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Abstract: Cardiovascular diseases are one of the most common causes of death worldwide, and it
often occurs very suddenly without any chance for medical intervention. These kind of scenarios
can be mitigated by proactive monitoring. The current cardiac monitoring solutions for Cardiac IoT
groups are typically limited to a set of parameters to be tracked, which fails in integrating Al and
often requires physical presence during health data tracking while most patients prefer being
checked from their homes so that they can avoid the hospital environment especially during global
pandemics like COVID-19. Currently, in Pakistan there is no AloT (Artificial Intelligence of Things)
integrated system for a real time cardiac monitoring. This study introduce AloT-enabled Cardiac
Healthcare Monitoring System, intended for real-time monitoring remotely of vital cardiac
parameters. It uses Heart Rate (HR), Oxygen Saturation (SpO.), Body Temperature and Blood
Pressure as key parameters along with presence of a Electrocardiogram signal to provide intelligent
monitoring and predictive capabilities. Furthermore, the system generates alerts for anomalous
readings and sends data on a cloud server so doctors can access patient history anywhere in the
world — ensuring timely medical intervention and cost-effectively enabling healthcare delivery to
vulnerable populations far from urban hospitals.
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1. Introduction

Cardiovascular diseases (CVDs) are a broad category of heart and blood vessel conditions that
constitute the primary cause of death globally. The World Health Organization (WHO) projected that 17.9
million fatalities worldwide were expected to be caused by cardiovascular illnesses in 2021 [1]. Arrhythmia
is primarily responsible for erratic heartbeats and cardiac arrest [2]. Bradycardia, tachycardia, and
premature heartbeat are three specific subtypes of this illness, each with a unique etiology. According to
the WHO's most recent statistics, arrhythmia accounts for at least 15% of instances when the major cause
of death is identified. Cardiovascular illnesses are to blame for almost 80% of all unexpected deaths [3].
Atrial fibrillation is a disorder that may result in a stroke. Cardiac arrest is generally caused by blood vessel
congestion, while ventricular tachycardia is predominantly accountable for the termination of usual
cardiac activity and the subsequent rapid death. Heart patients need to be regularly looked after to ensure
prompt medical attention in the event of an emergency. The existing methods of cardiac monitoring have
many shortcomings. These include dis-integrated sensors, long wait times, expensive costs, and the
challenges faced by elderly people who have to travel far to access medical services [4] [5]. The use of IoT
technology in healthcare is one promising solution to these issues. The potential for the Internet of Things
(IoT) to revolutionize cardiac care is that it can provide low- cost, round-the-clock patient monitoring.
Recently, there has been a lot of buzz in the cardiac healthcare industry about AloT-based systems. AloT
allows for the monitoring, analysis, processing, and control of vital signs such as temperature, blood
pressure, oxygen saturation (5pO2), heart rate, and electrocardiogram (ECG) [6]. By using an AloT-based
cardiac healthcare monitoring system, it is feasible to enhance the delivery of cardiovascular care. Cardiac
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patients may see improvements in areas such as long wait times, expensive medications, and the need for
rapid treatment during crises as a result of the expansion of AloT applications in healthcare. Intelligent
and integrated cardiac healthcare monitoring systems are desirable, but can be difficult to implement in
countries with inadequate infrastructure and resources, such as Pakistan [7] [8]. The lack of a
comprehensive system that considers all of the essential and crucial cardiac metrics is a result of the limited
scope of earlier research [15] [16] [17]. Additionally, the current study does not have a mechanism to
continually monitor patients in real-time and notify family members of any abnormal patient conditions

[20] [46] [18].
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Figure 1. IoT-based Healthcare Architecture
In this paper, our objective is to propose a research idea based on AloT aided cardiac healthcare
monitoring system that must consist of the following:
- A single and integrated solution kit based on the IoT kit for cardiac healthcare monitoring.
- An integrated solution for cardiac patients with the combination of all the necessary vital cardiac
parameters (HR, BP, Temperature, SpO2, ECG).
- An intelligent and integrated solution based on Al techniques for efficient monitoring and prediction of
cardiovascular ailments.
- A cloud-based remote solution for continuous faraway patient monitoring with an added functionality
of alarm generation or warnings if a patient’s condition is found abnormal.
- The proposition of an all-in-one solution for heart patients in Pakistan has not been proposed before.
Section II elaborates on the literature review from 2016 to 2023. The suggested system as a proposed
solution for the implementation of an AloT-based cardiac system is discussed in Section III. The conclusion
is mentioned in Section IV.

2. Literature Review

Our research on AloT-based cardiac healthcare monitoring has been extensively studied from 2016 to
2023. Studies have been organized into three main categories: dis-integrated sensors, integrated sensor
solutions, and Al-based approaches. Each approach has focused on distinct cardiac metrics. Following this
literature survey is the critical review that follows:

2.1. Dis-integrated Cardiac Systems using IoT

The research study of 2016 suggested an IoT system for round-the-clock patient monitoring. Dis-
integrated sensors, such as the MCP9700 heart rate and temperature sensor used to collect patient sensory
data [7].

The research proposed in 2017 [9] was consisted of an IoT kit with a dependable alarm system for
cardiac patients. The KY-039 heartbeat monitoring sensor and the 18DS20 body temperature sensor are
two dis-integrated sensors that are used in this IoT kit. The Liquid Crystal Display (LCD) panel shows the
data from the human body to a setup that contains a micro controller. This system’s three-tier Wireless
Body Sensor Network (WBSN) design was used to monitor cardiac patients’ vitals in 2018 [10].

In the first level, data is composed of the patient’s distributed sensors (heart rate, MAX30100, and
temperature) using an Arduino Nano board. The sensor information is directed to a Tier 2 server using the
Hyper Text Transfer Protocol (HTTP) protocol and a Wi-Fi ESP8266 module. Tier 2 also processes, stores,
and interfaces with sensory data. The third tier of notifications is where medical crises are notified. This
research published in 2019 [11] developed an IoT kit to detect heart strokes employing heart rate sensors.
A temperature sensor (18DS20) and a distributed heart rate sensor collect data from the patient’s body and
feed it into the system. The Light Emitting Diode (LED) is used to perceive the patient’s pulse rate when
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they place their finger on a pulse rate sensor. In the study 2020 [12], a method for detecting heart attacks
was developed using sensory modules. Distributed sensors, such as temperature and blood pressure
monitors, are used to build an Internet of Things (IoT) kit. Another study presented in 2020 [13] proposes
a dis-integrated IoT kit for health monitoring. The AD8232 electrocardiogram module, temperature sensors
from the LMB35 series, pressure sensors from the MPX10 series, and a pulse sensor are all part of the
recommended Internet of Things (IoT) package. According to research published in 2021 [14], some of the
most crucial physical metrics’ to track with distributed sensors are body temperature, BP, pulse rate,
glucose level, and oxygen values. The goal of this study [48] is to enhance the quality of life of patients by
using physiological parameter measures, such as body temperature and systolic and diastolic blood
pressure, to provide real-time insight into their condition in 2021.

The basic idea is to keep an eye on patients’ vital signs—blood pressure, heart rate, and body
temperature —without making them move between institutions, ensuring that their health is always being
observed. The data acquired by the temperature and blood pressure sensors is analyzed and then stored
in the cloud so that the patient’s caretakers may see it from any location and respond appropriately in the
event of an alert. The research [55] suggested a dispersed Medical IoT kit equipped with all the necessary
cardiac metrics. To minimize the frequency of catastrophic incidents, the system likewise comprises a
mobile app for remote patient monitoring and an alarm notification that allows qualified medical
professionals to intervene promptly without implementing any Al algorithm.

2.2. Integrated Cardiac Systems using IoT

In this study of 2016 [15] wearable combined band and Android phone app established the backbone
of the IoT setup for heart patients. The patient’s vitals are tracked using a band that resembles a wristwatch
and records cardiac, pulmonary, and blood pressure readings. Once the human body supplies input
values, the information is sent to a mobile via Wireless LAN (WLAN) or Bluetooth protocol. The objective
of the research in 2018 [10] is to develop and organize a fitness- checking system for patients with cardiac
problems. This system will make use of the MAX30100 integrated sensor to record vital signs, especially
those associated with heart problems, such as heart rate and oxygen saturation. The goal of the study
presented in 2018 [29] is to develop an IoT system that can foresee individual cardiac arrests, which is
different from current eHealth-based IoT systems since it integrates its sensing and communication
components inherently. Using GPS-guided navigation, the research in 2019 [33] created a smart handset
app to assist heart patient in exercising securely and joyfully on scenic directions or ways in their area.
They examined the effectiveness of the mobile app on 14 heart patients throughout a four-week field study.
As per study, cardiac patients may reach the recommended weekly physical activity level, like cycling with
the application, and are more likely to embark on longer motorbike outings.

2.3. AI/ML-based Cardiac Systems

The research study of 2016 [19] proposed a smooth IoT system to forecast cardiac ailment using a
decision tree. While the research publication presented in 2019 established an IoT-based healthcare system
using Neural Networks [34]. On the other hand, the research publications of 2019 [35] [36], and 2020 [37]
[39] presented an loT-based solution for cardiac patients using various ML techniques such as Pan
Tompkins QRS detection, CNN, and SVM. Another research of 2020 [5] used the KNN algorithm for the
classification of arrhythmia. The other article of 2020 [42] and the further studies of 2021 [46] [47] use Al
techniques such as Deep Neural Networks, Long Short-Term Memory (LSTM), and Deep Belief Networks
(DBN). The research published in 2022 [54] also used an Al technique Bi-LSTM (bidirectional long short-
term memory for IoT-aided cardiac patient observation.

2.4. Critical Analysis

In 2016, only one system was determined to function as an integrated system; however, that research
only dealt with two cardiac parameters (HR, BP). Similarly, only one research has worked on cardiac arrest
using the ML technique in 2016. There is also a lack of research from 2017 and 2018 that utilizes Al or ML
to address all five cardiac metrics. Except for two studies, all of the researchers who conducted their
analyses in 2017 and 2018 used Dis-integrated IoT kits to monitor cardiac patients. Moreover, integrated
kits were the focus of these two researches [10] [29]. Three researchers have used Al or ML approaches,
such as CNN, PT-QRS, to apply cardiac solutions for patients with heart problems in 2019. However, 2019
has not produced a single research that covers every critical aspect of a cardiac patient’s condition.
However, in 2019, just one publication suggested an integrated solution. In 2020, four research were
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discovered that used Al or ML algorithms, such as TSVM, SVM, KNN, DHCAF, and MCHCNN, to
construct an IoT-based cardiac solution. However, these studies did not address all the critical factors of
cardiac patients with an integrated solution. Only one study focused on five essential cardiac parameters
in 2020, and it did not provide a comprehensive solution using an AloT algorithm. Two researches from
2021 used Al approaches, such as DNN and LTSM-DBN, for the monitoring and analysis of cardiac
parameters; however, these investigations were dispersed and did not cover all cardio indications. One
project was put into practice in 2022 to use Al to help cardiac patients. In 2022, there were only a few
cardiac implementations that addressed a portion of heart patients’ vital signs. There is only be one
research conducted in 2023 that uses Al algorithms like Bi-LTSM to monitor cardiac patients’ health via
the Internet of Things. Every research found in 2023 focused on dispersed kit development. One study
examines the five cardiac parameters of heart patients, however it does not provide an AloT-based
solution. Only 2 Pakistani studies provide IoT-based heart patient solutions. However, they do not cover
all cardiovascular parametric values with Al aspect. In short, currently no AloT-based solution for cardiac
patients is present in Pakistan that can handle all of the critical parameters and provide an integrated
solution.

Table 1. Summary of Research Studies

Volume 08 Issue 01

Year

Metrics

Name of Cardiac

Solution Type

Use of AI/ML

Nation

Metrics
2016 [7] Two Temp, PR Dis-integrated No UAE
2016 [15] Two HR, BP Integrated No India
2016 [16] Only one PR Dis-integrated No India
2016 [19] Only one ECG Dis-integrated DT Greece
2017 [8] Four ECG, BP, PR, SpO2 Dis-integrated No China
2017 [20]  Only one PR Dis-integrated No India
2017 [9] Two PR, Temp Dis-integrated No India
2017 [21] Two BP, PR Dis-integrated No India
2017[22]  Four ECG, BPI;I’QTemp’ Dis-integrated No India
2017 [23]  Only one ECG Dis-integrated No USA
2018 [10] Two SpO2, HR Integrated No India
2018 [24]  Only one PR Dis-integrated No India
2018 [25]  Only one PR Dis-integrated No India
2018 [26] Two ECG, PR Dis-integrated No India
2018 [27] Three ECG, PR, S5pO2 Dis-integrated No India
2018 [28] Three Temp, BP, HR Dis-integrated No India
2018 [29] Three ECG, BP, SpO2 Integrated No USA
2019 [11] Two Temp, HR Dis-integrated No India
2019 [19] Three ECG, Temp, PR Dis-integrated No USA
2019 [30] Two Temp, HR Dis-integrated No India
2019 [31]  Only one ECG Dis-integrated No India
2019 [32] Two ECG, PR Dis-integrated No USA
2019 [33] Two BP, HR Integrated No India
2019[34]  Three ECG, BP, HR Dis-integrated NN B;‘Zia
2019 [35]  Only one ECG Dis-integrated PTQRS India
2019[36] Only one ECG Dis-integrated CNN Taiwan
2020[37] Only one ECG Dis-integrated TSVM India
2020 [12] Three Temp, BP, HR Dis-integrated No India
2020 [38]  Only one HR Dis-integrated No India
2020[13]  Five EC?&T;?OP’ZBP’ Dis-integrated No India
2020[39] Only one ECG Dis-integrated No India
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2020 [40] Two ECG, HR Dis-integrated SVM a
R
2020 [41] Two ECG, Temp Dis-integrated No oirgan
L. DHCAF, Austral
2020 [42] Only one ECG Dis-integrated MCHCNN a
herl
2020 [4]  Only one ECG Dis-integrated No Naertl di,r
2020 [5] Two ECG, HR Dis-integrated KNN Iran
2021 [43] Two BP, Heart Rate Dis-integrated No Iran
1
2021 [44] Only ECG Dis-integrated No India
eone
2021 [45] Only one ECG Dis-integrated No Taiwan
2021 [46] Only one ECG Dis-integrated DNN China
2021 [47] Three ECG, PR, 5pO2 Dis-integrated LTSM-DBN Iran
2021 [48] Only one ECG Dis-integrated No India
2022 [49] Three SPO2, Temp, PR Dis-integrated No India
2022 [50] Three BP, HR, ECG Dis-integrated Bi-LTSM India
2022 [51]  Only one ECG Dis-integrated No Italy
HR, E BP Pakist
2023[52]  Four - ECG, BP, Dis-integrated CNN axista
Temp n
2023 [53] Four ECG, BP, HR SpO2 Dis-integrated LTSM, RNN India
2023 [54] Two HR, SpO2 Dis-integrated No Korea
2023[55]  Five ECG, BP, HR, Dis-integrated No Pakista
SpO2, Temp n

HR- Heart Rate, PR- Pulse Rate, Temp- Body Temperature, DT- Decision Tree, NN- Neural
Network, PTQRS-Pan Tompkins QRS, CNN- Convolutional Neural Network, TSVM- Tuned
Twin Support Vector machines, DHCAF- Dynamic Heartbeat Classification with Adjusted
Features, MCHCNN Multi-channel Heartbeat Convolution Neural Network, KNN- k-Nearest
Neighbor, DNN- Deep Neural Network, LSTM- Long Short-Term Memory, DBN- Deep Belief
Network, RNN- Recurrent Neural Network

3. Proposed System

Drawn The primary objectives of the Artificial Intelligence of Things-based cardiac care unit planned
in this study are the examination of real-time ECG data and the monitoring of all the factors essential for a
cardiac care system by using intelligent techniques. Among these include BP, oxygen saturation level, body
temperature, heartbeat, and ECG exploration. The AloT device addresses the greatest number of cardiac
factors and may be likened to a tiny cardiac critical care unit (CCU) with universal access. Based on these
factors, this research would significantly aid in lowering the risks of arrhythmias, myocardial infarction,
and cardiovascular disorders. The proposed idea for this research is composed of seven modules that are
illustrated in Figures 2 and 3. Our suggested modules are discussed below:
3.1. Sensory Module

The hardware sensors make up the sensory module for our system. The temperature monitoring
sensor, BP sensor, heart rate sensor, SPO2 sensor, and removable ECG examination device are some of
these sensors. The sensors must be integrated into a single component or device. A unique communication
interface is used to connect each sensing device to the microcontroller.
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Figure 3. Al Module

3.2. Controller Module

This module has a microcontroller that controls peripherals and processes data. The microcontroller
may communicate sensory data via Bluetooth, WiFi, or Zigbee protocols. Common controllers include
Arduino and Raspberry Node MCU.
3.3. Display Module

After essential processing data is transferred to the screen to display the sensor values getting from
the human body. The display module can be an LCD or monitor screen.
3.4. Cloud Server and Storage Module

This module allows the system to upload patient health reports or parametric data to a cloud server.
The data can be stored to the cloud. Doctors and family members can access patient histories on the cloud.
3.5. Mobile Application Module

The mobile app module lets doctors and family members remotely monitor cardiac patients. Any
crucial statistic may trigger an alert or notice. Using the mobile app, the doctor can review patient history
at any time.
3.6. Al Algorithmic Module

Five cardiac parameters are under consideration. An Al method is needed to predict the most common
heart problems. This Al approach requires ECG analysis and hybrid CCU parameter integration.
Therefore, by using the other crucial metrics, this unique combination will allow for the prediction of
various types of arrhythmias and the maximum number of cardiovascular illnesses (CVD). The
categorization using Al will be carried out on a cloud server. It would be more difficult to classify different
cardiovascular diseases (CVD) and arrhythmias using many loT-based data and ECG analyses. We now
suggest an intelligent deep learning (DL) approach for this all-inclusive programmed cardiac investigative
analyzer. Several deep-learning models have been published for arrhythmia identification and ECG
interpretation. These days, a broad variety of medical industries apply deep learning techniques to handle
numerous critical challenges. Furthermore, the machine learning paradigm’s success in ECG classification
is heavily reliant on QRS detectors. Due to its methodology, the DNN paradigm is best for this diagnostic
engine. Because of its accuracy and performance, the deep learning-based programmed diagnostic system
is more effective.
3.7. Alarm Generation Module
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The alarm module alerts when crises or the CCU variables exceed or fall below a threshold. After that,

an instant decision needs to be made

4. Conclusion and Future Work

This study proposes an AloT-based system for monitoring, detecting, and analyzing cardiac disorders
using intelligent approaches. The maximum number of CCU parameters should be used in combination
with integrated technology and ECG analysis. Patients in areas without access to medical facilities,
cardiologists, and hospitals might all benefit from its remote monitoring system. Patients in areas without

access to medical facilities, cardiologists, and hospitals might all benefit from its remote monitoring system.
The purpose of uploading data to a cloud server is to make it globally accessible. Additionally, using the
proper Al approach, cloud-based categorization and prediction of the maximum number of cardiovascular
ailments will be carried out. This AloT-based classification helps Cardiologists focus more of their time on

treating patients rather than diagnosing them. This system’s capabilities are increased by smart warning

or alert features. Rapid, lifesaving reactions to a patient’s critical situation concerns can made possible by

this alert system.

5. Abbreviations

Table 2. Abbreviations

Full Name Abbreviation
Artificial Neural Network ANN
Long Short-Term Memory LSTM
Amreli Steel Limited ASTL
Meezan Bank Limited MEZL
United Bank Limited UBL
Oil & Gas Development Company OGDC
Open High Low Close OHLC
Support Vector Machine SVM
Convolutional Neural Network CNN
Principal Component Analysis PCA
K-Nearest Neighbors KNN
Pakistan Stock Exchange PSX
Autoregressive Integrated Moving Average ARIMA
Gross Domestic Product GDP
Recurrent Neural Network RNN
Multi-layer Perceptron MLP
Root Mean Square Error RMSE
Mean Absolute Percentage Error MAPE
Mean Bias Error MBE
Standard & Poor's 500 Index SP500
National Stock Exchange (of India) NSE
One-Against-One OAO
One-Against-All OAA
Discounted Cumulative Gain DCG
Journal of Econometric and Statistics JEKS
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