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Abstract— Heart attacks are the most deadly CVD, Officially known as myocardial infarctions (MIs). Some people suffer 
sudden cardiac death, an event generally defined as death resulting from coronary heart disease (CHD), which usually leads 
to heart attack, within an hour of the onset of symptoms. Heart attacks occur when the supply of blood to the heart is 
interrupted, commonly due to the blockage of a coronary artery, which causes heart cells to die. When left untreated, the 
blockage of blood supply (ischemia) results in the infarction of heart muscle tissue (myocardium). Classic heart attack 
warning signs include chest/shoulder pain, shortness of breath, nausea, vomiting, and sweating. However, heart attacks 
frequently occur without any warning signs; these heart attacks are referred to as silent. "Over 50 percent of the patients 
suffering from a heart attack die just because they are unable to reach the hospital in time. It is highly imperative to detect early 
signs of heart attack & help the patient to reach hospital earliest possible. Real time monitoring of Electrocardiogram (ECG) 
would help in early detection of heart disease. Electrocardiography (ECG) is a widely accepted approach for monitoring of 
cardiac activity and clinical diagnosis of heart diseases. The proposed system implements a heart attack detection and warning 
system by real-time ECG monitoring. To obtain the patient’s ECG, a wearable sensor is used. The ECG will be classified as 
either normal or elevated. The signals are continuously transmitted to healthcare centre where the database of the patient is 
already recorded. If elevated beats occur for duration of at least thirty seconds (clinically significant) a multilevel system of 
warnings will begin. The user will immediately be notified via pop-up and audible alerts. Simultaneously a designated 
physician, ambulance and immediate family member of the patient will be notified via text message that the patient could be 
experiencing a heart attack. 
 
Index Terms— Cardiovascular Diseases, Myocardial Infarction, ECG, ST elevation. 
 
I. INTRODUCTION 
 
With the advent of computers, technology is playing 
an ever increasing role in society by making jobs 
easier and faster, providing new medians for 
communications, and most importantly, increasing 
quality of life with medical devices. Through the 
twentieth century, medical devices have helped save 
lives. One example of a life-changing innovation is 
the electrocardiogram (ECG), which allows 
physicians to monitor the heart via its electrical 
activity. Furthermore, there has been an increasing 
trend to make medical devices smaller and more 
portable, to allow the patient to use them at all times. 
Examples of such devices are pacemakers, portable 
respirators, and automated external defibrillators. By 
continuously monitoring the heart’s ECG, heart 
attacks that could be previously undetectable by users 
may be able to be detected before damage occurs.   

Officially known as myocardial infarctions (MIs), 
heart attacks are the most deadly CVD. Furthermore, 
an event generally defined as death resulting from 
coronary heart disease (CHD), which usually leads to 
heart attack, within an hour of the onset of symptoms 
[1]. Heart attacks occur when the supply of blood to 
the heart is interrupted, commonly due to the blockage 
of a coronary artery, which causes heart cells to die. 
When left untreated, the blockages of blood supply 
(ischemia) results in the infarction of heart muscle  

 
tissue (myocardium). Classic heart attack warning 
signs include chest/shoulder pain, shortness of breath, 
nausea, vomiting, and sweating. However, heart 
attacks frequently occur without any warning signs; 
these heart attacks are referred to as silent. 
The Electrocardiogram (ECG) is the most widely 
adopted clinical tool to diagnose and assess the risk of 
CVD. Approximately seventy percent of heart attacks 
are detectable in the ECG; the remaining thirty 
percent are not recognizable due to various reasons 
such as small infarctions, multiple infarctions, and 
electrocardiography is an indirect method [2]. Early 
diagnosis of acute heart attacks, within one hour of the 
onset of symptoms [3], is necessary for successful 
treatment, including percutaneous coronary 
intervention (PCI) and for the timely administration of 
thrombolytic therapy.  
In clinical settings, resting ECGs are used to monitor 
patients automatically, along with physicians 
performing diagnosis by reading the ECG. However, 
abnormalities may not be detected on standard resting 
ECG machines since the condition may not be present 
at that moment in time. Furthermore, it is unlikely that 
the patient will be in a clinical setting at the onset of 
the heart attack due to their sporadic nature. While 
Holter-based portable monitoring solutions offer 24 to 
48-hour ECG recording, they lack the capability of 
providing any real-time feedback for the thousands of 
heart beats they record, which must be tediously 
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analyzed offline. In the case of acute MI, Holter 
monitors are not an effective diagnosis tool because 
they simply record the heart’s activity and provide no 
assistive diagnosis or warnings [4].  
The Electrocardiogram (ECG) is the recording of the 
electrical activity of the heart. An ECG is used to 
measure the heart’s electrical conduction system. It 
picks up electrical impulses generated by the 
polarization and depolarization of cardiac tissue and 
translates into a waveform. The waveform is then used 
to measure the rate and regularity of heartbeats, as 
well as the size and position of the chambers, the 
presence of any damage to the heart, and the effects of 
drugs or devices used to regulate the heart. A typical 
ECG tracing of the cardiac cycle (heartbeat) consists 
of a P wave, a QRS complex, a T wave, and a U wave, 
which is normally invisible in 50 to 75% of ECGs 
because it is hidden by the T wave and upcoming new 
P wave. Heart attack diagnosis relies on the analysis of 
the ST segment of the electrocardiogram. A typical 
normal ECG tracing is shown in fig. 1(a). For the 
normal case, the ST segment is not elevated according 
to the clinical diagnosis criterion. However, for the 
heart attack case, the ST segment is clearly elevated. 
They are typically characterized by an elevation in the 
ST segment of ECG as shown in figure 1(b).  

 

           
Fig. 1 Normal ECG and ST Elevated ECG 

 
The objective of this paper is to propose an efficient 
method to detect the deviation in "ST segment" time 
series based on prolonged ECG recording or real time 
capture of ECG. One of the main goals of this project 
is to provide maximum convenience to the user or 
patient during ECG measurements, especially for 
prolonged use. Therefore, special consideration is 
taken regarding two interfaces: the patient-sensor and 
sensor-cardiologist interfaces. 
 
II. LITERATURE REVIEW 
 
There are also a plenty of devices in the market that 
propose portable ECG monitoring, called Holter ECG 
which can capture ECG during a long period (24h or 
48h) like CardioDay proposed by getemed [5]. 
Various ECG monitoring systems were proposed. 
Medical Emergency Detection in Sensor Networks 
(MEDiSN) [6] is a WSN for monitoring patient’s 

physiological data including ECG, in hospitals and 
during disaster events. MEDiSN is a patient-worn 
device that sample, compress and secure medical data, 
and Relay Points that form a static multi- hop wireless 
backbone for carrying patient data. Real-time 
continuous arrhythmias detection system (RECAD) 
[7] is based on WSNs technology. It consists of 
Ambulatory Wireless ECG Sensor (AWES) to provide 
all time cardiac monitoring services. RECAD 
platform has four sub-systems: AWES, local access 
server, remote access server and remote surveillance 
server.  
CardioNet [8] is the world's leading supplier of Mobile 
Cardiac Outpatient Telemetry™ (MCOT™). 
CardioNet provides the next-generation ambulatory 
cardiac monitoring service with beat-to-beat, real time 
analysis, automatic arrhythmia detection and wireless 
ECG transmission. CardioNet prides itself with 
helping clinicians prevent morbidity, mortality and 
disability with rapid diagnosis and treatment of 
patients with cardiovascular disease. Medtonic Reveal 
TX [9] is an implantable patient activated and 
automatically activated monitoring system that 
records subcutaneous ECG and is indicated in the 
cases such as patients with clinical syndromes or 
situations at increased risk of cardiac arrhythmias, 
patients who experience transient symptoms such as 
dizziness, palpitation, syncope, and chest pain that 
may suggest a cardiac arrhythmia. 
 
III. PROPOSED SYSTEM 
 
Proposed system consists of 2 units: 

 Body unit. 
 Hospital unit. 

 

 
Fig. 2 Architecture of Proposed system 

 
Fig. 2 shows the architecture of the proposed system. 
In the proposed system two electrodes are placed on 
the wrist of two hands and ECG signal is transmitted 
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to signal conditioning and transmitting board. Here 
there is wired connection between electrodes and 
board. ECG signal is transmitted wirelessly to 
healthcare centre where signal is analysed in 
MATLAB so as to differentiate normal and elevated 
ST segment. And after that if elevated ST segment 
occurs, alarm is raised which will be send to family 
member, physician, ambulance and patient himself 
also. Here clamp types of ECG electrodes are used and 
Zigbee module is used for wireless transmission. 
A. Body Unit 
This unit consists of two electrodes, one signal 
conditioning board and one transmitting board. Two 
electrodes will be placed on the wrist of both hands. 
The signal acquired from the electrodes goes to the 
signal conditioning board to be amplified and filtered. 
The differential amplifier differentiates the signals 
coming from the two lead electrodes and amplifies it 
to fit it to the analog input range of an 
analog-to-digital converter (ADC). Unwanted 
frequency components are then removed using a 
high-pass filter (HPF) and a 60-Hz notch filter to 
improve the signal-to-noise ratio (SNR). The 
processed signal is then digitized with an ADC 
embedded in a tiny microcontroller (mC) and sent 
with a wireless module to Hospital unit. Schematic 
representation of body unit is shown in fig. 3. 

 
Fig. 3 Schematic representation of Body unit 

 
We used Clamp electrodes for acquiring ECG signal. 
Clamp electrodes [10] with suitable universal 
connection are very suitable for getting ECG signal 
with better accuracy. The metallic surfaces of these 
electrodes are silver-silver chloride (Ag-AgCl) plated 
to provide maximum signal quality. Clamp electrodes 
are color coded IEC or AHA protocols (IEC color 
code: Red, Green, Yellow, Black and AHA color code: 
Red, Green, White, Black). Length of the clamp 
electrodes are 140 mm for adults. Clamp electrodes 
are reusable electrodes and gel is used as the contact 
medium. ECG gel contains the free charges which 
guarantee electrical conduction. It is important to 
apply the electrode gel as it also minimizes the motion 
artifacts. 
 

B. Hospital Unit 

 
Fig. 4 Schematic representation of Hospital unit 

 
Once the ECG signal is received in the Hospital 

unit, analysis is done by using MATLAB. Also, the 
signal after analysis is stored in database. In this 
database patient’s health condition is recorded in the 
form of ECG signal. And if the ST elevation occurs 
then it send to the alarm system so as to inform 
patient’s relative, physician and patient himself also. 
Schematic representation of hospital unit is shown in 
fig. 4.  

 
C. Data Transmission, Log and Medical help 
In designated medical care center the database of 
patient’s medical history is maintained electronically. 
The ECG data output from the device is required to be 
transmitted to medical care center database. This 
transmission of regular ECG captured by the device is 
done through web. The interval of transmission of 
regular ECG shall be every 1 hour. After every hour a 
stipulated output of 50 ECG cycles shall be forwarded 
to medical care centre. This record keeping shall help 
medical Practitioner to determine patient’s normal 
health condition. 
At instances where the ST segment from the device 
output is found to be elevated, the alarm needs to be 
raised. This alarm shall be sent to Medical care center, 
patient’s designated immediate family member & to 
patient himself. The alarm shall be in the form of text 
message & will contain data of severity of unhealthy 
ECG & patient’s location. Along with alarm, latest 
captured ECG of the patient shall immediately begin 
to transfer to medical care center database. All above 
transmission will be web based. 
In order to provide immediate medical help to the 
patient in case of elevated ST segment, an automated 
prerecorded call shall be made to Ambulance (102). 
The patient will be attended from the nearest medical 
care center.   
We used Zigbee module for wireless transmission. 
ZigBee is a low-cost, low-power, wireless mesh 
network standard targeted at wide development of 
long battery life devices in wireless control and 
monitoring applications. Zigbee devices have low 
latency, which further reduces average current. 
ZigBee chips are typically integrated with radios and 
with microcontrollers that have between 60-256 KB 
flash memory. ZigBee operates in the industrial, 
scientific and medical (ISM) radio bands: 2.4 GHz in 
most jurisdictions worldwide; 784 MHz in China, 
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868 MHz in Europe and 915 MHz in the USA and 
Australia. Data rates vary from 20 kbit/s (868 MHz 
band) to 250 kbit/s (2.4 GHz band). 
ZigBee is one of the global standards of 
communication protocol formulated by the relevant 
task force under the IEEE 802.15 working group. The 
fourth in the series, WPAN Low Rate/ZigBee is the 
newest and provides specifications for devices that 
have low data rates, consume very low power and are 
thus characterized by long battery life. 
D. RESULTS 
ECG signal is periodic with fundamental frequency 
determined by the heartbeat. It also satisfies the 
Dirichlet’s conditions. Hence Fourier series can be 
used for representing ECG signal. If we observe Fig. 1 
carefully, we may notice that a single period of an 
ECG signal is a mixture of triangular and sinusoidal 
wave forms. Each significant feature of ECG signal 
can be represented by shifted and scaled versions one 
of these waveforms.  
Once we generate each of these portions, they can be 
added finally to get the ECG signal. So the generated 
output ECG signal by MATLAB is shown in Fig. 5. 
The specifications are default for this signal which can 
be changed according to the user’s requirement while 
simulating the MATLAB code. 

 
Fig. 5 Typical ECG output waveform simulated in MATLAB 

 
In MATLAB, the Data Acquisition Toolbox provides 
Simulink blocks for acquiring live data into Simulink 
models and for outputting live signals to the physical 
hardware. It uses the Analog Input block to acquire 
live analog data from a data acquisition device into 
Simulink. The acquired data is processed in Simulink 
and uses the Analog Output block to output data to an 
analog data acquisition device. 

 
Fig. 6 Elevated ST segment detection in ECG output waveform 

simulated in MATLAB 
 
Fig. 6 shows the elevated ST segment in ECG signal. 
It means that there is possibility of heart attack for that 
patient. So alarm system in hospital unit is activated. 
 
CONCLUSION 
 
In this paper, we proposed a new approach for early 
detection of Myocardial Infarction (MI). The proposed 
approach is that the patient’s ECG is monitored 
remotely on real time basis. Deviations in ST segment 
elevation in ECG of the patient are to be taken for 
evaluation by the software. In case of emergency an 
alert message will be sent to the patient’s immediate 
family member & Physician for immediate medical 
help. 
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