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Abstract

Background: According to the Indian Heart Association, by 2030 the mortality rate due to heart
disease especially in coma patients are likely to be increase by 2.3 crore. Therefore there is
demand to adapt the new intelligent techniques to help these patients.

Methods: In our proposed system the Monetization of the Coma Patient (MCP) and prediction of
the Heart attack of a patient is going to be forecasted. We used used the hybrid machine learning
techniques namely the clustering algorithm (K-Means and classifications (Naive Bayes, SVM,
Voted Perceptron and Naive Bayes) algorithms to evaluate and recognize the best appropriate
model.

Findings: The accuracy of algorithms (89.3%, 65.83%, and 59.83%) of the above machine
learning techniques were analyzed and compared respectively. The performance of Naive Bayes is
the best among the other models, hence Naive Bayes is the most efficient model.

Novelty and Applications: The hybrid system is built using Naive Bayes and k-means, which
improves the response time along with accuracy for MCP and prediction of the Heart attack.
Conclusion and Future Scope: The machine learning algorithms such as Decision tree, logistic
regression models or artificial neural networks combining multiple algorithms may also help to
increase the accuracy of the tool against the models presented in this study. On the whole, IOT and
Machine learning adds a new dimension to health and patient care with remote monitor and
predicting heart attack.
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1. Introduction
Coma is not a permanent condition and patients who die unconscious begin to wake up

within a few weeks and some patients may open their eyes and show limited movement without
waking up or experiencing mental retardation. The term for this condition is a continuous sleep
condition and these patients can live for decades without mental improvement and the patient is in
a coma due to a heart attack, a single cause of hypoxic-ischemic coma, a symptomatic condition,
all leading to brain tissue damage due to malnutrition. Cardiac arrest causes cerebral blood flow,
resulting in loss of consciousness within 6 seconds. This system can best contribute by conducting
several careful neurological tests over time and using available records, giving the patient's family
the best possible information about his or her chance of heart attack. In the current situation, the
corona virus has made its presence felt, leaving tragic consequences behind. One of them is an
increase in the incidence of a heart attack. That is because people are afraid and do not want to
leave their homes. They would do anything to prevent him from going to the hospital. Reuters [23]
has made a study that COVID-19 increases patients' risk of heart attack and stroke. Further he
identified, people are more likely to die from a heart attack during the pandemic, and they will not
be hospitalized after experiencing symptoms. Therefore, Olutosin Taiwo [5] developed a patient
monitoring program during the COVID period.

Also, according to a study by the World Health Organization SEARO heart disease is
becoming the most common disease worldwide due to our lifestyle. Heart attack can cause sudden
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death in humans. This is why many organizations are researching predictors of heart disease
before an attack. Many gadgets have come to analyze our heart rate. But all of this research is not
enough to deal with the current situation. Finding a major problem in medical-related research
Coma patients is a state of unconscious body. Those patients cannot respond to nature but survive.
We need to follow their body movements, heart rate, etc. Visiting patients is very expensive
because doctors need to monitor at different times, which is a big problem for hospitals and patient
caregivers. We need to focus on this part of the research and so in our paper we are exploring the
concept of IoT that we can monitor patient body movements and heart rate in our web systems. In
our work, we have used IoT and machine learning algorithms that provide the most accurate
results for patients. In particular, the machine learning environment of materials to define
humanitarian services is ambient intelligence, especially when dealing with the health care of
recipients in critical situations.

This model is defined based on the IoT to minimize the process of staff and physicians
working to evaluate approved patients during emergencies. Improved health monitoring systems to
date only care for the sensory part of the sensory values and display them on their appropriate
handling page. There must be someone to monitor the patients and take care of their condition.
Ongoing values from sensors and monitoring real-time data is one of the most difficult tasks.
People are always meant to make mistakes, so if the focus of the caregiver's mind changes,
misbehavior can occur. We used IoT and machine learning that provide the most accurate results
for patients' monetization and predict heart attack whether or not a patient will have a heart attack.

We present an approach to solve the monitoring of coma patients using IoT and machine
learning techniques. In chapter two we have describe the related work in this domains. Third
chapter describe the proposed system architecture Fourth chapter shows the experiment results and
chapter five shows the conclusion and future works.

2. Literature Survey

Improving the prediction of heart attack and monitoring the patient has attracted more
and more research in recent years. Although many authors [6], [14]–[18], [21], [22] have used machine
learning techniques for different domains like health, identifying similarity pair, etc. However,
Adam and Parveen [16] discusses the different causes of prediction of a heart attack and suggest
many challenges in their study. The patients’ health monitoring and prediction of heart attack were
analyzed by Shiva Priya S [3]. To solve the problems of a health monitoring system has come up
with a system that checks the patient conditions. The previous works [15][16] have focused on
predicting a heart attack using data mining techniques and decision support systems along with
various other techniques. Dahila Sam et al. [1] have developed a system of health data testing that
provides a specific prescription based on the patient's condition in time and sent an e-mail and
SMS warning if any health limitations increase. Prajoona Valsalan et al. [2], designed a continuous
diagnostic and monitoring tool for patient status an authorized person can access this data using
any IoT platforms based on these diagnostic values obtained by remote physicians. Siva Priya S et
al. [3], study the IoT approach to a health monitoring system, by involving the nerves in which they
sense body temperature and heart rate and by informing the patient or the patient's staff about the
patient's condition. This system uses the KNN algorithm to predict the patient's condition and to
prevent them from entering a critical condition. Shiva Rama Krishnan et al. [4] has proposed a
system to use Patient Health Monitoring that uses sensory technology and uses the internet to
communicate with loved ones in case of problems. In case of a rapid change in the patient's
heartbeat or body temperature, a notification is sent to the patient using IoT. The system also
shows patient temperature and heart rate followed by live data within the time. Olutosin Taiwo and
Abasalom E Ezugwu [5], proposed a system of monitoring the patient's health and obtaining a
prescription from the home and the doctor could make a diagnosis according to the data collected
on the patient's condition. The android-based mobile app is used for real-time communication
between patient and doctor. Huaijun wang et al. [6], has developed a deep learning approach that
recognizes tasks and transformation b / w 2 different short-term and long-term health care
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applications. First, build deep convolutional neural networks to extract data collected from the
nerves. Then LSTM is used to take long-term between 2 actions based on dependencies to
improve the level of HAR identification. Uma N Dulhare [7], demonstrated a system which predicts
heart attack and selects the most optimum features in the heart attack datasets. Feiroz Khan et al.
[8], has designed a system that monitors the patient's health status such as heart rate record,
temperature, heart rate. If these standards are outside the normal range the phone notifies doctors
or interested persons or staff. It will help save the patient's life. Alshorman et.al [9], introduced a
wireless diagnostic system for patients using a pulse oximeter. A sophisticated SMS alarm is then
sent to hospitals to call a patient or send an ambulance in case they do not respond. SMS contains
patient GPS coordinates. The decision to send a scary SMS is based on the Qatar Early Warning
Scoring (QEWS) system. In this work, the basic channel unit for receiving and analyzing sensory
data was developed and evaluated. Haipeng Liu et al. [10], developed Automatic respiratory
monitoring devices that urgently need to improve RR monitoring in clinics, a number of automatic
RR monitoring methods have been proposed based on the different approaches. This review is
intended to provide an overview of the emerging technology common emerging RR automation
monitoring methods. Mohammed Al-Khafajiy et.al [11] focused on tracking a person's
physiological data to detect certain disorders that may be helpful in early Interventions. This is
achieved by accurately analyzing and analyzing the sensory data obtained while transmitting
disruption to the appropriate function. The findings suggest that the system may improve clinical
decision support while facilitating Pre-Intervention Procedures. Harshad Narayan and Rijhi Dey
[12] have developed a Heart Rate Monitoring and Detection System that allows you to monitor a
person's heartbeat. Heartbeat is a very important health parameter because it has been used to
determine the health of the patient's cardiovascular system. The designed IoT system is integrated
with the heart rate monitor and automatically updates the patient's heartbeat. S Ananth et al. [13],
developed a system of patient solutions that can be met with wearable gadgets that continuously
monitor the patient's work and condition in a predictable manner. This function is to provide better
research in sensing data, analyze data, and provide feedback to patients based on different health
parameters.

Vincy Cherian and Bindu M.S [14], proposed a system that is comparing only the number
of attributes used in existing datasets. Ms. Ashwini [15] developed a patient monitoring system at
any time using the Internet. The function of this system is to measure biological systems of the
patient's body such as temperature, heart rate, blood pressure, through nerves and the nerves will
sense body temperature, heart rate, and blood pressure and send values. All information about the
patient's health will be stored in the cloud, enabling physicians to monitor the patient's health,
while the physician can continue to monitor the patient's condition on his or her smartphone.
Pattekari and Parveen [16] built the Intelligent System using a data mining model, a web-based
application for this user that responds to the predictions. It can answer complex questions to
diagnose heart disease and thus help health professionals to make wise clinical decisions.

Palaniappan and Rafiah [17] developed a system that created large amounts of data in
various forms but this data is rarely visited and remains unused. So, in this case, more effort is
needed to make wise decisions. Diagnosis of this disease using different features or symptoms is a
complex task. Sahana and Ambika [18] designed a system that uses a data modeling method,
namely, the Naive Bayes. Used as a web-based application based on user responses, it can detect
and extract hidden information related to heart disease from the historical heart attack website.
Karishma Abhishek [19] made an article showing that Corona virus increases the risk of heart
attack that a large number of people recovering from COVID-19 have heart damage caused by the
virus due to inflammation. Megan Brooks [20] discovered that people having a heart attack and
heart stroke are affected in corona. A Reuters [21] study that COVID-19 increases patients' risk of
heart attack and stroke, suggests a Swedish study comparing the average patient with a corona.
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Table 1. Comparison of different algorithms and their existing gaps

Author names and
Ref no.

Algorithm/

Techniques

Datasets Existing Gap

Dahila Sam et al.[1] IOT, Sensors Patient
real-time data

Only monitor the patient condition.

Prajoona Valsalan et
al.[2]

IOT, Sensors Patient
real-time

sensors Data

Only IOT based project. No ML
used.

Siva Priya S et al.[3] IOT, Machine
learning, KNN

Patient heart
attack data

The time interpreted for training is
not considered.

Dr. Shiva Rama
Krishnan et al.[4]

IOT, sensors Sensors
data(Heartbeat,
temperature )

This study is required more
algorithms to testing the data.

Olutosin Taiwo and
Abasalom E
Ezugwu[5]

IOT, HAC, Sensors Patient real
time data Less storage and it required more

detailed analysis.

Huaijun Wang et
al.[6]

CNN and LSTM,
Deep Learning

Techniques

Sensor Data Not satisfactory for more attributes.

Uma N Dulhare[7] Particle Swarm
Optimization and

Naive Bayes

Heart Disease Accuracy is less.

Mr. T.H Feiroz Khan
et a.[8]

IOT, Sensors Sensors Data Not satisfactory for smaller
datasets.

Alshorman et al.[9] IOT, Sensors, Qatar
Early Warning

Scoring (QEWS)
system

Patient real
time Data

It is sensing only limited attributes.

Haipeng Liu[10] IOT, Sensors Patient
real-time Data

Only provide a technical overview
of mainstream emerging methods of

automatic RR monitoring.
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Mohammed
Al-khafajiy et al.[11]

IOT, Sensors Sensors, Data No MLs techniques are used.

Harshad Narayan and
Rijhi Dey[12]

IOT, Sensors Patient
real-time data

To monitor the heartbeat of a person
in real-time and it has to determine

the health of the cardiovascular
system of the patient. The system
designed to detect only heartbeat.

S Ananth et al.[13] IOT, Sensors Patient
real-time

sensors data

Accuracy is less.

Vincy Cherian and
Bindu M.S[14]

Data Mining, Laplace
Smoothing Technique

and Naive Bayes

Heart Disease Only comparing the Number of
medical attributes.

Ms. Ashwini[15] IOT, Sensors(Body
temperature,

Heartbeat, Blood
pressure)

Sensors Data Does not support large amount of
data.

Shadab Adam
Pattekari[16]

Data Mining, Naive
Bayes

Heart Disease It is using one algorithm and does
not compare with existing system.

Sellappan
Palaniappan and

Rafiah Awang[17]

Data Mining Heart Disease The implemented model has
comparatively lower accuracy.

Sahana Devanathan
and Ambika R[18]

Data Mining, Naive
Bayes

Heart Disease Does not compare with existing
system.

3. Proposed Method

Generally, existing patient records have several records, for this reason, we need to cluster the data
before analyzing the data. For clustering the data we are using K-Means to analyze the ranges of
the data. After clustering the data we are using Naive Bayes algorithm to predict the heart attack
symptoms. Here, we are proposing the Monetization of Coma Patient (MCP) using advanced
medical embedded components and machine learning algorithm. By taking advantage of Machine
Learning (ML) we can train the existing patient records and predict the results. In our research, we
are integrating the ML concepts with advanced medical embedded sensors, by this way we can
achieve predictions in a more real-time way with below following objectives:

● To integrate all the sensors with a microprocessor for easy monitoring the coma patients
based on various attributes and to display the result and send alerts if that person is
having any movement in his body.

● To design the hybrid machine learning algorithms (k-means & naive bayes) to improve
the future prediction efficiency using existing patient data whether the patient is going
to get heart attack or not.
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3.1 Sensors Requirements

The main objective is to monetization of coma patient and determine whether the patient is going
to get heart attack or not, thereby finding quality solution for prediction and monetization. Various
sensors namely the Arduino micro controller, Heartbeat, DHT11 temperature and humidity, MPU
6050, IR sensor, keypad, Slide Switch, GSM module, Flex sensor used to monitor coma patient
and if there is a body movement occurs a notification of the message to the caregivers. The
hardware architecture for analyzing the proposed system is shown in Figure 1. It shows that
system integrating all the sensors with a micro-controller to receiving patient records.

Figure 1. Functioning of the proposed model

All the sensors integrating with a microprocessor to monitor the coma patient based on
various attributes and send alert if that patient is having any body movement in his/her body.

Figure 2. Proposed hybrid system architecture
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We used hybrid machine learning algorithms to predict the heart failure of a coma patient.
The recommended proposed hybrid system architecture for monetization of coma patient is shown
in Figure 2. First data is collected from Kaggle, it is then analyzed and pre-processed. Model is
built using the historical dataset. After that the data received from the sensors and then Naive
Bayes algorithm is used to predict the heart failure of the coma patient. In this system, we used
mainly clustering the attributes. As we take about 10 attributes such as age, gender, cholesterol,
smoker, heart rate, blood pressure, chest pain, blood sugar and disease outcomes. These attributes
are aggregated using the K-Means clustering algorithm.

4. Experimental Results

The machine learning algorithms were used to identify frequently patient data with
different attributes The results obtained by each of the models are compared to identify the model
which gives maximum accuracy in a minimum amount of time. First data is collected from
Kaggle, it is then analyzed and pre-processed. The obtained data is pre-processed using K-Means.
K-means is done by using Euclidean distance.

………………………………………………. (1)𝐷
𝑒

=
𝑖=1

𝑛

∑ 𝑥
𝑖

−  𝑦
𝑖( )2

Then, the obtained datasets is trained using different classification algorithms. The results
obtained are stored in the database. From the existing datasets with the real-time sensors data were
trained based on the frequent data it gives result. In our experiment, we found that naive bayes
gives the best accuracy, there we have selected Naive Bayes classifiers for heart attack prediction
for coma patients. Naive Bayes classifiers are a family of simple probabilistic classifiers based on
using Bayes theorem with strong (naive Bayes) independence assumptions between the features.

The Naive Bayes for a data D and a class C, means P(C/D), as shown in formula (2) was used to
calculate posterior probability.

………………………………………………………(2)𝑃 𝐷( ) = 𝑃 𝐶( )𝑃 𝐶( )
𝑃 𝐶( )

To compute the accuracy, precision and recall, as shown in formula (3), (4) & (5) respectively for
each of the adopted machine learning models.

Accuracy = …………………………………………………...(3)𝑇𝑁+𝑇𝑃
𝑇𝑁+𝐹𝑃+𝑇𝑃+𝐹𝑁

Precision = ……………………………………………………………(4)𝑇𝑃
𝑇𝑃+𝐹𝑃

Recall = ………………………………………………………………(5)𝑇𝑃
𝑇𝑃+𝐹𝑁

The same accuracy yields different values for each of the specified different models as
each of them have a unique implementation based on their specific algorithm. To test the
predictable performance of machine learning algorithms true positive (TP), true negative (TN)
variables, false positive (FP), and false-negative (FN) are shown in Table 2.

Table 2. Confusion matrix for different machine learning algorithms

Algorithms TP TN FP FN
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Naive
Bayes 180 356 3 61

Voted
Perceptron 118 274 85 123

SVM 0 359 0 241

According to the Table 2, the TP and TN values are different for all the models. However
the Naive Bayes gives positive values as 180 and actual predicted value is 356 which is best for all
the accuracy results. The value for the implementation of Voted Perceptron is gives intermediate
value and SVM gives 0 positive values, from this table 2 we can predict which can give more
accuracy.

Table 3. Performance of different machine learning algorithms

Algorithm
s

TP
Rate

FP
Rate

Precision Recall F-Measur
e

MCC ROC
Area

PRC
Area

Naive Bayes 0.893 0.155 0.906 0.893 0.890 0.786 0.907 0.922

Voted
Perceptron

0.653 0.400 0.646 0.653 0.647 0.262 0.694 0.651

SVM 0.598 0.598 - 0.598 - - 0.500 0.519

As shown in Table 3, the Naive Bayes performs best across all performance measures all
the performance of models.

4.1 Naive Bayes

It is evident that the true positive value is the highest for Naive Bayes when compared to
all the previous models. The accuracy for Naive is found to be 89.33 % which is the best among
other algorithms. Above accuracy were compare with other algorithms by keeping only 8
attributes from the kaggle dataset. However, we also experimented with 10 attributes (Age,
Gender, CP, Bps, Chol, BS, Ch, Smoking, Disease, Heart palpitations) and evaluation performance
can be compare in the Table 4.

Table 4. Experiments with Naive Bayes with 8 and 10 attributes

Attributes Accuracy
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8 89.33%

10 78.83%

4.2.  Voted Perceptron

Table 3 elaborates the matrices obtained for the classification model. The confusion
matrix demonstrates that the maximum value is obtained for True Negative (i.e. the actual value is
No and the predicted value is yes). Therefore, this model has a comparatively better performance.
The accuracy acquired for the classification model is 65.83 which is lesser than that obtained for
the classification model. Thus, Voted Perceptron gives better accuracy and efficiency than the
SVM model.

4.2.  SVM

Table 3 shows the confusion matrix, precision matrix and recall matrix for the linear
SVM model. The confusion matrix confirms that true positive has the lowest value at 0. The
accuracy obtained for the SVM model is 59.83 which is smaller than the accuracy acquired for the
classification. Thus, this model is better in comparison to another model while it is not as good as
the classification of this particular datasets. As shown in Table 3, the Naive Bayes performs best
across all performance measures. The Voted Perceptron and SVM has low performance compared
to the Naive Bayes. However, in some cases differences in performance across the models are
small.

Figure 3. Comparison of different machine learning algorithms

Among the three machine learning algorithms, from Table 3 it can be clearly stated that
SVM performs slightly less in terms of accuracy, whereas Naive Bayes and Voted Perceptron
performs with an accuracy of 65.83 and 89.33%. However, Naive Bayes and Voted Perceptron
varies in speed (as shown in Figure 3) concluding that Naive Bayes is the best in real time
application for a large data.

5. Conclusion & Future Scope
The work used the Internet of Things to monitor a patient's unconscious condition and if

the patient is moving a message going to the patient-caregiver and also two algorithms used to
predict patient’s heart attack to determine if a patient will have a heart attack or not based on
various factors. The two models presented in this study are comparatively productive, and in some
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cases improve performance compared to the models presented in other studies. Another benefit of
using a model developed here is that it can help improve patient monitoring and prognosis of heart
attacks [16] [17] in hospitals. After execution, the error parameter referred from the accuracy for
the Voted perceptron, SVM and Naive Bayes are obtained to be 65.83, 59.83 and 89.33. The use of
a redesign of a patient observation system that allows for patient identification outside of clinical
settings and helps increase access to medical facilities and reduces the cost of operating public
insurance.

Future Scope- In the future the same approach could be applied to a variety of other
health care systems that predict better outcomes and test the accuracy of additional machine
learning processes such as random CNN algorithms including multiple algorithms that can also
help increase accuracy of a tool that contradicts the models presented in this study. Overall, IoT
and machine learning add a new dimension to patient health and care through remote monitoring.
Therefore, the system is guaranteed to be simple, robust, and realistic to use for a prosperous
future in the healthcare sector.
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