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Abstract — Improving patient survival and decreasing healthcare costs requires early diagnosis and precise prediction of
cardiac events, because heart disease remains one of the top causes of death globally. There are a lot of machine learning
algorithms that may help doctors spot cardiac problems, but they all have their limits when it comes to dealing with datasets
that are different. Concerns with computational efficiency, false classification rates, feature selection, and forecast accuracy are
common with current classification methods. In order to tackle these problems, this research introduces a hybrid machine
learning classification framework that combines the strengths of SVM, Decision Tree J48, ANN, and Hidden Markov Model
(HMM). In order to determine which qualities are most important for classification, the suggested approach uses two feature
selection methods: Correlation-Based Feature Selection (CFS) and Gain Ratio in conjunction with the Ranker search method.
A layered processing technique based on Naive Bayes is used to integrate the best classification models for better prediction,
depending on the algorithms' comparative performance. To begin, several feature subsets are used to assess the effectiveness of
various classification methods. To improve prediction accuracy and overall QoS, the most efficient algorithms are then included
into the proposed hybrid architecture. A better prediction performance compared to current methodologies is achieved by the
suggested hybrid classification strategy, according to experimental study. This makes it a useful decision-support tool for
healthcare applications and detection of heart disease.
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I. INTRODUCTION

An enormous percentage of the world's deaths are
attributable to cardiovascular illnesses, which rank among
the top public health concerns worldwide. Intelligent
healthcare technologies that can aid doctors in establishing
quick and accurate diagnoses are desperately needed due
to the rising incidence of heart disease. Clinicians may
reduce mortality rates, improve patient outcomes, and
minimise healthcare expenses by identifying heart-related
diseases early and initiating appropriate therapy at an
earlier stage. Therefore, a significant focus of medical
informatics and Al research has been the creation of
trustworthy computational methods for the prediction of
cardiac illness.

By making it possible to derive useful insights from
massive amounts of medical data, recent developments in
data mining and machine learning have revolutionised the
healthcare  industry. ~ Medical  records,  patient
demographics, physiological traits, test results, and
medical history are all part of the clinical datasets gathered
from healthcare facilities and organisations. These datasets
provide a great chance to build prediction algorithms that
can find hidden patterns linked to heart conditions. By
analysing these patterns, machine learning algorithms may
create prediction models that help doctors identify people
at risk of cardiovascular disease and those who are
otherwise healthy.

Support Vector Machines (SVM), Decision Trees, Hidden
Markov Models (HMM), Naive Bayes classifiers, Random
Forests, and other ensemble learning approaches are
among the many classification algorithms that have been
studied for medical diagnosis. Although they all have their
advantages, each of these methods also has its
disadvantages. Artificial Neural Networks (ANNSs) are a
good example; they're great at learning nonlinear
functions, but they may be resource- and optimization-
intensive. When dealing with massive amounts of medical
information,  Support Vector Machines may be
computationally costly, but they provide excellent
classification accuracy for complicated datasets. While
decision tree algorithms are quite interpretable, they might
overfit in some scenarios. While Hidden Markov Models
are great at capturing probabilistic correlations in
sequential data, they may not be as useful when dealing
with healthcare datasets that are diverse.

Medical datasets often include information that are not
relevant, duplicated, or strongly linked, which poses a big
problem when trying to forecast cardiac disease.
Classification accuracy, computational cost, and model
generalisability are all significantly impacted when
superfluous features are included. Therefore, feature
selection approaches are essential for determining which
clinical characteristics are most valuable and for removing
unnecessary data. By improving prediction accuracy,
reducing model complexity, and shortening training time,
intelligent healthcare systems become more realistic for
real-world deployment via effective feature selection.
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In order to circumvent the shortcomings of specific
categorisation algorithms, several academics have put forth
hybrid machine learning strategies. For better diagnostic
results, use a hybrid model that combines the advantages
of several classifiers and feature selection methods. To
increase overall classification performance, hybrid
learning frameworks use complementing qualities of
several models rather than depending on the prediction
capabilities of a single algorithm. In medical diagnostics,
these methods have been quite effective, especially for
illness prediction issues with complicated and diverse
datasets.

The suggested study takes a hybrid approach to machine
learning by combining four popular categorisation
methods: Decision Tree J48, Hidden Markov Model
(HMM), Artificial Neural Network (ANN), and Support
Vector Machine (SVM). To further narrow down the
clinical characteristics to the most important ones, two
feature selection processes are used: Correlation-Based
Feature Selection (CFS) with Best-First Search and Gain
Ratio using the Ranker approach. To enhance prediction
accuracy and Quality of Service (QoS), the suggested
architecture builds a layered Naive Bayes processing
mechanism after assessing each model's performance with
various feature subsets.

The main goal of this study is to create a hybrid
classification framework that is efficient and can improve
the accuracy of heart disease predictions while lowering
computing complexity and false classifications. The
suggested approach takes use of the benefits of several
machine learning algorithms by studying how well they
perform under various feature selection techniques and
then combining them into a single decision-making
framework. The goal of the system is to provide doctors
and nurses a solid clinical decision-support tool that will
help them make better diagnoses and intervene faster when
needed.

In sum, by showing that hybrid machine learning
approaches work for cardiovascular disease prediction, this
study helps move intelligent healthcare systems forward.
To improve prediction reliability while keeping
computational economy, it is efficient to integrate several
classifiers and use optimised feature selection. Artificial
intelligence is becoming more important in current
healthcare applications, and the suggested framework
provides a realistic method to aiding doctors in early heart
disease identification.

Il. LITERATURE SURVEY

Advances in data mining and machine learning have had a
major impact on smart healthcare system development,
especially in the areas of illness prediction and diagnosis.
With the proliferation of EMRs and the pressing need for
earlier diagnosis, the field of heart disease prediction has
garnered a lot of interest. In order to aid doctors in making
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correct diagnoses, some researchers have suggested
machine learning algorithms that can analyse patient data.
There has been a lot of improvement, however current
methods still have problems with prediction accuracy,
feature selection, computing efficiency, and generalising
models.

Traditional classification algorithms have been the subject
of several investigations about their potential use in
medical diagnosis. The efficacy of prediction models is
heavily dependent on the properties of the underlying data,
as shown by Sharma et al., who compared several
categorisation methods using various datasets. Using
Decision Tree algorithms, Sarkar et al. predicted
workplace accidents and demonstrated how important
intelligent categorisation models are for facilitating
complicated decision-making. Verma and Mehta also
found that when it comes to bioinformatics, integrating
many classifiers frequently results in greater prediction
performance than individual algorithms when comparing
ensemble learning techniques.

Because it may unearth previously unknown correlations in
clinical records, data mining has quickly become an
indispensable resource for healthcare analytics. While
Jatav and Sharma presented predictive data mining
methods for medical diagnostics using intelligent
classification algorithms, Almaw and Kadam examined
several ensemble learning strategies for predictive
analytics. In their study, Wu et al. used medical data
mining to create a machine learning model for predicting
Type-2 diabetes. They found that supervised learning
algorithms greatly enhance the accuracy of illness
prediction. All things considered, the results of this
research show that machine learning is a great help when it
comes to clinical diagnosis, as it can find important
patterns in complicated healthcare data.

When it comes to sequential prediction and pattern
recognition, the Hidden Markov Model (HMM) is one of
the most used supervised learning methods. Since its
introduction by Baum and Petrie, HMM has shown to be a
powerful tool for processing medical data, analysing
biological sequences, recognising handwriting, and
recognising spoken language. Zhang showed that Hidden
Markov Models are good in capturing probabilistic
connections among sequential observations and continued
to investigate their data mining applications. Hybrid
disease prediction frameworks benefit greatly from HMM
due to these qualities.

Because of its capacity to generate ideal separation
hyperplanes across distinct classes, Support Vector
Machine (SVM) is another extensively used classification
technology. According to Janardhanan et al.'s evaluation of
SVM's performance in medical data mining, the method
offers good generalisability and excellent classification
accuracy. Medical diagnosis, text categorisation, picture
classification, and a plethora of other biomedical
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applications have all found success with SVM's effective
handling of high-dimensional datasets.

Because of their capacity to learn intricate nonlinear
correlations from healthcare data, Artificial Neural
Networks (ANNs) have also shown outstanding
performance in illness prediction. Artificial neural network
(ANN) models mimic the structure and function of the
human nervous system by simulating its network of
neurones to  build  hierarchical  representations
automatically during training. Their capacity to learn and
adapt makes them ideal for predicting cardiac problems
since they can simulate complex correlations among
clinical variables. On the other hand, in order for ANN
models to operate at their best, extensive parameter
tweaking and training datasets are usually necessary.

The J48 classifier and other Decision Tree algorithms have
become quite popular due to its computing efficiency,
interpretability, and simplicity. In their study, Gaganjot
Kaur and Amit Chhabra proved that the J48 algorithm was
useful for diabetes prediction, and they also found that
decision trees make decision-making processes clear and
easy to understand for medical experts. However,
researchers  often combine decision trees with
supplementary learning algorithms to prevent overfitting,
which may occur when training on noisy or very
complicated datasets.

The use of hybrid machine learning approaches to illness
prediction has recently received a lot of attention from
researchers. The hybrid machine learning framework for
cardiac disease prediction put forth by Mohan et al.
outperformed the individual learning algorithms in terms
of classification accuracy. To improve diagnostic
reliability while reducing computing complexity, some
researchers have looked at combinations of feature
selection approaches using several classifiers. To improve
prediction performance, these hybrid techniques combine
the best features of many algorithms while addressing their
weaknesses.

Across many medical datasets, no single machine learning
method has been shown to consistently outperform all
others, according to the extant research. Factors like as
classifier design, dataset properties, and feature selection
tactics significantly impact prediction models' efficacy.
Therefore, a new approach to enhancing the accuracy of
heart disease predictions is the use of hybrid learning
frameworks. These frameworks combine various
classification algorithms with optimised feature selection
approaches. In light of these findings, this study integrates
various algorithms to create a hybrid system for predicting
heart disease that is both more accurate and dependable.
The algorithms used include Decision Tree J48, Gain
Ratio, Artificial Neural Network (ANN), Support Vector
Machine (SVM), Hidden Markov Model (HMM), and
Correlation-Based Feature Selection (CFS).
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I11.PROPOSED METHODOLOGY

To enhance the precision and dependability of cardiac
ilness prediction, the suggested hybrid machine learning
framework combines several classification algorithms with
enhanced feature selection methods. The suggested
approach assesses many supervised learning algorithms
and cleverly merges the best models to build an efficient
prediction framework, rather than relying on the
performance of a single classifier. Reliable clinical
decision assistance for healthcare providers, with a focus
on reducing false classifications and increasing forecast
accuracy, is the major goal.

The University of California, Irvine Machine Learning
Repository is a good resource for standardised medical
datasets that are appropriate for study on illness prediction;
initially, datasets related to heart disease are retrieved from
there. In the preparation phase, we look for and eliminate
duplicate or missing data, inconsistent records, and
incomplete  values from the acquired dataset.
Preprocessing data improves model performance by
making sure the input dataset is clean, consistent, and
ready for further machine learning operations.

The suggested framework uses two feature selection
methods—Correlation-Based Feature Selection (CFS)
based on the Best-First Search strategy and Gain Ratio
based on the Ranker method—following preprocessing. By
removing superfluous or unhelpful information, these
feature selection algorithms isolate the most useful clinical
characteristics for making predictions. The compute
complexity and classifier efficiency are both improved by
the suggested system's reduction of dataset dimensionality.
Following feature optimisation, Decision Tree J48,
Support Vector Machine (SVM), Hidden Markov Model
(HMM), and Artificial Neural Network (ANN) are
assessed separately as supervised machine learning
techniques. To find out how well it can predict using
various feature selection procedures, each classifier does
its own analysis on the optimised dataset. The framework
can determine the relative merits of the various
classification algorithms via comparative assessment,
which is then used to build the hybrid model.

The suggested technique chooses the best classifier
combinations using the comparative analysis and combines
them using a tiered processing mechanism based on Naive
Bayes. The layered architecture takes use of each
algorithm's unique characteristics to provide prediction
results that are more solid than those of the individual
classifiers. Reducing false prediction rates and boosting
diagnostic reliability, the framework re-evaluates the
classification using the alternative optimised classifier if
there are conflicting predictions among the chosen models.
To further guarantee impartial model assessment and
trustworthy performance estimate, the suggested hybrid
architecture uses 10-fold cross-validation during testing
and training. To reduce the likelihood of overfitting and
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maximise the likelihood of model generalisation, this
validation technique partitions the dataset into many
subgroups and uses each subset for training and testing.

In the end, we compare the hybrid classification
framework’s prediction results to those of preexisting
models for cardiac illness prediction to see how well they
do in terms of accuracy and QoS. The suggested
combination of layered Naive Bayes processing, optimised
feature selection techniques, Decision Tree J48, ANN, and
SVM improves prediction accuracy and decreases
computing complexity and classification mistakes,
according to experimental research. The research's original
machine learning approach remains unchanged in this
hybrid framework, which aids healthcare professionals in
early identification and treatment of heart disease via an
efficient decision-support mechanism.

r——

Figure 1. Hybrid Machine Learning System Architecture
for Heart Disease Prediction

IV.SYSTEM ARCHITECTURE

Data  preprocessing, feature  selection,  multiple
classification algorithms, and hybrid decision-making are
all features of the recommended hybrid heart disease
prediction system's layered machine learning architecture,
which strives to boost prediction accuracy and QoS
overall. The architecture cleverly incorporates various
supervised learning methodologies, rather than depending
on a single machine learning model, to give more
consistent and predictable diagnostic predictions. The
framework’s individual modules all work together to
classify cardiac diseases accurately.

Gathering patient information from the UCI Machine
Learning Repository is the first stage in the architecture's
dataset acquisition module. The dataset includes various
demographic details and medical notes that are linked to
the diagnosis of heart disease. Because healthcare datasets
frequently contain inaccurate or missing values, duplicate
entries, or noisy information, preprocessing is performed
on the obtained data before a model is developed.

Among the many tasks carried out by the data preparation
module are the enhancement of data quality and the
maintenance of consistency during the learning process.
Identification and proper handling of missing data,
deletion of duplicate entries, and elimination of extraneous
information are all part of the process. In order to make the
processed dataset more compatible with various machine
learning methods, it is subsequently normalised. This
preprocessing procedure substantially boosts prediction
performance by improving the overall quality of the
training dataset and eliminating data inconsistencies.
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The feature selection module takes the optimised dataset
from preprocessing and applies two separate feature
selection methods. In the first method, we combine the
Best-First Search strategy with Correlation-Based Feature
Selection (CFS) to locate the most essential qualities and
get rid of the irrelevant ones. The second strategy ranks
characteristics according to their information gain utilising
Gain Ratio in combination with the Ranker mechanism.
These feature selection strategies improve classifier
accuracy, reduce dataset dimensionality, and reduce
computing complexity by extracting the most relevant
clinical features.

Use of the selected feature subsets is implemented in the
classification module using four distinct supervised
machine learning algorithms: Decision Tree J48, Support
Vector Machine (SVM), Hidden Markov Model (HMM),
and Artificial Neural Network (ANN). Every classifier
analyses the optimised dataset independently so that it can
generate predictions using its own learning characteristics.

= The framework may independently evaluate each feature

subset to find the best classifier, as different methods
perform better under different dataset circumstances.

Our own predictions are made, and then the data is fed into
the hybrid decision module. The suggested system doesn't
depend on a single classifier but rather calculates the
optimal mix of algorithms by comparing their performance
and making predictions. A tiered processing strategy based
on Naive Bayes is used to integrate the selected classifiers,
which then generates the final prediction. When there are
differences in the results given by the classifiers, the
framework re-evaluates the prediction to make sure the
diagnostics are more reliable and less prone to false
positives.

Classifier performance under varying testing and training
partitions may be tested by means of a 10-fold cross-
validation module, which is further incorporated into the
design. To minimise overfitting and offer an unbiased
evaluation of the model's performance, cross-validation
makes sure that every sample is utilised for training and
testing. Model generalisability and confidence in the
projected outcomes are both strengthened by this
evaluation technique.

As a concluding stage, the prediction and performance
evaluation module examines how well the provided
categorisation results stand up against existing
methodologies for predicting heart disease. We look at
performance criteria, such as prediction accuracy, to see
how well the proposed hybrid design works. Experimental
findings show that combining several ML classifiers with
optimised feature selection approaches lowers processing
cost and erroneous classification rates while significantly
improving prediction accuracy.

The proposed system
comprehensive  machine

architecture incorporates a
learning framework, which
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includes intelligent feature optimisation, multiple
supervised classifiers, layered hybrid decision-making, and
robust validation methods. Doctors are able to make more
informed clinical choices, which results in earlier diagnosis
and improved patient care, because to the accurate,
reliable, and computationally efficient cardiac disease
prediction provided by these modules.

V. FEATURE ENHANCEMENT

The The accuracy of predictions, computational efficiency,
and reliability of heart disease detection are all much
improved by the suggested hybrid machine learning
architecture, which integrates many innovations. The
framework successfully overcomes the shortcomings of
traditional classification models by combining various
supervised learning algorithms with enhanced feature
selection methods. The suggested method achieves better
clinical prediction accuracy with computational efficiency

befitting real-world healthcare applications via the
integration  of  intelligent  preprocessing, feature
optimisation, layered decision-making, and hybrid

classification.

Using hybrid machine learning for categorisation is one of
the main improvements to the suggested framework.
Decision Tree J48, Support Vector Machine (SVM),
Hidden Markov Model (HMM), and Artificial Neural
Network (ANN) are the four prediction models that the
system relies on instead of just one. By including many
methods, the framework is able to increase prediction
stability and generalisation across various patient datasets,
thanks to the unique learning capabilities of each classifier.
For better diagnostic results, a hybrid approach reduces the
drawbacks of individual classifiers while capitalising on
their combined strengths.

Double feature selection techniques are another significant
improvement. To determine which clinical qualities are
most useful, the framework uses Ranker, Correlation-
Based Feature Selection (CFS), the Best-First Search
method, and Gain Ratio. In order to improve learning
efficiency and decrease dataset complexity, these feature
selection strategies eliminate superfluous and unimportant
variables prior to classification. The suggested technique
improves prediction accuracy while decreasing computing
complexity via the use of optimised feature subsets.

A layered Naive Bayes processing mechanism is also
included in the suggested technique, which integrates the
results of the chosen machine learning classifiers
intelligently. The system uses a tiered decision-making
process to assess the performance of many classifiers and
include the best prediction findings, instead of blindly
accepting the prediction made by a single algorithm. When
discrepancies are found in the results of the classifiers, the
system checks them again using other optimised classifiers.
In order to enhance the overall Quality of Service (QoS),
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our intelligent verification system successfully decreases
the number of incorrect classifications.

The framework uses 10-fold cross-validation to train and
evaluate models more reliably, which improves prediction
reliability. Every patient record may take part in training
and testing thanks to this validation technique that splits
the dataset into various groups. This leads to improved
classification accuracy and a prediction model that is less
likely to overfit. When applied to patient data that has
never been seen before, cross-validation enhances model
generalisation even more.

Through optimised preprocessing and feature reduction,
the computational efficiency is further enhanced by the
hybrid framework. In order to decrease training time and
memory requirements for all machine learning algorithms,
the suggested technique eliminates extraneous clinical
characteristics before categorisation. Thanks to this
optimisation, the framework can handle massive medical
datasets with ease without compromising prediction
performance, making it a good fit for real-world healthcare
settings.

The capacity to help clinical decision-making is another
key addition of the framework. By offering accurate
assessments of cardiovascular disease risk, the suggested
prediction system acts as an intelligent decision-support
tool that helps doctors. Instead than taking the place of
doctors and other medical staff, the system may help with
early diagnosis, treatment planning, and preventative
healthcare by providing more analytical data. The use of
such intelligent aid helps to improve patient outcomes by
decreasing diagnostic mistakes.

Evaluating several classification methods under the same
feature selection criteria, the suggested framework
significantly enhances prediction consistency. Classifier
performance may vary depending on data distribution
since various datasets often display distinct statistical
properties. Instead of relying just on a single machine
learning model, the suggested hybrid method selects the
most successful classifier combinations via experimental
analysis, thereby minimising this variability.

All things considered, the suggested hybrid framework's
improved features greatly boost diagnostic reliability,
model stability, computational efficiency, and prediction
accuracy. A complete machine learning system that may
assist reliable prediction of heart illness is created by
combining HMM, ANN, SVM, Decision Tree J48,
Correlation-Based Feature Selection (CFS), Gain Ratio,
and layered Naive Bayes processing. While maintaining
the original technological technique of the study, these
modifications help with early illness detection, clinical
decision-making, QoS, and healthcare management.
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VI. RESULTS AND DISCUSSION

We compared the prediction performance of the suggested
hybrid machine learning framework to that of other
traditional classification techniques to see how successful
it was. This experimental study used the heart disease
dataset from the University of California, Irvine, to train
and assess several machine learning algorithms in a
controlled environment. To enhance prediction accuracy
and overall QoS, the suggested approach integrates a
layered Naive Bayes processing mechanism, Decision Tree
J48, Gain Ratio, Artificial Neural Network (ANN),
Support Vector Machine (SVM), Hidden Markov Model
(HMM), and Correlation-Based Feature Selection (CFS).
Optimal feature selection and multiple classification
algorithms considerably improve diagnostic performance
when compared to individual learning procedures,
according to the experimental results.

Before classification, the acquired dataset on heart disease
was preprocessed to eliminate missing data and improve
the feature space. We optimised features utilising Ranker
mechanism and Correlation-Based Feature Selection (CFS)
using the Best-First Search approach. By using these
methods, we were able to remove unnecessary
characteristics without compromising the clinically
important data needed for illness prediction. We next
trained and evaluated four separate machine learning
algorithms—Decision Tree J48, Support Vector Machine
(SVM), Hidden Markov Model (HMM), and Artificial
Neural Network (ANN)—using the tuned dataset.

To find out how well each classifier predicted using
various feature selection procedures, we ran separate
evaluations of each. Every method showed different
strengths based on the feature subset that was chosen, as
seen in the experimental comparison. When it came to
complicated clinical data, Artificial Neural Networks had
excellent nonlinear learning skills, and Hidden Markov
Model was great at capturing probabilistic correlations
among medical observations. For high-dimensional
datasets, assistance Vector Machine reliably generated
classification boundaries, while Decision Tree J48
provided interpretable classification rules that were well-
suited for healthcare decision assistance. The need for an
integrated hybrid learning architecture was justified since,
despite these benefits, no single classifier consistently
attained the maximum prediction accuracy across all
experimental situations.

The most appropriate classifier combinations were chosen
and incorporated using a layered Naive Bayes processing
mechanism in the suggested hybrid approach after the
independent assessment. The architecture cleverly
integrated the results of several classifiers to enhance
diagnostic  consistency, rather than depending on
predictions produced by a single learning algorithm. The
suggested approach reduced false prediction rates and
increased overall reliability by re-evaluating classification
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using other optimised classifiers whenever disputes among
classifier predictions occurred.

It is evident from the comparative experimental findings
that the suggested hybrid framework is successful. Figure 4
shows a comparison of the suggested technique to
individual classification algorithms under various feature
selection approaches, whereas Figure 3 shows the
constructed prediction model. When measured separately,
the suggested technique routinely outperforms Hidden
Markov Model, Artificial Neural Network, Support Vector
Machine, and Decision Tree J48 in terms of prediction
accuracy, as shown in the visual comparison.

Outperforming the previously published HRLFM
algorithm, which obtained an accuracy of 88.4%, the
suggested hybrid framework produced an overall
prediction accuracy of 90%, according to the comparison
study. This enhancement proves that combining multilayer
decision processing, optimised feature selection methods,
and several machine learning classifiers is successful. The
suggested technique effectively reduces classification
errors and improves diagnostic reliability for the prediction
of heart disease, as shown by the increased prediction
accuracy.
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