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Abstract:  Heart attack is one of the leading causes of human death worldwide. Every year, about 647,000 

people die of heart attack in the United States alone—that is 1 out of every 4 deaths—but there are well 

understood early symptoms of heart attack that could be used to greatly help in saving many lives and 

minimizing damages by detecting and reporting at an early stage. The current work proposes the development 

of a wearable system for real-time detection and warning of heart attacks , which could enormously help in 

reducing the deaths due to heart attacks. The system consists of 2 subsystems that communicate wirelessly 

using Bluetooth technology, namely, a wearable sensor subsystem and an intelligent heart attack detection 

and a warning subsystem. The sensor subsystem records the electrical activity of the heart from the chest area 

to produce electrocardiogram (ECG) trace and send that to the other portable decision-making subsystem 

where the symptoms of heart attack are detected. We evaluated the performance of dry electrodes and 

different electrode configurations and measured overall power consumption of the system. Linear 

classification and several machine algorithms were trained and tested for real-time application. It was 

observed that the linear classification algorithm was not able to detect heart attack in noisy data, whereas the 

support vector machine (SVM) algorithm with polynomial kernel with extended time–frequency features 

using extended modified B-distribution (EMBD) showed highest accuracy and was able to detect 97.4% and 

96.3% of ST-elevation myocardial infarction (STEMI) and non-ST-elevation MI (NSTEMI), respectively. The 

proposed system can therefore help in reducing the loss of lives due to heart attacks all over the world. 

Keywords:  Heart Attack; Real Time System; Portable Device; Machine Learning Algorithm; Support Vector 

Machine. 

   1. INTRODUCTION 

This is an IOT based application, Internet of things 

are currently being used in many fields ,where there 

is a mutual communication between devices and 

people over a network. The work of the IOT devices 

is to sense the data and send the data to server by 

this huge amount of data can be generated. By the 

generated data we can draw the conclusion by 

processing and analyzing the data obtained. This 

gives the advantage in real time data reporting from 

environment. 

Myocardial Infarction (MI), commonly known as 

Heart Attack, is a serious medical emergency in 

which blood to the heart is suddenly blocked, 

usually by a blood clot in the Coronary Artery. A 

lack of blood to the heart may seriously damage the 

heart muscle and can be life threatening. Heart 

attack is a sudden and sometimes fatal occurrence of 

Coronary Thrombosis, and it is among the highest 

causes of human death and disability worldwide. 

The basic goal of this research paper is even though 

heart attack is life threatening, it has early 
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symptoms that could greatly help in saving many 

lives and avoiding consequences  if it is detected 

and reported in a timely manner to the health care 

facilities. Therefore, to reduce the deaths due to 

heart attack, there is an urgent need for a Portable 

Wearable System that can continuously monitor for 

any early symptoms of this medical situation, which 

could inform the patient  as well as medical 

caregivers along with there location. Thus, the 

medical caregivers could arrive and provide 

lifesaving procedures to rescue the patient in a 

timely manner. 

2. PROPOSED CONCEPT  

An electrocardiogram also called ECGs or EKGs 

records the electrical signals produced by heart. It is 

one of the simplest, fastest and painless test used to 

quickly detect heart problems and monitor your 

heart’s health. ECG is a safe procedure. There is no 

risk of electrical shock during the test because the 

electrodes used do not produce electricity. They 

only record the electrical activity of your heart. An 

ECG records these impulses to show how fast the 

heart is beating, the Rhythm of the heart beats 

(steady or irregular), and the strength and timing of 

the electrical impulses as they move through the 

different parts of the heart. Changes in an ECG can 

be a sign of many Heart-Related Conditions. 

 

Figure-1 

You may need an ECG if you have any of these 

symptoms:  Chest pain, Dizziness, Confusion , 

Heart palpitations ,Rapid pulse, Shortness of breath,  

Severe tiredness and so on. If your symptoms tend 

to come and go, they may not be captured during a 

standard ECG recording. In this case your doctor 

may recommend remote or 

continuous ECG monitoring 

There are three types of Heart Attack—ST-

Elevation Myocardial Infarction (STEMI), Non-ST-

Elevation Myocardial Infarction (NSTEMI), and 

Coronary Spasm. A normal ECG trace (Figure 2A) 

consists of components that indicate electrical 

events during one heartbeat. P wave is the first short 

upward movement of the ECG tracing, which 

indicates that the atria are contracting and pumping 

blood into the ventricles. The QRS complex 

normally begins with a downward deflection(Q), a 

larger upwards deflection, a peak (R), and then a 

downwards (S)wave. The QRS complex represents 

atrial repolarization and ventricular depolarization 

and contraction. The PR interval indicates the 

transit time for the electrical signal to travel from 

the sinus node to the ventricles. T wave is normally 

a modest upwards waveform representing 

ventricular repolarization. A STEMI (Figure 2B) 

occurs when a coronary artery becomes completely 

blocked and a large portion of the muscle stops 

receiving blood, whereas NSTEMI (Figure 2C) is 

due to partial blockage of the coronary artery 

 

Figure-2 

The existing ambulatory ECG monitoring systems 

take a considerable amount of time and effort to 

record ECG signals in patients through a long-term 

hospitalization, and the ECG data have to be sent to 

professionals for diagnostic analysis. However, a 

wearable ECG device can help in real-time 

monitoring of heart attack because it can make 

decisions itself by observing irregular events of 
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ECG signals and identification of sudden heart 

attack and will be particularly useful for saving 

lives. 

Hardware Requirements 

 Rfduino Microcontroller 

 AD8232 Analogue front end 

 GPS   

 Sim Module 908 

Software Requirements 

 Mat lab 
 Python IDE 

 Arduino IDE 

 

          

        3. EXPERIMENT 

The wearable subsystem is a chest-belt (as shown 

in figure 3) with an ECG amplifier embedded 

with dry electrodes, AFE(Analog Front End), RF 

duino 

                                              

                              

Figure 3: Exterior (A) and interior view (B) of 

the three-dimensional (3D) model of the ECG 

amplifier and (C) the ECG amplifier with the 

chest best and (D) dry electrodes.  

                                                    

The prototype system consists of two subsystems 

that communicate wirelessly using Bluetooth low 

energy (BLE) technology - a wearable sensor 

subsystem and an intelligent heart attack detection 

and warning subsystem (as shown in Figure 4)      

The sensor subsystem uses dry ECG electrodes to 

sense the electrical activity from the chest area to 

produce an ECG trace. The raw signals from the 

patient’s body are sent continuously through the 

Bluetooth interface to the detection and warning 

subsystem. Later it continuously processes and 

analyzes the raw measurements to detect any 

symptoms related to heart attack 

 The ECG amplifier detects the electric 

impulse from the heart. 

 Analogue front end amplifies the ECG 

signal. 

 The amplified ECG signal is digitalized 

by using Rfduino. 

 The digitalized ECG signal is sent to the 

mobile phone through Bluetooth. 

 The ECG signal received from the 

Bluetooth is analyzed in the intelligent 

heart attack detection - is an application 

which is developed by an android. 

 If any abnormality is observed in the ECG 

trace then the signal is sent to the warning 

system.  

 The warning system alerts the nearby 

hospitals using EMERGENCY SOS 

4. WORKING 

 Firstly, the dry electrodes (Cognionics,inc) are 

embedded in a chest belt are used to acquire the 

potential difference from the body. This dry 

electrodes is placed as shown in the figure 5 . 
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                 Figure-5 

The wearable subsystem acquires the information 

of potential difference detected by the electrodes. 

Real- time ECG converts the potential difference 

information into ECG signal. AD8232 AFE 

(Analog Device) is an integrated signal 

conditioning module to extract, amplify and filter 

the ECG signal in the presence of noisy 

conditions. The output of the AFE is digitalized 

using Rfduino . Rfduino is a microcontroller 

which consists of ARM CORTEX M0 as core, 

built in Bluetooth 4.0 low energy module and  

has analog to digital converter (ADC) module . It 

also has Arduino Integrated Development 

Environment (IDE) as user interface, which 

allow testing and running of pre-written sketches 

and takes advantages of existing libraries. 

Moreover, the dimension, the low-power 

consuming feature and the built-in BLE module 

makes the Rfduino an excellent choice for  this 

application. The output is digitalized and 

transmitted to a mobile phone through Bluetooth.  

         The intelligent heart attack detection and 

warning system is developed in the form of a 

mobile application. In intelligent heart attack 

detection system, for detection of MI (Myocardial 

Infarction) we use linear classification of machine 

learning algorithms. There are 22 different 

algorithms of machine learning [Three decision 

tree, Two discriminate analysis, Six SVMs, Six k-

nearest neighbor (KNN), and Five ensembles 

classifiers] which are tested on MATLAB for the 

best 2 Algorithms .These algorithms are 

implemented in the application which are able to 

detect the 28 ECG recordings(14 recordings –

normal traces;7 recordings-T-inversion; 7 

recordings-ST elevation and depression) that are 

taken from the “MIT-BIH ST Change Database” 

The linear classification detects three major 

deflections in the ECG signals: P and T waves 

along with QRS complex. The ECG signal 

undergoes several signal processing steps like 

filtering, baseline wonder removal, and wavelet 

transformation—before the deflections were 

detected.  The blocks for the linear classification MI 

detection algorithm are shown in Figure6                             

Figure-6  Block diagram 

Finding the R wave and detecting its peak was the 

most important part in this method in order to 

diagnose Heart rhythm abnormalities. The R-peak, 

where the heartbeat had the maximum amplitude, 

that the QRS complex duration was almost 60 ms. 

By knowing the exact time where the R peak 

occurred, the S and the Q points should have been 

within the interval of approximately 32 ms after and 

before the R-peak. The T peak was the maximum 

point between 400 ms from the R peak. The length 

of each trace differed from patient to patient. This 

helps to identify the changes occurring in the ST 

segment, and any change that occurred in the ST 

segment was essential in identifying the heart attack, 

as it was continuously compared to the isoelectric 

line (as shown in figure 7) to spot any abnormality 

in the case of ST elevation, depression, or T-

inversion, which represents the myocardial 

infarction. 
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                                Figure - 7                      

   The time (t)-domain, frequency (f)-domain, and 

time–frequency (t,f) domain features were extracted 

from the segmented ECG data ,which are compared 

with the three popular quadratic time–frequency 

distributions (QTFDs)—Wigner–Ville distribution 

(WVD), Spectrogram (SPEC), and extended 

modified B-distribution (EMBD).This helps in 

detecting the ST elevation or T-wave inversion in 

ECG, which gives information about the heart 

attack .If any abnormal ECG traces are detected it 

gives signal to the warning sub system. 

                      The warning subsystem sends 

information of location by using GPRS and SIM 

module present in a mobile phone with the help of 

EMERGENCY SOS.  

5. FUTURE SCOPE  

By connecting our senses to sensors, wearable 

technology is paving the way for the emergence of 

advanced devices in the field of communication and 

navigation. Perhaps, the greatest potential of 

wearable technology exists in the healthcare sector.  

A survey conducted by HIMSS revealed that more 

than half of the providers found wearable 

technology in healthcare is helpful in saving the life 

of patients by  responding immediately. 

Wearable healthcare technology is gaining 

widespread popularity, primarily owing to its ease 

of use and flexibility 

6. CONCLUSION 

In this research paper, we proposed a portable 

wearable ECG system for real-time heart attack 

detection. The hardware complexity was reduced by 

using off-the-shelf AD8232 AFE and a miniaturized 

microcontroller with built-in BLE. By using this 

device, the patient could keep track of his/her heart 

condition on a daily basis at low cost. Moreover, the 

immediate response on heart attack detection and 

alerting could help in saving valuable lives. In 

summary, the device could contribute to excellent 

health monitoring and improve alerting services to 

the person as well as to medical care-givers. In this 

manner, emergency medical services could 

approach the patient in a timely manner to provide 

required lifesaving medical procedures to avoid any 

life-threatening consequences. 
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