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Abstract: Highest mortality from cardiovascular disease (CVD) in 2019: 17.9 million people died worldwide, accounting for 

32% of all deaths, 85% of which were due to heart attack and stroke. In Indonesia, 651,481 people die from cardiovascular 

disease each year, including 331,349 from stroke, 245,343 from coronary heart disease, and 50,620 from hypertension and other 

cardiovascular diseases. Disturbance of changes in heart rhythm is a condition when the heart's electrical activity is irregular, it 

can be faster or slower than usual. This disorder is closely related to cardiovascular diseases such as hypertension, heart failure, 

valvular heart disease, and coronary artery disease. Changes in heart rhythm are usually not dangerous, but if the heartbeat starts 

to feel abnormal, it can be fatal and cause sudden death. Changes in heart rhythm can be detected using an electrocardiogram, 

often called an EKG. The function of the EKG is to record information about the state of the heart using electrodes attached to 

the body. An EKG examination usually has to be done in a hospital to find out the disease the patient is suffering from. This 

study implements an ECG signal real-time monitoring and processing system using AD8232 sensor module and will display the 

resulting ECG signal in MATLAB software. This test will be monitored using Simulink MATLAB on the MATLAB R2022b 

software. Testing the ECG signal studied there were two activities, namely normal activity and after exercising for five minutes. 

The test was carried out in a sitting position using a 21 years old woman. The results obtained from the system are made using 

the AD8232 sensor module has been successfully implemented using R peak detection to generate real-time heart rate. It was 

found that the heart rate varies between 85 to 90 beats per minute during normal activity. Meanwhile, the heart rate after five 

minutes of exercise reaches 107 to 111 beats per minute. From this heartbeat, we can assume that the heart is functioning normally. 
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1. Introduction 

Disorders of heartbeat or heart rhythm is a condition when 

the electrical activity of the heart is irregular, it can be faster 

or slower than usual. This disorder is closely related to 

cardiovascular diseases such as hypertension, heart failure, 

valvular heart disease, and coronary artery disease[1]. 

Cardiovascular disease (CVD) is the leading cause of death 

worldwide. In 2019 about 17.9 million people died 

worldwide, accounting for 32% of all deaths, 85% of which 

were due to heart attack and stroke[2]. In Indonesia, 651,481 

people die from cardiovascular disease each year, including 

331,349 from stroke, 245,343 from coronary heart disease, 

and 50,620 from hypertension and other cardiovascular 

diseases (IHME, 2019) [3]. 

The heart is an organ the size of a fist whose job is to pump 

and distribute oxygenated blood throughout the body [4]. 

Blood is a means of transportation to deliver oxygen and 

other nutrients needed by the tissues in the body [5]. The 

pumping process of the heart is controlled by the sinoatrial 

node or electrical signals generated in the sinoatrial node. 

This electrical signal causes the heart to pump periodically 

and independently to circulate blood throughout the body[6]. 

There are several disorders related to heart disease, one of 

which is arrhythmia. Under normal conditions, an adult's 

heart rate is 60-100 beats/minute. Based on the number of 

heartbeats, arrhythmias are divided into two, namely 

bradycardia and tachycardia. Bradycardia is a heart defect in 

https://journal.gpp.or.id/index.php/ijrvocas/index
mailto:destra_andika_pratama@polsri.ac.id
https://doi.org/10.53893/ijrvocas.v3i2.202


54 Destra Andika Pratama et al.: Real-Time Changes of Heart Rhythm Using MATLAB 

 

which the heart beats very slowly, less than 60 beats per 

minute. Meanwhile, Tachycardia is a heart condition in 

which the heart rate is too fast, exceeding 100 beats per 

minute at rest[7]. 

Heart arrhythmias are generally harmless. However, if the 

heartbeat starts to feel unusual, it can be fatal and cause 

sudden death [8]. Doctors perform several tests on the patient 

to diagnose an arrhythmia, including an electrocardiogram. 

An electrocardiogram or ECG is a signal generated by the 

electrical activity of the heart muscle. This ECG records 

heart condition information obtained by attaching electrodes 

to the body [9]. 

An EKG examination usually has to be done in a hospital 

to find out the disease the patient is suffering from. Along 

with technological developments, many devices can detect 

heartbeats sold in the market, for example, oximeters and 

smartwatch. But the drawback of these tools is that users can 

only know the number of heartbeats per minute and cannot 

see the ECG waves clearly and in real-time, so they cannot 

analyze the results of the ECG. 

This research will develop a system for monitoring and 

processing ECG signals in real-time using the AD8232 

sensor module and will display the resulting ECG signal in 

MATLAB software. MATLAB is software used for 

programming, analysis, and matrix-based technical and 

mathematical computations [10]. MATLAB will display a 

graph of the ECG signal generated by the AD8232 sensor 

module which will be processed using an Arduino Uno R3-

type microcontroller. 

2. Literature Review  

2.1. Electrocardiogram  

An electrocardiogram or ECG is a medical examination 

intended to measure and record the electrical activity of the 

human heart [11]. ECG signal waves can be obtained by 

attaching electrodes to the body [9]. The electrode functions to 

translate electrical impulses into a graph that is displayed on 

the screen.  

 
Figure 1. ECG Signal 

 

A normal ECG signal consists of a P wave, PR interval, 

QRS complex wave, ST wave, and T wave [12]. 

 

 

Table 1. Table information 

Deflection Description 

P Wave 

The waves are generally small in size with a normal 

amplitude of ˂ 0.3 mV, and a normal duration of 40 - 

110 ms. 

PR Interval 
The isoelectric line connecting the start of the P and 

QRS complex is typically 120-200 milliseconds. 

QRS 

Complex 

Waves 

It consists of a Q wave which is the first downward or 

negative deflection wave with an amplitude of 25% of 

the R wave. The R wave is the first upward wave or 

positive deflection with an amplitude of 1.6 – 3 mV, and 

the S wave is a downward wave after the R wave with 

an amplitude of 0.1–0.5 mV. The normal QRS complex 

duration  is 60 - 100 ms. 

ST Wave 
The isoelectric line connecting the QRS complex and 

the T wave of 50–150 ms duration. 

T Wave 
The T wave is a positive arc after the QRS complex with 

an amplitude of 0.1 – 0.5 mV. 

QT Wave 
Time measurement of the QRS complex wave to T wave 

with a time of  350 – 440 ms[13], [14]. 

The way to calculate of heart rate can be done by first 

determining the peak interval of the R-R wave (tR-R), using the 

sampling frequency (fs), then the equation for the frequency 

of the heartbeat in beats per minute (bpm) [15]. 

Heart Rate (bpm) =
𝑓𝑠

𝑡𝑅−𝑅
𝑥60                      (1) 

 
Figure 2. R–R interval on ECG 

Based on age, normal heart rate is in the following ranges: 

1. Adults: 60-100 times in one minute. 

2. Children aged 1-12 years: 80-110 times in one minute. 

3. Infants (less than 1 year): 100-160 times in one minute [16]. 

2.2. Electrode Positioning Technique 

The ECG signal electrode positioning technique is based on 

Einthoven's triangle theory. With this method leads to bipolar 

lead I, lead II, and lead III are obtained. The leads for each lead 

are a combination of electrodes that are installed according to 

the following description: 

1. Lead I : Record the potential difference between the right 

hand (RA) and left hand (LA), with the right hand charged 

with electrodes (-) and the left hand charged with electrodes 

(+). 

2. Lead II : Record the potential difference between the right 

hand (RA) and the left foot (LF), with the right hand charged 

with electrodes (-) and the left foot charged with electrodes (+). 

3. Lead III : Record the potential difference between the left 

hand (LA) and the left foot (LF), with the left hand charged 

with electrodes (-) and the left foot charged with electrodes (+) 

[17]. 
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Figure 3. Extremity Lead Placement 

The AD8232 sensor module is a sensor module that can be 

used on Arduino and is used to measure electrocardiogram 

(ECG) and bioelectrical activity that occurs in the human body 

[18]. The AD8232 sensor module is based 3-lead ECG 

technology with a positive yellow electrode, a negative red 

electrode, and a green electrode as ground, with an analog 

signal measurement output [19]. 

 
Figure 4. Electrode Position Sensor AD8232 

3. Research Methodology 

3.1. Hardware Design 

From Figure 5 it can be seen that the design of an electronic 

system consisting of several components into a tool that can 

monitor and process ECG signals in real-time using the 

MATLAB software. The component consists of the AD8232 

sensor module and Arduino Uno R3 type microcontroller. 

 
Figure 5. System Electronic Design 

The system circuit diagram can be seen in Figure 6 below. 

 
Figure 6. System Circuit Diagram 

3.2. Software Design 

This research uses MATLAB software which functions to 

program hardware. MATLAB uses a high-level matrix or array 

language that can process complex programs or functions [20]. 

MATLAB has two important parts, namely the MATLAB 

editor and Simulink. The MATLAB editor functions to write 

program listings, while Simulink functions to carry out 

simulations using block diagrams [21], [22]. The author will 

monitor the ECG signal via simulink. 

 
Figure 7. Software Process Block Diagram 

3.2.1. Raw ECG Data 

 
Figure 8. Analog Input Data Block 

Raw ECG data is obtained from the AD8232 sensor module 

and processed using Arduino Uno R3 on Simulink MATLAB. 

It uses the Arduino Analog Input block to get analog data 

directly from the AD8232 sensor module device whose data is 
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acquired by Simulink. 

3.2.2. Preprocessing and Filtering 

 
Figure 9. ECG Signal Data Filtering Process 

In general, the recorded ECG signal is always contaminated 

by interference and artifacts that are in the desired frequency 

band and can manifest itself in characteristics similar to the 

ECG waveform itself. The EKG composed of many types of 

noise, including frequency noise, baseline deviation, electrode 

contact noise, internal gain noise, muscle noise, and artifacts. 

Artifacts are disturbances resulting from the movement of 

electrodes in the ECG signal. 

In order to use the information from the noise ECG signal, 

the raw ECG signal must be processed. ECG signal processing 

can be broadly divided into two phases based on preprocessing 

and filtering. This stage is used to remove or suppress noise 

from the initial ECG signal. 

This research uses low-pass filter and high-pass filter. The 

ECG signal is low-pass filtered to remove high-frequency 

noise caused by nearby electromagnetic activity. The purpose 

of a high-pass filter is to pass signals above a given frequency 

while blocking low-frequency signals caused by the interface 

of the electrode, gel, and body. The output of the 

instrumentation amplifier is passed with an active high-pass 

filter set at 0.05 Hz for accurate recording of ST waves. Its 

function is to eliminate direct current (DC) offsets caused by 

the half-cell voltage of the ECG electrodes along with other 

extraneous low-frequency noise that modulates the ECG 

signal. 

3.2.3. Filtered Output 

 
Figure 10. Heart Rate Detection Process 

The filtered ecg signal data will be used as input from the 

block to calculate the heart rate. From this signal will get the 

R peak and QRS complex. The moving average block 

functions to calculate the average value of all moving data in 

the input signal. The function of this block is as a filter for 

components with high-frequency signals and as a noise signal 

smoothing. 

 

 

 

3.2.4. R Peak Detection 

The first step in feature extraction is to find the R peak. The 

R peak has the largest amplitude compared to the peaks of 

other ECG waves. Therefore, an amplitude of 0.5 is used as a 

limit for the detection of the R peak. After knowing the 

location of the R peak, the difference between the R to R peaks 

is the distance of the R-R to the x-axis. It is the detection of 

this R peak that will produce a heartbeat by formula (1) or it 

could be with the formula below: 

Heart Rate (bpm) =
1 𝑏𝑒𝑎𝑡

∆𝑡𝑅−𝑅
𝑥

60000𝑚𝑠

1𝑚𝑖𝑛
                 (2) 

3.2.5. Heart Rate 

After all the beams are connected and calculated using 

formula (2), the result is to get the heart rate in beats per 

minute in real-time which is shown by the Simulink scope 

block. From this scope block, the user can view real-time heart 

rate during an EKG test. 

4. Result and Discussion 

This study used two different activities, normal activity and 

after exercising for five minutes to show real-time changes in 

the resulting ECG. The examination was carried out on a 21 

years old woman and the examination was sitting after the 

activity. 

4.1. Normal Activity 

It can be seen in Figure 11 that there are two ECG signal 

waves displayed on the scope, the first ECG signal wave is 

blue and the second ECG signal wave is orange. The blue 

wave shows the raw ECG signal while the orange wave shows 

the filtered ECG signal. 

 
Figure 11. Display of Raw EKG and Filtered EKG Normal Activity 

From Figure 11 we can see that orange waves are more 

stable than blue waves. Where the orange wave is the ECG 

signal after being filtered and the blue wave is the raw or pre-

filtered ECG signal. The signal that will be forwarded to 

further processing is the filtered signal shown in the figure 

below. 
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Figure 12. Display of Filtered EKG Normal Activity 

In Figure 12 the ECG signal after filtering the waves is blue 

and this is another view of the special Simulink scope only to 

display ECG signal waves after being filtered. 

 
Figure 13. Display of R Peak Detection Normal Activityy 

The filtered ECG signal will detect the R to R peak and 

produce a heartbeat as shown in Figure 14 The orange line 

shows the high amplitude of the detected R peak. 

 
Figure 14. Real-Time Heart Rate Normal Activity Display 

In normal activity, the heart rate is produced in the range of 

85 to 90 beats per minute. In the first one and a half seconds, 

there is noise due to starting the calculation from the detection 

of the R peak into the heart rate count, but after that, it is 

running normally without a hitch according to the R peak of 

the EKG wave. Noise at the beginning of the ECG signal 

always occurs due to adjustments between MATLAB 

hardware and software. 

4.2. After Exercising For Five Minutes 

The ECG signal generated after exercising for five minutes 

is shown in Figure 15 the blue wave shows the raw ECG 

signal while the orange wave shows the filtered ECG signal. 

 
Figure 15. Display of Raw EKG and Filtered EKG After Exercising 

Exercise will increase your heart rate. Therefore, the noise 

in the ECG signal also increases because the electrodes and 

body movements are still intense. Therefore this filtering 

process is very helpful for reducing noise in existing ECG 

signals. 

 
Figure 16. Display of Filtered EKG After Exercising 

From the filtered ECG signal shown in Figure 16, the peak 

R wave is obtained as shown in the image below. 

 
Figure 17. Display of R Peak Detection After Exercising 

After the R peak has been detected, the R to R peak interval 

will be obtained which will produce a real-time heart rate. 
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Figure 18. Real-Time Heart Rate Display After Exercising 

As seen in Figure 18, the resulting heart rate after 

exercising for five minutes reaches 107 to 111 beats per minute. 

This proves that when exercising, the work of the heart will 

increase. This is a normal condition because it is the body's 

natural response to provide enough oxygen by increasing 

blood flow and breathing [23]. 

Conclusion 

Real-time ECG monitoring and signal processing systems 

by the AD8232 sensor module were successfully implemented 

in this study. This study used the detection of the R peak. 

Information from the R peak is very useful for the 

classification, description, and detection of arrhythmias such 

as tachycardia and bradycardia. From this R-R peak interval, 

it can generate real-time heart rate. Changes in heart rhythm 

can be easily detected, so the calculated heart rate can be used 

to determine whether the user's heart is normal or abnormal. 

The main advantage of this monitoring and processing is that 

it takes less time for long or long ECG signals. When the 

system was tested using two activities, namely normal activity 

and after five minutes of exercise, it was found that the heart 

rate varies between 85 to 90 beats per minute during normal 

activity. Meanwhile, the heart rate after five minutes of 

exercise reaches 107 to 111 beats per minute. From this 

heartbeat, it can be concluded that normal heart performance 

is by its function. 
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