Measure(ASM).

Step-3: Divide the S into subsets that contains possible values for the

bestattributes.

Step-4: Generate the Decision Tree node, which contains the
bestattribute.
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4.34 RANDOM FOREST ALGORITHM

Random Forest is a supervised learning algorithm. It is an extension of
machine learning classifiers which include the bagging to improve the
performance of Decision Tree. It combines tree predictors, and trees are
dependent on a random vector which is independently sampled. The
distribution of all trees are the same. Random Forests splits nodes using
the best among of a predictor subset that are randomly chosen from the node
itself, instead of splitting nodes based on the variables. The time complexity
of the worst case of learning with Random Forests is O(M(dnlogn)) ,where
M is the number of growing trees, n is the number of instances, and d is the

datadimension.

It can be used both for classification and regression. It is also the most
flexible and easy to use algorithm. A forest consists of trees. It is said that
the more trees it has, the more robust a forest is. Random Forests create
Decision Trees on randomly selected data samples, get predictions from
each tree and select the best solution by means of voting. It also provides a

pretty good indicator of the feature importance.

Random Forests have a variety of applications, such as recommendation
engines, image classification and feature selection. It can be used to classify
loyal loan applicants, identify fraudulent activity and predict diseases. It lies
at the base of the Boruta algorithm, which selects importantfeatures in a

dataset.

Random Forest is a popular machine learning algorithm that belongs to the
supervised learning technique. It can be used for both Classification and
Regression problems in ML. It is based on the concept of ensemble learning,
which is a process of combining multiple classifiers to solve a complex

problem and to improve the performance of the model.
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As the name suggests, "Random Forest is a classifier that contains a number
of decision trees on various subsets of the given dataset and takesthe
average to improve the predictive accuracy of that dataset." Instead of
relying on one decision tree, the random forest takes the prediction from
each tree and based on the majority votes of predictions, and it predicts the

final output.

The greater number of trees in the forest leads to higher accuracy and

prevents the problem of over fitting.
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Assumptions:

Since the random forest combines multiple trees to predict the
class of the dataset, it is possible that some decision trees may predict
the correct output, while others may not. But together, all the trees
predict the correct output. Therefore, below are two assumptions for a

better Random forest classifier:

[ There should be some actual values in the feature variable of
the dataset so that the classifier can predict accurate results rather

than a guessed result.

[ The predictions from each tree must have very low correlations.

Algorithm Steps:

It works in four steps:

| Select random samples from a given dataset.

n Construct a Decision Tree for each sample and

get a predictionresult from each Decision Tree.

| Perform a vote for each predicted result.

n Select the prediction result with the most

votes as the finalprediction.

Advantages:

[ Random Forest is capable of performing both
Classification andRegression tasks.
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4.35 LOGISTIC REGRESSION ALGORITHM

Logistic regression is one of the most popular Machine Learning
algorithms,which comes under the Supervised Learning technique. Itis used
for predicting the categorical dependent variable using a given set of

independent variables.

Logistic regression predicts the output of a categorical dependent variable.
Therefore the outcome must be a categorical or discrete value. It can be
either Yes or No, 0 or 1, true or False, etc. but instead of giving the exact

value as 0 and 1, it gives the probabilistic values which lie between 0 and 1.

Logistic Regression is much similar to the Linear Regression except that how
they are used. Linear Regression is used for solving Regressionproblems,

whereas logistic regression is used for solving the classification problems.

In Logistic regression, instead of fitting a regression line, we fit an "S"shaped

logistic function, which predicts two maximum values (0 or 1).

The curve from the logistic function indicates the likelihood of something
such as whether the cells are cancerous or not, a mouse is obese or not

based on its weight, etc.

Logistic Regression is a significant machine learning algorithm because it
has the ability to provide probabilities and classify new data using continuous

and discrete datasets.
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Advantages:

Logistic Regression is one of the simplest machine learning algorithms and
is easy to implement yet provides great training efficiency in some cases.
Also due to these reasons, training a model with this algorithm doesn't

require high computation power.

The predicted parameters (trained weights) give inference about the
importance of each feature. The direction of association i.e. positive or
negative is also given. So we can use Logistic Regression to find out the

relationship between the features.

This algorithm allows models to be updated easily to reflect new data, unlike
Decision Tree or Support Vector Machine. The update can be done using

stochastic gradient descent.

Logistic Regression outputs well-calibrated probabilities along with
classification results. This is an advantage over models that only give the
final classification as results. If a training example has a 95% probability for
a class, and another has a 55% probability for the same class, we get an
inference about which training examples are more accurate for the

formulated problem.

Disadvantages:

Logistic Regression is a statistical analysis model that attempts to predict
precise probabilistic outcomes based on independent features. On high
dimensional datasets, this may lead to the model being over-fit on the
training set, which means overstating the accuracy of predictions on the
training set and thus the model may not be able to predict accurate results

on the test set. This usually happens in the casewhen the model
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is trained on little training data with lots of features. So on high dimensional
datasets, Regularization techniques should be considered to avoid over-
fitting (but this makes the model complex). Very high regularization factors

may even lead to the model being under-fit on the training data.

Non linear problems can't be solved with logistic regression since it has a
linear decision surface. Linearly separable data is rarely found in real world
scenarios. So the transformation of non linear features is required which can
be done by increasing the number of features such that the data becomes

linearly separable in higher dimensions.

Logistic Regression

sigmoid(X)

o4

o2

oo

Fig 4.2: Logistic Regression
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4.36 ADABOOST ALGORITHM

Adaboost was the first really successful boosting algorithm developed for the
purpose of binary classification. Adaboost is short for Adaptive Boosting and
is a verypopular boosting technique which combines multiple “weak
classifiers” into a single “strong classifier”

Algorithm:
Initially, Adaboost selects a training subset randomly.

It iteratively trains the Adaboost machine learning model by selecting the
trainingset based on the accurate prediction of the last training.

It assigns the higher weight to wrong classified observations so that in
the next iteration these observations will get the high probability for
classification.

Also, it assigns the weight to the trained classifier in each iteration
according to theaccuracy of the classifier. The more accurate classifier will
get high weight.

This process iterates until the complete training data fits without any error
or untilreached to the specified maximum number of estimators.

To classify, perform a "vote" across all of the learning algorithms you built

Advantages:

Adaboost has many advantages due to its ease of use and less parameter
tweaking when compared with the SVM algorithms. Plus Adaboost can be
used with SVM though theoretically, overfitting is not a feature of Adaboost
applications, perhaps because the parameters are not optimized jointly and
the learning process is slowed due to estimation stage-wise. This link is
useful to understand mathematics. The flexible Adaboost can also be used

for accuracy improvement of weak classifiers and cases in image/text class.
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Disadvantages:

Adaboost uses a progressively learning boosting technique. Hence high-
quality data is needed in examples of Adaboost vs Random Forest. Itis also
very sensitive to outliers and noise in data requiring the elimination of these
factors before using the data. It is also much slower than the XG- boost

algorithm.

4.37 XGBOOST ALGORITHM

XG-boost is an implementation of Gradient Boosted decision trees. It is a
type of Software library that was designed basically to improve speed and
model performance. In this algorithm, decision trees are created in
sequential form. Weights play an important role in XG-boost. Weights are
assigned to all the independent variables which are then fed into thedecision
tree which predicts results. Weight of variables predicted wrong by the tree
is increased and these the variables are then fedto the second decision tree.
These individual classifiers/predictors then assemble to givea strong and
more precise model. It can work on regression, classification, ranking, and

user-defined predict.

Regularization: XG-boost has in-built L1 (Lasso Regression) and L2
(RidgeRegression) regularization which prevents the model from overfitting.
That is why, XG-boost is also called regularized form of GBM (Gradient
Boosting Machine).

While using Sci kit Learn library, we pass two hyper-parameters (alpha and
lambda) to XG-boost related to regularization. alpha is used for L1

regularization and lambda isused for L2 regularization.

Parallel Processing: XG-boost utilizes the power of parallel processing and
that is why it is much faster than GBM. It uses multiple CPU cores to

execute the model. While using Sci kit Learn library, nthread hyper-
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parameter is used for parallel processing. nthread represents number of
CPU cores to be used. If you want to use all the available cores, don't

mention any value for nthread and the algorithm will detect automatically.

Handling Missing Values: XG-boost has an in-built capability to handle
missing values. When XG-boost encounters a missing value at a node, it tries
both the left andright hand split and learns the way leading to higher loss for

each node. It then does the same when working on the testing data.

2. Cross Validation: XG-boost allows user to run a cross-validation at
each iteration of the boosting process and thus it is easy to get the
exact optimum number of boosting iterations in a single run. This is
unlike GBM where we have to run a grid-search and only a limited

values can be tested.

3. Effective Tree Pruning: A GBM would stop splitting a node when it
encounters a negative loss in the split. Thus it is more of a greedy
algorithm. XG-boost on the other hand make splits upto the
max_depth specified and then start pruning the tree backwards and

remove splits beyond which there is no positive gain.
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3.Cross Validation: XG-boost allows user to run a cross-validation at each
iteration of the boosting process and thus it is easy to get the exact optimum
number of boosting iterations in a single run. This is unlike GBM where we

have to run a grid-search and only a limited values can be tested.

4.Effective Tree Pruning: A GBM would stop splitting a node when it
encounters a negative loss in the split. Thus it is more of a greedy algorithm.
XG-boost on the other hand make splits up to the max_depth specified and
then start pruning the tree backwards and remove splits beyond which there

is no positive gain.
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4.4 PERFORMANCE ANALYSIS

In this project, various machine learning algorithms like SVM, Naive Bayes,
Decision Tree, Random Forest, Logistic Regression, Adaboost, XG-boost
are used to predict heart disease. Heart Disease UCI dataset, has a total of
76 attributes, out of those only 14 attributes are considered for the prediction
of heart disease. Various attributes of the patient like gender, chest pain type,
fasting blood pressure, serum cholesterol, exang, etc are considered for this
project. The accuracy for individual algorithms has to measure and
whichever algorithm is giving the best accuracy,that is considered for the
heart disease prediction. For evaluating the experiment, various evaluation
metrics likeaccuracy, confusion matrix, precision, recall, and f1-score are
considered.

Accuracy- Accuracy is the ratio of the number of correct predictions

to the totalnumber of inputs in the dataset. It is expressed as:

Accuracy = (TP + TN) /(TP+FP+FN+TN)

Confusion Matrix- It gives us a matrix as output and gives the total

performance of thesystem.

Confusion matrix of the classifier
1
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Fig 4.4: Confusion Matrix



Correlation Matrix: The correlation matrix in machine learning is used

for feature selection. It represents dependency between various

attributes.
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Precision- It is the ratio of correct positive results to the total

number of positive results predicted by the system.

Itis expressed as:

Recall-It is the ratio of correct positive results to the total number

of positive results predicted by the system.

Itis expressed as:

F1 Score-lt is the harmonic mean of Precision and Recall. It

measures the test accuracy. The range of this metric is 0 t
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CHAPTER-5
RESULTS

ECG image processing is an important step in the analysis of ECG signals and can
help improve the accuracy of diagnosis and monitoring of heart diseases. The use of
web applications can make ECG image processing more accessible to clinicians and
patients, as it eliminates the need for specialized hardware or software RGB to
grayscale conversion is a common technique used in image processing to simplify
image analysis and reduce computational complexity. Denoising and Gaussian
filtering are essential for removing noise from ECG signals and reducing the impact
of artifacts, which can interfere with signal analysis. Thresholding and contouring
techniques help to separate the ECG signal from the background and remove grid
lines and other irrelevant information. Dimensionality reduction techniques are often
used to reduce the computational cost of ECG signal analysis, as these signals can
contain large amounts of data. Segmentation is a critical step in ECG signal
processing, as it allows for the identification of specific waves (P, QRS, T) that can
provide insights into heart function. .Pre-trained models can be used to automate
ECG signal analysis, saving time and reducing errors associated with manual
analysis. By returning results based on the findings of the pre-trained model, the web
application can provide clinicians with actionable insights into heart health and help

improve patient outcomes
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CHAPTER 6
CONCLUSION

In conclusion, ECG image processing is an essential technique that can aid
in the accurate diagnosis and monitoring of heart diseases. In this work, we
have presented a web application that utilizes various image processing
techniques to extract relevant information from ECG signals. By
implementing techniques such as RGB to grayscale conversion, denoising,
Gaussian filtering, thresholding, and contouring, we were able to extract
signals without the grid lines and reduce the dimensionality of the signal.
We then utilized segmentation to extract specific waves (P, QRS, T) and
feed them into a pre-trained model for analysis. Our approach shows
promising results in terms of accuracy and efficiency in analyzing ECG

signals.
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APPENDIX

A. SCREENSHOTS

FIG: A.1 AWEBPAGE FOR SELECTING THE ECG IMAGE

FIG: A.2 SELECTING THE ECG IMAGE
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PREPROCESSED LEADS

FIG: A.3 PREPROCESSED ECG IMAGE
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FIG: A.4 CONTOURED ECG IMAGE
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B. SOURCE CODE:

'pip install streamlit

$swritefile final app.py

- P 3. e i s e
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77777 1« —

FIG: A.5 PREDICTION OF THE ECG IMAGE

from skimage.io import imread
from skimage import color
import matplotlib.pyplot as plt

import streamlit as st

skimage.filters import threshold otsu,gaussian
skimage.transform import resize

numpy import asarray

skimage.metrics import structural similarity
skimage import measure

sklearn.decomposition import PCA
sklearn.neighbors import KNeighborsClassifier
import joblib

from
from
from
from
from
from
from

from sklearn.preprocessing import MinMaxScaler

import pandas as pd
import numpy as np
import os

from natsort import natsorted

uploaded file

st.file uploader ("Choose a file")

if uploaded file is not None:
image=imread (uploaded file)

image gray

color.rgb2gray (image)

image gray=resize(image gray, (1572,2213))
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#checkign if we parse the user image and similar to our format
imagel=imread ('/content/PMI (1).jpg")
imagel = color.rgb2gray (imagel)
imagel=resize (imagel, (1572,2213))

image2=imread ('/content/HB(6) .jpg")
image2 = color.rgb2gray (image?2)
image2=resize (image2, (1572,2213))

image3=imread('/content/Normal (1) .jpg"')
image3 = color.rgb2gray (image3)
image3=resize (image2, (1572,2213))

imaged=imread ('/content/MI (1).jpg")
image4 = color.rgb2gray (image4)
imaged=resize (image2, (1572,2213))

similarity score=max(structural similarity(image gray,imagel),structural simil
arity (image gray,image2), structural similarity(image gray,image3),structural s
imilarity(image gray, imaged))

if similarity score > 0.70:
st.image (image)
"UUHE## **GRAY SCALE IMAGExx"""
my expander = st.expander (label='Gray SCALE IMAGE')
with my expander:
st.image (image gray)
"UUEEES *FDIVIDING LEADS**""v
#dividing the ECG leads from 1-13 from the above image
Lead 1 = image[300:600, 150:643]

Lead:2 = image[300:600, 646:1135]

Lead 3 = image[300:600, 1140:1625]

Lead 4 = image[300:600, 1630:2125]

Lead 5 = image[600:900, 150:643]

Lead 6 = image[600:900, 646:1135]
[

Lead 7 = image[600:900, 1140:1625]
Lead 8 = image[600:900, 1630:2125]
Lead 9 = image[900:1200, 150:643]
Lead 10 image[900:1200, 646:1135]
Lead 11 = image[900:1200, 1140:1625]
Lead 12 image[900:1200, 1630:2125]
Lead 13 = image[1250:1480, 150:2125]

Leads=[Lead 1,Lead 2,Lead 3,Lead 4,Lead 5,Lead 6,Lead 7,Lead 8,Lead 9,Lead 10,
Lead 11,Lead 12,Lead 13]

#plotting lead 1-12

fig , ax = plt.subplots (4, 3)

fig.set size inches (10, 10)

x_counter=0

y_counter=0

for x,y in enumerate (Leads[:len(Leads)-11):

if (x+1)%3==0:
ax[x counter] [y counter].imshow (y)
ax[x counter] [y counter].axis('off')
ax[x counter] [y counter].set title("Leads {}".format (x+1))
X _counter+=1
y_counter=0

else:
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ax[x counter] [y counter].axis('off')
ax[x counter] [y counter].set title("Leads {}".format (x+1))
y_counter+=1

fig.savefig('Leads 1-12 figure.png')
figl , axl = plt.subplots()
figl.set size inches (10, 10)
axl.imshow (Lead 13)
axl.set title("Leads 13")
axl.axis('off'")
figl.savefig('Long Lead 13 figure.png')
my expanderl = st.expander (label='DIVIDING LEAD')
with my expanderl:
st.image('Leads 1-12 figure.png')
st.image('Long Lead 13 figure.png')

"Uvid#s **PREPROCESSED LEADS**"""
fig2 , ax2 = plt.subplots (4, 3)
fig2.set size inches (10, 10)
#setting counter for plotting based on value
x_counter=0

y_counter=0

for x,y in enumerate (Leads[:len(Leads)-117):
#converting to gray scale
grayscale = color.rgb2gray(y)
#smoothing image
blurred image = gaussian(grayscale, sigma=0.9)
#thresholding to distinguish foreground and background
#Husing otsu thresholding for getting threshold value
global thresh = threshold otsu(blurred image)

#ereating binary image based on threshold
binary global = blurred image < global thresh
#resize image
binary global = resize(binary global, (300, 450))
if (x+1)%3==0:
ax2[x_counter] [y counter].imshow(binary global, cmap="gray")
ax2[x_counter] [y counter].axis('off'")
ax2[x_counter] [y counter].set title("pre-processed Leads {}
image".format (x+1))
X _counter+=1
y_counter=0
else:
ax2[x_counter] [y counter].imshow(binary global, cmap="gray")
ax2[x_counter] [y counter].axis('off'")
ax2[x_counter] [y counter].set title("pre-processed Leads {}
image".format (x+1))
y_counter+=1
fig2.savefig('Preprossed Leads 1-12 figure.png')

#plotting lead 13

fig3 , ax3 = plt.subplots()
fig3.set size inches (10, 10)

#Hconverting to gray scale

grayscale = color.rgb2gray(Lead 13)

#smoothing image

blurred image = gaussian(grayscale, sigma=0.7)
#thresholding to distinguish foreground and background

#Husing otsu thresholding for getting threshold value

global thresh = threshold otsu(blurred image)
print (global thresh)



#creating binary image based on threshold

binary global = blurred image < global thresh
ax3.imshow (binary global,cmap='gray')

ax3.set title("Leads 13")

ax3.axis('off")
fig3.savefig('Preprossed Leads 13 figure.png')

my expander2 = st.expander (label='PREPROCESSED LEAD'")
with my expander2:
st.image ('Preprossed Leads 1-12 figure.png')
st.image ('Preprossed Leads 13 figure.png')

mungddd **EXTRACTING SIGNALS (1-13) xxmnn
figd , ax4 = plt.subplots (4, 3)
fig4.set size inches (10, 10)
x_counter=0
y_counter=0
for x,y in enumerate (Leads[:len(Leads)-1]):
#converting to gray scale
grayscale = color.rgb2gray(y)
#smoothing image
blurred image = gaussian(grayscale, sigma=0.9)
#thresholding to distinguish foreground and background
#Husing otsu thresholding for getting threshold value
global thresh = threshold otsu(blurred image)

#creating binary image based on threshold

binary global = blurred image < global thresh
#resize image

binary global = resize (binary global, (300, 450))

#finding contours
contours = measure.find contours (binary global,0.8)
contours_shape = sorted([x.shape for x in contours]) [::-1][0:1]

for contour in contours:
if contour.shape in contours shape:
test = resize(contour, (255, 2))
if (x+1)%3==0:
ax4[x _counter] [y counter].plot(test[:, 1], testl:,
0],linewidth=1,color="black"')
ax4[x counter] [y counter].axis('image')
ax4[x _counter] [y counter].set title("Contour {} image".format (x+1))
X _counter+=1
y_counter=0
else:
ax4[x_counter] [y counter].plot(test[:, 1], test[:,
0],linewidth=1,color="black")
ax4[x _counter] [y counter].axis('image')
ax4[x_counter] [y counter].set title("Contour {} image".format (x+1))
y_counter+=1

#scaling the data and testing

lead no=x

scaler = MinMaxScaler ()

fit transform data = scaler.fit transform(test)

Normalized Scaled=pd.DataFrame (fit transform datal[:,0], columns = ['X'])

Normalized Scaled=Normalized Scaled.T

#scaled data to CSV

if
(os.path.isfile('scaled data 1D {lead no}.csv'.format (lead no=lead no+l))):

Normalized Scaled.to csv('Scaled 1DLead {lead no}.csv'.format (lead no=lead no+
1), mode='a',index=False)



else:

Normalized Scaled.to csv('Scaled 1DLead {lead no}.csv'.format (lead no=lead no+
1) ,index=False)

figd.savefig('Contour Leads 1-12 figure.png')
my expander3 = st.expander (label='CONOTUR LEADS')
with my expander3:

st.image ('Contour Leads 1-12 figure.png')

"UUEEEE **CONVERTING TO 1D SIGNAL**"""
#lets try combining all 12 leads
test final=pd.read csv('/content/Scaled 1DLead l.csv')

location= '/content/'
for files in natsorted(os.listdir (location)):
if files.endswith(".csv"):

if files!='Scaled 1DLead l.csv':
df=pd.read csv('/content/{}'.format (files))
test final=pd.concat ([test final,df],axis=1,ignore index=True)

st.write(test final)
"UUhEEE **PASS TO ML MODEL FOR PREDICTION**""™"
loaded model = joblib.load('/content/model test.pkl')
result = loaded model.predict (test final)
if result[0] ==
st.write("You ECG corresponds to Myocardial Infarction")

if result[0] ==
st.write("You ECG corresponds to Abnormal Heartbeat")

if result[0] ==
st.write("Your ECG i1s Normal™)

if result[0] ==
st.write("You ECG corresponds to History of Myocardial Infarction™)

else:
st.write("Sorry Our App won't be able to parse this image format right

now!!!. Pls check the image input sample section for supported images")

Overwriting final app.py

! streamlit run final app.py & npx localtunnel --port 8501
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