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ABSTRACT 
 
This research will focus on the creation of a simulated 
real-time ECG signal transmission Algorithm. A MATLAB 
program would be created to implement the algorithm and 
monitor the heart rate of the patient. The study focuses on the 
implementation of Electrocardiograms (ECG) through 
simulation and would receive the data through a transmitter to 
a receiver in real-time. The researchers tackled this topic 
because of its timeliness in present time society wherein most 
people neglect their physical health. The researchers will 
solve this problem through a simulation of an ECG signal 
using the Matrix Laboratory (MATLAB) software. The 
system will utilize an ECG sampled signal that was converted 
digitally so that it could be manipulated by MATLAB. An 
FSK line encoder will be used, and an additive white Gaussian 
noise will be applied to simulate real-life noise. The expected 
results will show that the simulation that will be carried out 
will create an accurate result with a good signal resolution. 
This study will prove that the MATLAB software is capable 
of transmitting and receiving ECG signals. 
 
Key words: Electrocardiograms, FSK, Signal Transmissions, 
Biomedical Systems. 
 
1. INTRODUCTION 
 
Signal transmission monitoring increasingly rises in 
popularity in the medical world [1]. Heart-related diseases, for 
example, makes use of different technological advances to 
monitor and test the patients. One monitoring tool which is 
used in general monitoring of the heart's pace is the electric 
cardiogram which reads the hearts movement through 
strategically placed electrodes throughout the body. The 
signals seen from this device allowed the person in charge like 
the doctor or the nurse to observe and analyze whether the 
heart's pace is correct. Additionally, this information could 
lead to other discoveries related to the patient's health, some 
example readings found just from an electronic cardiogram 
reader are the timing of the heartbeat, the pulse, and the heart 
strength. These machines however still make use of wired 
connections that restrict some movements for the patient, this 
restriction could result in a decrease in the comfort of the 

patient. Technology nowadays, however, introduces different 
wireless communication systems that enable transmission of 
data without the restrictions in movement. Wireless 
communications allow the use of wearable medical devices 
that enable the monitoring and diagnosis of different 
parameters found in the body while being able to freely move. 
These parameters are essential in testing and diagnosis for 
different types of patients that demand constant supervision 
and testing. Telemedicine, which takes advantage of wireless 
communications enable doctor-patient interaction from 
different locations that could be reached through different 
forms of communication. While the margin of error for this 
type of application of wireless communication must be close 
to none, the challenge for creating a real-time electric 
cardiogram involves both processing of the data and seamless 
transmission from one location to another, without any 
discrepancies to the information being sent. The transmission 
of the information is to be tackled in this paper, reviewing 
different types of transmission systems and different 
communication protocols available. 
 
2.  BACKGROUND OF THE STUDY 
 
Due to the increasing number of people suffering from health 
risks, scientists and engineers have worked on creating better 
technology to counteract these health problems. One of the 
leading causes of death has been known to be heart-related 
diseases. These include heart attacks, heart arrhythmias which 
were caused by abnormal heartbeats, dilated cardiomyopathy, 
which is caused by weak heart muscles, etc. All of which has 
led researchers to the development of Telehealth devices [2]. 
Telehealth was created when medicinal knowledge was 
combined with telecommunications. The new-found 
technology has been on the rise as it provided a cost-efficient 
means to keep track of one's health. This has paved the way 
for easier management of the patient's records and their heart 
conditions in real-time as the data would immediately be sent 
to the system's database [3]. Research has already been made 
on multi-hopping network systems that utilized a wireless 
body area network. This utilized sensors that were attached to 
the human body to seamlessly send data to the receiver. It was 
stated in studies that this type of network was found to be 
suitable for implementation in hospitals [4]. The doctors and 
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physicians would have access to the data of their patients and 
could use that information for regular monitoring. The 
implementation of this network on hospitals allowed the 
doctors to minimize unnecessary check-ups for already 
healthy bodies, and their time would be devoted to those who 
needed to be treated. Additionally, this process would reduce 
the unnecessary spending on monthly or yearly check-ups 
because the doctors would be able to monitor the said patient 
through the network. If any irregularities appeared in the data 
that was sent by the transceiver, then the doctor would inform 
the patient to come to the hospital for a check-up or if it were 
necessary surgery. 
 
3.  STATEMENT OF THE PROBLEM 
 
Cardiovascular diseases are the cause of 17 million deaths a 
year [5]. The introduction of the electrocardiogram (ECG) 
played an important role in the prevention, diagnosis of the 
abnormality of patients, and rescue of heart disease. The 
technology has proven useful, saving countless lives since its 
development. However, there is often a restriction to the 
access of such technology especially in remote locations [6]. 
The wireless communication of ECG signals is the 
key-problem to resolve for in the problem of the remote 
diagnosis and monitoring of cardiovascular diseases. 

4. SIGNIFICANCE OF THE STUDY 

The study of portable electronic systems has increased due to 
the development of wireless communication devices, 
battery-powered biomedical devices, and consumer 
electronics. These fields of research allow the betterment and 
the advancement of the medical field; consequently, resulting 
in more lives being saved per day [7]. One of the main 
electronic devices commonly used in the hospital 
environment involved in the capture of the heart pulses and 
the different movements found in the heart is called the 
electrocardiogram. This device, which could potentially 
monitor different illnesses impossible to diagnose with the 
human eye, allowed hospital personnel to monitor different 
types of cases found in different patients; some examples 
include inflammation of the heart, un-synced pulse, increased 
heart rate, and many more. The study on this device ensures a 
better, seamless, use of this device in both rural and urban 
areas. However, this device has still relied on the 
doctor-patient interaction face to face, this is due to how this 
machine depends on different types of sensitive sensors that 
require the patients to be attached to the machine. This 
mechanic of this device makes this device hard to test 
different patients at the same time since the electrodes must be 
attached while keeping the patient still. The proposed 
real-time ECG monitor, however, enables the doctor-patient 
interaction to extend the bounds of one visit or estimate on the 
patient's health; rather enables the observation of the patient 
while doing different tasks. Also, with the current 
advancements found in today's society, it could be possible to 
monitor and diagnose patients without being in the hospital 

area. This possibility inclined the researchers to investigate 
the possibility of real-time electrocardiogram signal 
transmission and what it takes to enable a convenient way to 
allow a better patient-doctor interaction. Finally, this study 
would allow faster diagnosis between patient and doctor 
because of how the real-time ECG signals would be able to 
reach the doctor ideally instantaneously.  

5. OBJECTIVES OF THE STUDY 
5.1. General Objective 

To develop an Algorithm that will monitor Real-Time ECG 
Signal Transmission. 

5.2. Specific Objective 
1) To utilize a MATLAB Simulation model of sampled ECG 
Signals 
2) To transmit the coded data using FSK Transmission 
3) To test the variable signal to noise ratio (SNR) of the 
system. 

6. DESCRIPTION OF THE STUDY 

The proposed system utilizes a MATLAB simulation of a 
sampled ECG signal with uniformly distributed measurement 
noise which is then converted in real-time into 8-bit digital 
data using pulse code modulation (PCM). The coded data was 
then transmitted using a simulated unipolar line coded FSK 
scheme. The proposed system also accounts for real-world 
channel noise via the addition of additive white Gaussian 
noise (AWGN) of the variable signal-to-noise ratio (SNR). At 
the receiver, the digital data were reconverted to an analog 
signal. 

7. METHODOLOGY 

The researchers utilized the DSP System Toolbox of 
MATLAB which contains an ECG signal simulator. The 
output of this simulator was configured to have a sampling 
frequency of 360 Hz, 5 µV of additive uniformly distributed 
measurement noise, and a mean heart rate of 70 bpm. This 
signal was sent through a simulated low-pass filter with a 
cut-off frequency of 100 Hz. Then, the signal was amplified 
using a multiplication process (equivalent to an 
instrumentation amplifier). Alternatively, a real ECG signal 
may be used. 

The signal was then pulse-code modulated using 8 bits (256 
quantization levels) at a sampling rate of 100 Hz. This 
resulted in an 800 Hz digital signal. Finally, the PCM signal 
was used as the input to a 433 MHz FSK scheme, with an 
AWGN signal-to-noise ratio of 10 dB, to a standard radio 
whip antenna. A simulated receiver decodes the output. 

8. REVIEW OF RELATED LITERATURE 
8.1. Electrocardiograms 



Aaron Don M. Africa et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4485 - 4491 

4487 
 

 

To improve the capability of methods to diagnose, a group of 
researchers was able to focus on the utilization of 
high-resolution electrocardiography spectral methods. They 
applied the electrocardiography spectral methods in terms of 
analyzing the variability of cardiac cycle spectral analysis 
results [8]. To implement their work, the researchers proposed 
a method wherein they initially start with a single dimension 
analysis of the heart rate variability, similar to that in [9]. That 
one-dimensional analysis was meant to target the cardiac 
cycle duration [10]. They then wanted to move onto a 
multidimensional cardiac parameter analysis. Their 
multidimensional cardiac parameter analysis was meant to 
target the location and overall shape or form of the cardiac 
cycle’s peaks. 

To prevent, detect, and diagnose cardiovascular diseases at an 
earlier stage, automatic arrhythmia detection from 
electrocardiograms have been seen as a pertinent method [11]. 
More specifically, another method that has proven to be a 
good solution in terms of simplifying and making signals 
more immune to noise was the convolutional neural network 
[12]. The convolutional neural network was seen to be more 
superior in those categories compared to the traditional and 
widely commercialized multi-class arrhythmia classification 
methods. Even so, the convolutional neural network was 
unable to accept different electrocardiogram signal lengths, 
did not consider the electrocardiogram’s temporal focus well 
enough, and could barely detect paroxysmal arrhythmias [13]. 
With all those mentioned problems in terms of the 
convolutional neural network, the researchers came up with 
the idea to create a convolutional neural network based on 
attention and were incremented in time. Their version was 
seen to be a deep neural network model that could both 
temporally and spatially fuse information from the 
electrocardiogram signals through the implementation of the 
convolutional neural network, attention module, and recurrent 
cells. In comparison to the regular model, the convolutional 
neural network of the researchers allowed for more flexible 
length in terms of input, cut the parameter amount into half, 
and also reduced computation by more than 90% in real-time 
processing. With all the great features, the Attention-based 
Time-Incremental Convolutional Neural Network allowed all 
varied length signal processing problems to be exemplified. 

With architecture taken from attention modules given, the 
researchers aimed to make the capability to interpret a 
convolutional neural network much better and understandable 
[14]. Their process was tested on an electrocardiogram 
classification test. Generally, their modules initially created 
masks capable of selecting a specific set of features to come 
up with the final prediction. Moreover, through the 
visualization of those masks, the important decision-making 
areas of the signal were seen much easier. Their model was 
trained on their respective logarithmic spectrograms and also 
their raw signals [15]. Furthermore, in terms of the raw 
signals, the maps that were generated were not able to perform 
any significant feature map filtering. On the other hand, in 
terms of spectrograms, it was easier to see and interpret masks 
for arrhythmic parts and noise reduction [16]. 

To effectively treat cardiovascular diseases, 
electrocardiograph monitoring has proven itself to be one of 
the best possible methods [17]. Electrocardiographs were 
specifically able to detect the leading cause of death all over 
the world, cardiovascular diseases, automatically. The 
researchers have worked on techniques to extract features and 
compare their respective performances in Myocardial 
Infarction, Atrial Fibrillation, and Pericarditis detection 
[18,19,20]. Feature learning has always been one of the major 
difficulties in classifying electrocardiograms therefore, they 
split it into linear and nonlinear features, deep learning, and 
wavelet transform. Their research was carried out with the 
PhysioNet database to analyze how effective their various 
feature extraction methods were. Their Pericarditis and 
Myocardial Infarction classification required information 
theory-based specialties. Specifically, permutation and 
approximate entropy, and subband energy were only a few of 
their remarkable features [21]. Their detection study of the 
mentioned methods utilizing machine learning displayed 
promising yields and showed a 92.04% sensitivity level. In 
terms of their algorithm for Atrial Fibrillation detection, they 
utilized statistic, morphology, and spectral features, along 
with wavelet entropy, which consequently proved itself to be 
specific by 93%, accurate by 94.1%, and sensitive by 96% 
[22,23]. 

To estimate blood pressure using features taken from 
electrocardiogram and photoplethysmogram signals, a 
non-invasive method was created [24,25]. Through machine 
learning specifically, artificial neural networks, their 
non-invasive method was meant to estimate blood pressures 
[26,27,28]. Initially, they conducted their experiment on a real 
data set of more than 2,000 electrocardiogram, blood 
pressures, and photoplethysmogram signals from patients of 
various hospitals within the years 2001 up to 2008. More than 
the usual features, they aimed to utilize a cross-validation 
method between features to allow for a more robust, accurate, 
and reliable estimation of the signals and pressures without 
calibration. Moreover, in comparison to previous works, their 
results proved to be more accurate in systolic pressure 
movements. They aimed to improve their results by raising 
the number of training samples. 
 
8.2. Signal Transmission 

In all communication systems, the transmission of signals to 
the receiver from the transmitter has been made possible by 
digital modulation techniques [29]. The performance of those 
digital modulation techniques and systems was seen to be the 
most critical characteristic and a factor behind the success of 
achieving the best output from the whole communication 
process[30,31,32]. There were numerous digital modulation 
schemes, but the most important ones were binary and 
multilevel carrier digital modulations. Those schemes 
included amplitude shift keying, phase-shift keying, 
frequency-shift keying, differential phase-shift keying, 
quadrature amplitude modulation, quadrature phase-shift 
keying, differential quadrature phase-shift keying, offset 
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quadrature phase-shift keying and system optimization 
schemes [33,34,35]. Those modulation schemes were 
important due to their role in the implementation of modern 
communications systems [36,37]. The researchers analyzed 
the quadrature phase-shift keying, differential quadrature 
phase-shift keying, and offset quadrature phase-shift keying 
principles. They consequently implemented it through the 
Matrix Laboratory simulations to compare the performance in 
terms of bit error rate, additive white Gaussian noise, 
Rayleigh, and Rician fading channels. 

9. THEORETICAL CONSIDERATIONS 

The useful bandwidth of an ECG signal is often less than 100 
Hz, but sometimes it can reach up to 1 kHz [38]. It is generally 
around 1 mV peak-to-peak in the presence of much larger 
external high-frequency noise, 50 or 60 Hz interference, and 
DC electrode offset potential. It is necessary to consider that 
the transmitter/receiver pair must be capable of 
communicating at such low frequencies with minimal losses. 

Most of the clinically useful information in the ECG is found 
in the intervals and amplitudes defined by its features 
(characteristic wave peaks, frequency components, and time 
duration) [39]. Because of the physiological variability of the 
QRS complex and various types of noise present in the real 
ECG signal, it is challenging to accurately detect the QRS 
complex. The Noise sources that corrupt the raw ECG signals 
include; Power line interference, muscle noise, and artifacts 
due to electrode motion [40]. 
 
10. DATA AND RESULTS 
 
A MATLAB program was utilized to gather the results of the 
research. Figure 1 shows the analog signal, quantized signal, 
and the 30db SNR quantized signal. Figure 2 shows the 
encoded signal and the demodulated signal with the applied 
AWGN to account for the noises in real life. 
 

 
 

Figure 1: Analog and Quantized Signals 

 
 

Figure 2: Encoded and Demodulated Signals 
 

 
11. ANALYSIS OF DATA 
 
Because of the use of an FSK modulating scheme, it was 
found that the proposed system achieves its goal of real-time 
transmission and reception of ECG signals. Although the 
MATLAB simulation requires some processing time, the 
system may be implemented using analog circuits. The 
acquisition of the ECG signal is often done using proprietary 
equipment, which introduces no delay. The low-pass filter 
following the acquisition portion introduces a negligible delay 
that corresponds to a less than 180-degree phase shift if 
implemented using RC components. The amplifier may be 
implemented using operational amplifiers, which introduce 
negligible delay. The pulse code modulator outputs evenly 
spaced samples in time. Finally, the FSK receiver and 
demodulator, when implemented analogically, introduce no 
delay. The transmission of radio signals through any medium 
does see some delay due to the distance between the 
transmitter and receiver; however, this cannot be avoided in 
most systems. 
 
It was found that the received and demodulated ECG signal 
may be deemed a faithful reproduction of the transmitted 
signal. The use of 256 levels of quantization allowed for 
sufficient signal resolution. Also, PCM sampling the input 
ECG signal at 100 Hz resulted in a transmitted digital signal 
whose bit frequency of 800 Hz is not rejected by any stray 
filtering at the receiving end, as well as the elimination of any 
aliasing due to sampling. 
 
The AWGN that was added in the simulated transmitter 
channel did not affect the received FSK signal. However, it 
was found that the simulated additive uniformly distributed 
measurement noise remained present in the signal. As a future 
scope, either the transmitter or the receiver may be modified 
to filter this noise, with the feasibility and practicality of each 
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case evaluated. It was clear that the code that was developed 
in MATLAB is capable of acquiring, transmitting, receiving, 
and decoding raw ECG signals. 
 
12.CONCLUSION 
 
In this research, it was found that with the use of a 
Frequency-shift keying modulating scheme, the signal that 
came from the electrocardiogram was able to achieve a 
real-time transmission and reception. The use of different 
techniques like low pass filtering the signal as well as 
phase-shifting the signal introduced delays that would not 
only cause the simulation to display a shifted output but also 
display the signal with a cleaner curve, that would follow the 
original input signal. Besides, the added signal processing 
steps compensate for the received signals noise interference 
that would normally be found when operating the ECG 
machine. Also, the use of an added white Gaussian noise 
enabled the researchers to test the different parameters used in 
this project. The quantization level that was chosen was 256 
levels, this quantization level allowed the signal resolution to 
be clear while enabling the signal to be close to the original 
input signal. The other parameters that were set on this project 
allowed the receiver to accept the correct signal without 
incorrect filtering. Hence, one solution found by the 
researchers to achieve real-time transmission from the ECG 
machine to the receiver was with the use of analog circuit 
implementation of FSK receivers in the form of resistive and 
capacitive components. In conclusion, the project paper was 
able to achieve a real-time transmission model with the use of 
different modulating schemes as well as filtering methods that 
allow fast processing. These signal processing methods, while 
transformed the input signal to become a cleaner signal, were 
able to consider the effect of signal transformation, to achieve 
a fast transition method. Finally, the project design that was 
presented in this paper was a simulation of what should be 
reproduced as an analog circuit, to be able to achieve the 
real-time transmission goal. 
 
 
13.RECOMMENDATIONS 
 
To further improve the study, the researchers suggest that 
future analysts test different ECG signals. The study only 
utilized a signal that had uniformly distributed noise. It would 
have been better if future studies tested if there were noise 
interferences at different points of the signal. This way, the 
accuracy of the simulations could be tested and improved. 
Furthermore, the researchers could also try to obtain an ECG 
signal that originated from an actual patient. That way, this 
study could be utilized by those in the medical field due to its 
usefulness. Another recommendation would be the 
simplification of the code. Others may be able to find a better 
way to write the code which would be able to provide a faster 
and more efficient output. The MATLAB simulation was 
found to have some delay since the run-time took quite a bit of 
time to process the data. Creating a better code would reduce 
this delay and would make the simulation real-time. 
Moreover, if the researchers would like to carry out the study 

of the simulation, the creation of a hardware device would be 
beneficial. They could create a working ECG device that 
would be able to transmit and receive data from one point to 
another. Through this implementation, the simulation's results 
could be corroborated. A comparison study could be done to 
see if the simulation results would vary from the hardware's 
results. If there were any notable differences, the simulation 
must be improved once more. If the data from the hardware 
and software were found to be similar, then the ECG device 
could be mass-produced for patients to use to transmit their 
biomedical data to the doctor in real-time. This could be 
useful because if there were any irregularities in the patient's 
ECG, the doctor would be able to see these immediately and 
could dispatch an ambulance the moment the patient 
experiences a heart-related problem. 
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