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Abstract: In this paper an intelligent system is presented for early detection of heart attack. Now a days 

the rate of heart attack in humans has increased to great extent due to various reasons. To protect Love Ones 

one goes great lengths  but in case of health situation people are helpless and must rely on Machines and 

Health-care system, Health organization are developing cutting-edge Systems that can detect Diseases early 

as possible; but these cutting- edge systems very expensive to help every person no matter what their financial 

status is. As new System being develop, diseases starting to mutate as well which are able tolerate Vaccines 

and medicines if spread through body such as COVID-19 which mutated quickly. Many dangerous viruses 

cause lungs and heart Diseases which have direct effect on human life, Infection starts from lungs is detected 

in early before disease could took its toll on human body. Various medical procedure such as heart rate, 

blood oxygenation and heart rhythmic detection can give away infections early warning so it could be treated 

in early stages. Such procedures are put into small wearable devices for a person to care for and have it on 

for a long period. 
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1. Introduction 

  Heart disease is one of the major causes of death in the world. Every year, 

over 610,000 individuals die in the United States alone from a heart attack—one out 

of every four deaths—but there are well established early indications of a heart 

attack that could considerably contribute in saving many lives and limiting damages 

by recognizing and reporting at an early stage. Myocardial infarction (MI), 

sometimes known as a heart attack, is a critical medical emergency in which the 

blood supply to the heart is suddenly cut off, generally by a blood clot in the 

coronary artery [1,2]. A shortage of blood to the heart can cause major damage to 

the heart muscle and even death. Heart attacks are classified into three types: ST-

elevation myocardial infarction (STEMI), non-ST-elevation myocardial infarction 

(NSTEMI), and coronary spasm [3]. Electrocardiograms are electrical impulses 

obtained from the heart (ECG or EKG). In today’s digital world Health Care System 

should be digitalize for tracking, treating and admitting patient as per basic health 

checkup done by wearable device. IoT gives freedom of connecting the smallest 

machine to the internet which can be controlled and monitored from the other side 

of the world . Biomedical sensors are able to detect slight changes in the body 

without skin penetration such as body temperature, human heart rhythm detection, 

blood oxygenation, etc.  

  Compiling all of this new technology we can make a small Watch like 

device which can monitor Bio conditions and detect anomalies in the body as well 

as track and send information to the nearest hospital to know the health need and 

diagnosis. 
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  There is worldwide prevalence of Heart Failure is 64.34 million cases and 

16.1Cr positive detection of COVID-19 and 33.4L Deaths in April 2021. To detect 

these diseases there are five main sensors 1) ECG Sensor 2) Oxy2 Sensor 3) Body 

Temp. Sensor 4) Accelerometer 5) Gyro with ESP32 Controller which have 

integrated WIFI and Bluetooth also have battery manager for lower voltage 

consumption and Low Power GPS as well as GSM (2G). 

  We propose the development of a model for a wearable similar to Wrist watch 

with display (128X64P) and buttons for user interaction. Bio-sensor is near the skin on the 

wrist so it could measure body temperature, blood oxygenation and one lead of ECG. 

Above all sensors controller is soldered with Accelerometer and Gyro; There's another 

PCB board that has GPS and GSM communication platforms. 

 

 

Figure. 1: PCB Layers Inside of Device 

Recent research suggests the construction of either a two-electrode amplifier 

alone [4,5] or a three-electrode wearable portable ECG system [6,7]. Two gelless 

electrode-based ECG fodevices have been developed in [8] to collect ECG and 

cardiac signals while engaged in diverse athletic activities. The two-electrode design 

incorporated the compensation circuit for reference electrodes to avoid saturation 

and maximize common rejection mode. It also contained baseline correction and a 

different ground, which helped illuminate direct current (DC) drift and common 

mode noise. This technique proved useful for signal acquisition using two 

electrodes. However, no machine learning algorithm was used in this system to 

detect any heart abnormalities. For ECG signal capture in [9], two Ag/AgCl 

electrodes were employed. The ECG signal was then transferred to a personal 

computer through the 2.4 GHz band (PC). The system could run continuously for 49 

hours on a rechargeable lithium-ion battery. This system was also created to monitor 

ECG signals without the use of a clever algorithm. [10] authors presented a chest-

belt-style two-electrode wireless real-time ECG recording system built on an 

android monitoring app. For ECG arrhythmia recognition, this design includes 

motion artifact compensation and R-peak detection. Using the Physiobank MI 

database, authors [11] demonstrated a real-time MI detection system relying on a 

support vector machine (SVM) with an accuracy rate of 90%. 

 According to a research report [12], 17.9 million people die each year as a 

result of cardiovascular disease. Their research paper is using machine learning to 

find pattern to detect anomalies using raw data gathered from sensors. Its primary 

focus is to design systems, allow them to learn and make Predictions based on the 
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experience. It trains machine learning algorithms using a training dataset to create a 

model. The model uses the new input data to predict heart disease. It creates models 

using machine learning to find hidden patterns in the input dataset. 

 According to the Soonil Kwon[13], persistent AF patients with 

cardiovascular disease have been recruited prospectively. For a period of 15 minutes 

CART and a standard oximeter of the pulse before and after cardioversion captures 

PPG signal on the finger (each instrument).PPG rhythms were confirmed by 

cardiologists using simultaneous single-lead electrocardiography. 

 Tania Pereira [14] and colleagues published a paper on atrial fibrillation 

detection that investigated PPG waveforms generated throughout a cardiac cycle and 

normally monitored at a peripheral site. As a result, it is essentially a pulse pressure 

waveform that begins in the heart and spreads throughout the vascular tree. Because 

blood flow is controlled by brain, cardiac, and respiratory interactions, studying a 

PPG signal might theoretically yield a variety of physiological data. As a result, the 

PPG signal contains a wealth of information about physiological circumstances. 

  The preliminary research was conducted [15] using a benchmark dataset to create 

and validate the best structure. The developed method undertakes the preliminary study 

and forecasts the heart anomalies of a person. Thus anyone who is skeptical of a heart 

disease may use this effective way to analyze his ECG. The full implementation of the 

system to the ECG signal abnormalities prediction is carried out using the work platform 

LabVIEW (Laboratory Virtual Instrument Engineering Workbench). Using LabVIEW 

Biomedical Toolkit 2013, the proposed system [16] continually monitors the patient's 

heart behavior and extracts the ECG characteristic, making it easier to analyze the 

problem. 

Figure. 2: PPG Waveform 

 

  Below table presents comparison of state of art systems for heart attack 

monitoring. 
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Table 1: Comparison  Table 

 

Title of Paper Technology and sensors 

Heart attack detection using Smart Phone[17] Smart Phone 

Heart attack detection and Medical attention 
using Motion Sensing Device – Kinect [18] 

Kinect, Xbox one 

Heart rate monitoring system using finger tip 
through Arduino and processing software[19] 

Fingertip sensor, Arduino Uno, 
Nodemcu, Android Phone 

Heart rate monitoring and Heart attack detection 
using wearable Device[20] 

Smart band, Android phone 

Heart attack detection using Android Phone[21] ECG monitor, Android phone 

IoT on Heart attack detection and heart rate 
monitoring[22] 

MI Band 2, android phone, Big Data 
Analytics 

IoT Based Heart Attack Detection and Alert 
System[23] 

Analog sensor, wireless module, ECG 
leads, AVR microcontroller 

Heartbeat Sensing and Heart Attack Detection 
using Internet of Things[24] 

Pulse sensor, wi-fi module, Arduino Uno 

 

Common drawbacks of the state of art systems are as follows  

1. Continuous recording and sending data drags the battery which leads to 

inefficient performance 
2. The architecture is more complex and more hardware is needed which is less 

flexible 
3. Wearable devices like Apple watches are costly which are not affordable for 

common people. 
 

Studying these drawbacks we proposed a design which is more efficient, effective, 

compact and affordable.   

 

2. System Specification 
1. Hardware Requirement 

i. Controller ESP32 WROOM 16MB 
ii. Battery Manager MCP1700 

iii. ECG Sensor AD8232 
iv. Oxy2 Sensor MAX30100 
v. Temperature Sensor DS18B20 

vi. Triple Accelerometer and Gyro Sensor MPU-6050 
vii. OLED LCD Display (128x64P) 

viii. Ublox neo-6m GPS Module 
ix. SIM800L GSM Module 
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x. TP4056 Battery Charger 
2. Software Requirement 

a. Arduino IDE 
b. Notepad ++ 

c. LabView 

 

3.Methodology 

 

 
Figure. 3: System Block Diagram 

 
Every 30 Min system will take data from all Biomedical Sensor or user can trigger 

Biomedical Sensor data by himself after fetching data it will run algorithm for detecting 

anomaly with heart beats and human body If such anomaly does occur it will send data on 

medical emergency services with continue trace till person is found and treated by 

authority   

 

All data with information regarding output of the algorithm is displayed on LCD also 

important information Such as Battery level, GSM and GPS signal Strength, Etc. Device 

is equipped with Lithium-ion Battery Cells, Battery manager and Battery Charger; Battery 

manager control charge to put device in sleep mode to save power and also power up the 

device on button push. 

 

Block diagram contains Four major unit 1. Sensor, 2. Controller and Communication, 3. 

Power Manager, 4. User Interface. 
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A. Sensor: This unit contains four biomedical sensors and a single physical sensor; ECG, 

Oxy2, Accelerometer, Gyro are I2C based sensor Temperature and blood pressure is 

Digital sensor. Controller will fetch data sequentially from each Sensor. 

 

B. Controller and Communication: This contains Brain of system ESP32 Controller 

which have internal WIFI and Bluetooth also it has multiple Communication Protocols 

including I2C, Serial, CAN, Etc.; another part of this unit is communication peripherals 

such as GPS and GSM which will be connected to antenna and with ESP32 serially 

using AT Commands could push and pull data from internet and GPS data logging. 

 

C. Power Manager: Power manager has four main components: Charger, Manager and 

Battery itself; Charger is different from ordinary as it is used to charge li-ion by 

pulsating method  micro-USB can be used to charge Battery. 

 

Power manager have regulator, DC to DC Converter and power supply controller to each 

unit as per need of controller including to communication section and user interface 

OLED display 

 

D. User Interface: User have three buttons to control system and display to monitor and 

keep informing user about status 

 

Algorithm Steps 

 

Step 1. System Start when Switched on by long 

pressing function button; after it start it will 

run its internal system and communication 

status checkup. 

Step 2. System will restore last time stamp and 

register server of being online with location; 

It will start    Biomedical check every 30 Min 

with a location stamp. 

Step 3. Each Biomedical sensor data handled 

differently and compared with algorithm to 

check for anomalies. 

Step 4. If such anomaly detected it will initiate 

Communication through internet and SMS 

with Location Stamp. 

Step 5. As emergency message arrives Health 

Personal can review data via LabVIEW for 

preparation. 

 

Step 6. If no anomaly found system go back to again 

Step 2 and start process again and again till 

Shut Down or battery voltage dissipation. 

 

Implementation of System 

 

System is a combination of biomedical sensor, movement sensor, Communication system, 

Power manager, Display and Controller; all these components are arranged in two PCB’s. 

 

i. First PCB 

Controller, power manager and sensors are mounted on one PCB. 
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To avoid RF spike sufficient grounding is done; Regulated power is given to components 

and each sensor is turned ON and OFF independently. 

 

ii.Second PCB 

GSM and GPS mounted on another while Display is connected on top as Body of device. 

GSM has a lot of components including SIM Card, antenna and other parts to support 

GSM Communication.GPS are very few components,  the most important part is 

Antenna; Both antennas are part of the body but separate from each other. 

 

IoT: There are various platforms which have an internet protocol which shares sensor 

data over the internet and represents one; one of them is “ThingSpeak” cloud. 

 

“ThingSpeak” is a cloud-based IoT analytics platform service that aggregates, visualizes, 

and analyzes real data streams. Users can submit data from their gadgets to "ThingSpeak," 

produce quick visualizations of live data, and send alarms. 

 

LabVIEW: It provides a graphical programming technique that allows you to visualize 

every part of your application, such as hardware configuration, measurement data, and 

debugging. This representation simplifies the integration of measurement instruments. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Heartbeat Waveform LabVIEW 
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4.  Result 

 
After implementation of system comparison between original and system bio-sensors 

 

i. ECG Sensor: AD8232 Sensor is used in system is compared to medical ECG 

Machine which gave following results also have ECG pulse image comparison; 
 

 
 

Figure. 5: ECG data 1. ECG Machine 2. AD8232 Sensor Reading 

 

 
Table 2. Value Comparison 

 

 

Variables 

Super Position Correlation 

   coefficient  

                                

AD8232  

 

ECG 

r (p≤0.001)  

Mean HR 
  (bpm)  

83 ± 14.1 84 ± 13.9 0.9 

PR interval 
  (sec)  

0.16±0.01 0.17± 0.01 0.9 

QRS interval 
  (sec)  

0.13±0.01 0.14± 0.01 0.7 

QT interval (sec) 0.36±0.07 0.36± 0.07 0.9 

RR interval 
  (sec)  

0.72±0.15 0.73±0.15 0.9 

 

The accompanying table clearly shows that there is a substantial positive correlation 

between ECG data obtained from AD 8232 and typical clinically authorized ECG 

monitors. r=0.9 (p ≤0.001). Hence, AD8232 module is used instead of standard ECG 

device for basic monitoring. 
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ii. Oxy2 Sensor: The MAX30100 is a full pulse oximeter and heart rate sensor 

system solution developed for the high demands of wearable devices. 

 

PPG waveforms were successfully processed at the finger to reveal the heart rate 

signal for peak-to-peak detection of heart rate (Fig. 6), and the amplitude of each beat 

required for SpO2 calculation compared to the unprocessed waveform of Red and IR 

Amplitude. 
 

 

 
 

Figure. 6: PPG waveform from which SpO2 is calculated 

 

 

A. Amplitude of the IR waveform, B. amplitude of the red waveform, C. A single heart beat in the 

IR waveform, D. A single heartbeat in the red waveform, E. A single respiration as seen as a 

change in amplitude of the IR or red waveform. 

 

 

Table 3. Value Error as per Medium 

 

Resting Median Error 

% (s.d.) 

Walking Median Error 

% (s.d.) 

Red IR R &IR Red IR R 
&IR 

76 
   (±17)  

62 
(±32)  

68 
(±23)

  

10 
(±10)  

11 
(±10)  

11 
(±10) 

 

All Biosensors are compared and mounted in wearable sensors and calibrated to work and 

match Biomedical machinery data. 

 

 

5.  Conclusion 

 
In this paper, it is demonstrated that all biosensor and Communication systems can 

be compact into wearable device which can check respiratory system using external 

sensor from skin. Device can effectively and efficiently measure sensor data and pass it 

through anomaly detection algorithm which inform health support via IoT; Health 

personnel can monitor wearable devices live data as well as old data using LabVIEW. 
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