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ABSTRACT

Cardiovascular diseases are still one of the main causes of illness and death all over the world, which means that it is
important to carry out continuous and reliable monitoring of the heart's electrical activity if an early evaluation of heart
health is to be made. Electrocardiography (ECQ) is one of the most commonly used non-invasive methods for record-
ing the electrical activity of the heart and for detecting changes in heart rate and in the shape of the waveform. On the
other hand, the conventional ECG monitoring equipment used in hospitals and diagnostic centres is generally rather
expensive, bulky, and not very appropriate for use in portable or continuous monitoring situations. The paper describes
the design and implementation of an ECG monitoring system that is low-cost, portable, and capable of real-time oper-
ation, the system making use of an Arduino UNO microcontroller and an AD8232 ECG sensor module. It obtains the
cardiac electrical signals from the human body by means of disposable surface electrodes which are placed at suitable
positions on the body. The weak biopotential signals picked up by the electrodes are fed into the AD8232 module,
where they are conditioned by means of amplification and filtering in order to enhance the quality of the acquired ECG
waveform and reduce the effect of noise, motion artifacts, and other undesirable signal components. The conditioned
analog output from the AD8232 is then connected to the analog input of the Arduino UNO, where it is sampled and
converted into a digital form for real-time monitoring. The ECG signal obtained can be displayed using a computer-
based serial monitoring interface, allowing the characteristic changes in the cardiac waveform to be observed. The
prototype suggested highlights simplicity, portability, affordability, and ease of implementation, and offers an effective
means of carrying out real-time acquisition of cardiac signals. The system shows that it is possible to combine bio-
medical sensors with low-cost embedded technology for use in ECG monitoring. The platform could be improved by
adding functions such as heart-rate estimation, automated extraction of ECG features, detection of abnormalities,
wireless transmission of data, cloud-based monitoring, and classification of cardiac diseases using machine learning.
Thus, the proposed system forms a practical basis for educational purposes in biomedical instrumentation, for initial
cardiac monitoring, for portable healthcare applications, and for future remote patient monitoring systems.
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INTRODUCTION: Willem Einthoven at the beginning of the 20th cen-

) ) tury. He presented the string galvanometer in 1901, an
The history of Electrocardiography (ECG) dates back

to the late 18th century when Luigi Galvani discov-
ered that living organisms produce internal electrical
currents by experimenting with muscle contractions.
In 1887, British physiologist Augustus D. Waller
managed to record the world’s first ever human elec-

invention allowing to amplify cardiac biopotentials
through a sensitive circuit without loss of details.
Einthoven also introduced the universal P-Q-R-S-T
wave nomenclature and laid a fundament for a three-
lead system by establishing Einthoven’s Triangle.

During the 1930s and 1940s, the 12-lead ECG was
developed by clinicians and researchers who wanted
to perfect localized heart potential diagnostics. Leads
V1-V6 were attached to the patient’s chest while three
additional aVR, aVL and aVF augmented unipolar
limb leads were invented by Emanuel Goldberger. All
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trocardiogram using ground glass capillary electrom-
eter with two electrodes attached to a subject’s legs.
However, the ECG apparatuses used for the modern
examination were pioneered by Dutch physiologist
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of them were integrated into the 12-Lead ECG Appa-
ratus which was used as the clinical standard for
decades. Then, in the middle of the last century, a new
chapter in the history of ECG devices was opened by
Norman Holter who introduced a 24-hour ECG mon-
itoring method using a portable recorder. Such appa-
ratuses were lightweight and easy to carry because of
replacing vacuum tubes with miniature but powerful
transistors. After the Analog ECG Signal is amplified
and filtered, it is sent directly to the Analog input pin
of the Arduino UNO microcontroller. The latter is the
central processing unit of the whole system. Being a
10-bit ADC (Analog to Digital Converter), the mi-
crocontroller samples the incoming continuous volt-
age signal and transforms it into discrete bits. Then,
an embedded algorithm tracks all prominent voltage
variations to identify R-peaks of a cardiac Sine
Waveform. It means that the microcontroller mea-
sures the R”-R intervals of a sinus rhythm and calcu-
lates the patient’s real-time Heart Rate (BPM) which
is compared to the previously set thresholds:
“NORMAL” or not. Fig. 1 shows the ECG Wave-
form.

Q
S

Figure 1: ECG Waveform

The main purpose of your proposed ECG system is to
provide an affordable, compact, and real-time proto-
type for continuous cardiac monitoring without rely-
ing on bulky or expensive clinical equipment. Your
system uses patient ECG electrodes connected to an
AD8232 sensor module, which acts as an analog
front-end to capture weak biopotential signals from
the heart, amplify them, and filter out unwanted elec-
tromagnetic noise and motion artifacts to provide a
clean analog signal, which is then fed into an Arduino
UNO, which processes the incoming voltage and
calculates the heart rate in beats per minute (BPM)
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and evaluates the operational status of the patient's
heart rhythm.

To provide versatile data delivery, the system pro-
vides a dual-output interface for immediate reading
and detailed waveform analysis. A local 16x2 LCD
display powered by a regulated 5V power supply
displays direct numeric updates of the calculated heart
rate and status for quick point-of-care assessment. A
USB serial connection is used to stream continuous
real-time data to a laptop, where the Arduino IDE
Serial Monitor and Plotter render the live P-Q-R-S-T
ECG waveforms. In the end, your design demon-
strates how one can combine integrated biomedical
sensors and accessible microcontrollers to create an
effective low-cost solution for vital signs tracking,
educational instrumentation, and remote patient
monitoring. Cardiovascular diseases remain one of
the leading causes of global mortality, requiring con-
tinuous and early detection through electrocardiogram
(ECG) monitoring. However, traditional clinical
electrocardiographs are often expensive, bulky, and
stationary, limiting their availability primarily to for-
mal healthcare facilities and limiting access in low-
resource or remote point-of-care environments.

Furthermore, the raw biopotential signals captured
from skin surface electrodes are extremely weak and
susceptible to high levels of electromagnetic noise
from power lines and patient motion artifacts. Exist-
ing low-cost embedded monitoring solutions fre-
quently present a major design trade-off, as they either
display only numeric heart rates on a small screen,
losing critical P-Q-R-S-T wave morphology required
for diagnostic analysis, or rely entirely on an external
computer for graphical plotting, which eliminates
standalone field operation. There is then a need for a
compact, low-cost, and dual-interface ECG monitor-
ing system that utilizes an AD8232 analog front-end
to filter noise and condition biopotential signals, an
Arduino UNO to process digitized data, a 16x2 LCD
display to provide immediate standalone numeric
feedback (Heart Rate in BPM and Status), and a USB
serial connection to stream real-time continuous ECG
waveforms to a PC for detailed visual analysis.

This study describes the design and implementation
of a portable, low-cost single-lead (Lead 1) ECG
monitoring system using an AD8232 sensor module
and Arduino UNO microcontroller. The proposed
design emphasizes acquiring biopotentials using sur-
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face electrodes, filtering baseline distortions, digitiz-
ing the signal, and calculating the real-time heart rate
(BPM). The data are visualized locally using a 16 x 2
character LCD screen to provide textual status up-
dates and a USB serial cable to view the live stream-
ing of the P-Q-R-S-T waves on a PC. Advanced multi-
lead (12-Lead) diagnostic capabilities, cloud connec-
tivity, and medical device certification are beyond the
scope of this project’s prototype.

LITERATURE SURVEY:

Pan and Tompkins et al. described a real-time QRS-
detection algorithm for ECG signal. The main contri-
bution was to enable accurate recognition of the QRS
complex in order to determine the cardiac rhythm and
heart rate. Their work introduced a series of signal-
processing techniques including filtering, differentia-
tion, squaring, moving-window integration, and
adaptive thresholding. This study has made a signifi-
cant contribution to the field of real-time ECG-signal
processing and heart-rate detection.

Guedes et al. proposed a portable system based on an
Arduino UNO and an AD8232 ECG sensor module
for monitoring of the cardiac physiological signals.
Their work was centered around acquiring the ECG
signals from the electrodes and processing the signal
using a low-cost embedded processing unit. The study
demonstrated that Arduino-based hardware in com-
bination with AD8232 ECG sensor could offer a vi-
able option for ECG monitoring. A similar Arduino-
based portable ECG monitor was described by Nissa
et al.. The study concentrated on the use of an ECG
sensor for acquiring and monitoring of the cardiac
signals. The presented system emphasized on the
portability of the system, low cost of implementation
and real-time observation of the ECG signal. Their
work showed that Arduino-based platforms could be
viable for development of portable biomedical moni-
toring devices and form a baseline for developing
portable ECG systems.

Hasini et al. presented a real-time ECG monitoring
system based on an ADS8232 sensor and Arduino
UNO. Their system focused on acquiring of the ECG
signals and processing the sensor output for monitor-
ing the cardiac waveform in real time. The work
demonstrated the possible integration of an AD8232
ECG sensor with microcontroller for biomedical sig-
nal monitoring. In addition, the study showed that
low-cost embedded systems could be viable for ECG
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applications. Kamga et al. discussed the application of
wearable ECG devices in clinical settings. The work
described potential benefits of using wearable tech-
nologies for monitoring of the cardiac functions. The
review suggested that portable technologies offer new
opportunities for detection of the cardiac abnormali-
ties outside the traditional hospital environment.

Bouzid et al. reviewed the state-of-the-art of remote
and wearable ECG devices with diagnostic potential
in adults. This review paper discussed the develop-
ment of wearable ECG devices and their potential in
remote cardiac monitoring. The authors highlighted
the importance of continuous ECG acquisition and
reliable signal quality for detection of cardiac abnor-
malities. Their review provided an insight into the
current trends of using portable ECG devices in
modern healthcare field. Alugubelli et al. reviewed
wearable devices used in remote monitoring of heart
rate and heart-rate variability. The work discussed the
state-of-the-art of wearable-sensing technologies for
continuous physiological monitoring. Their review
demonstrated the potential of wearable devices for
remote collection of cardiac information.

Ansari et al. presented an overview of deep-learning
techniques for ECG arrhythmia-detection and classi-
fication. This work focused on different deep-learning
algorithms in relation to ECG preprocessing, feature
extraction and detection of the cardiac arrhythmias.
The authors highlighted the potential of deep learning
and its impact on the field of cardiac monitoring.
However, they also identified potential limitations
with regard to the quality and size of data sets; com-
putational requirements; model generalization; and
clinical validation. Hong et al. [9] performed a sys-
tematic review of deep-learning based ECG arrhyth-
mia classification techniques. The review article
discussed the use of convolutional neural networks
and other deep-learning algorithms for detection of
different types of cardiac arrhythmias. The manu-
script demonstrated that deep-learning approaches
could provide a reliable solution for automated anal-
ysis of the ECG recordings. However, it is necessary
to ensure adequate dataset quality and sufficient
computational resources.

Hannun et al. presented a deep neural network for
detection and classification of the cardiac arrhythmias
from ambulatory recordings. The study demonstrated
that deep-learning approaches could offer exceptional
performance in terms of automated analysis of the
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ECG recordings. In particular, the manuscript showed
that training the deep neural network on large scale
ECG data could offer a powerful tool for cardiac-
rhythm analysis. This work provided an insight into
the potential of artificial intelligence in healthcare-
related ECG monitoring applications. Rajpurkar et al.
proposed a convolutional neural network approach for
automatic detection of the arrhythmias from ECG
signals. The work demonstrated that with appropriate
signal-preprocessing, deep-learning algorithms could
be trained for automated recognition of various types
of cardiac arrhythmias.

Acharya et al. investigated the potential of using deep
learning techniques for automatic detection of the
arrhythmias from ECG signals. This study concen-
trated on identification of the abnormal cardiac pat-
terns automatically through computational analysis of
the ECG recordings. Alfaras et al. proposed a fast
machine-learning model for classification of the
heartbeat from ECG. The study aimed at reducing the
computational requirements of the ECG classification
algorithm while ensuring acceptable levels of accu-
racy. The manuscript demonstrated that a relatively
light-weighted machine-learning approach could be
viable for real-time cardiac monitoring.

Han et al. investigated robustness of the deep-learning
algorithms for ECG analysis against adversarial at-
tacks. The work demonstrated that the deep-learning
methods could offer high-performing ECG-analysis
solutions. The manuscript discussed the importance of
ensuring safe deployment of the deep learning algo-
rithms for ECG monitoring. In this regard, appropri-
ate validation procedures should be implemented to
address the issues of adversarial attacks and model
robustness. Ribeiro et al. discussed the use of the
quantized deep neural networks for real-time ECG

arrhythmia monitoring on low-power devices. The
work aimed at reducing the computational require-
ments of the neural networks to ensure real-time ECG
arrhythmia monitoring. The study demonstrated the
possibility of implementing smart ECG monitoring
systems on low-power embedded devices.

METHODOLOGY:

The proposed Electrocardiogram (ECG) monitoring
system is an economical state-of-the-art biopotential
biosensing instrumentation system intended for real-
time acquisition, conditioning, processing, and
graphic display of the cardiac bioelectric signals using
an embedded system. The system is an affordable
bedside solution that acquires heart beats, processes
and stores them as numerical digitized electrical
voltages for display of textual vital statistics and
graphical electrocardiogram (ECG). Figure 1 below
shows Real-Time ECG Monitoring Using Embedded
System

The power supply design is the first level of this sys-
tem’s schematic diagram, whose primary function is
to provide a stable voltage to the entire active elec-
tronics circuitry. The system uses the standard 230V
AC 50Hz commercial power supply as an input. A 5V
DC Power Adapter or USB Power Supply is used to
step down and regulate the power to 5V DC suitable
for powering the sensitive on-board micro-controller
circuitry and other low-power electronics. This power
supply provides 5V DC power to the main microcon-
troller, which is the Arduino UNO microcontroller
board (5V DC), 16x2 Character LCD Display (5V
DC), and the required regulated supply voltage
(3.3V-5V DC) for the AD8232 ECG Sensor Module.
Fig. 2 illustrates Real-Time Cardiac Signal Monitor-
ing and BPM Detection Using Embedded System

5V DC
Power Supply | 5V DC Adapter
(230v AC) (USB Supply)
5vDC v 16x2 LCD Display
A4
Patient ECG - AD8232 > Arduino UNO
Electrodes "| Sensor Module
»| Laptop / Arduino IDE

Figure 2: Real-Time Cardiac Signal Monitoring and BPM Detection Using Embedded System
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The primary interface comprises conductive Patient
ECG Electrodes positioned on the patient’s skin,
which are connected to the ECG Sensor in a single-
lead configuration to detect the cardiac vector. Raw
biopotential signals from the human body are typi-
cally very weak (in the order of millivolts or micro-
volts) and consequently, they are extremely sensitive
to external interference. The raw Analog ECG Signal
is then passed to the AD8232 ECG Sensor Module,
which is essentially an Analog Front-End (AFE) in-
tegrated circuit. The AD8232 houses an internal in-
strumentation amplifier and a number of active
operational amplifiers (configured as high-pass and
low-pass filters). The conditioned signal is then am-
plified (to counteract the attenuation of the weak bio-
signal) and Common-Mode noise, movement arti-
facts, baseline wander and 50Hz power-line interfer-
ence are rejected.

RESULTS AND DISCUSSION:

The given ECG waveform of output 1 over a 10-sec-
ond period. The ECG has a regular cardiac pattern
with visible R-peaks. The P-wave, QRS complex, and
T-wave are present and are seen for each heart beat.
The amplitudes of the R-peak appear almost the same
throughout the waveform, signifying that the heart-
beat is regular during the recording. The waveforms’
amplitude peaks at approximately 0.9-0.95 mV for the
prominent R-peaks and is close to the baseline for
other waves. The ECG pattern is regular and signifies

that the system is able to record and display the car-
diac electrical signal for further processing and dis-
playing real-time BPM results. Figure 3 shows
Normal ECG signal output 1

Ampltude (mV)

(o] 2

4 6
Time (seconds)

Figure 3: Normal ECG Signal Output 1

The ECG waveform of output 2 appears to be a regu-
lar cardiac pattern over the 10-second period under
consideration. It is possible to notice prominent R-
peaks that appear almost at the same interval in the
ECG signal for this patient. The ECG waveform has
all the typical features of the cardiac cycle, including
P-wave, QRS complex, and T-wave. The amplitude of
the R-peak is about 0.9 — 1 mV, while the other waves

1

seem close to the baseline, which is characteristic of a
normal heartbeat. Overall, the waveform observed
from output 2 is normal, and it can be used to estimate
the heart rate in beats per minute. In this case, the
embedded system can process the signal to provide
information about the heartbeat in real time. Figure 4:
below presents a Normal ECG signal output 2.
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Figure 4: Normal ECG Signal Output 2

The ECG waveform of output 3 over a 10-second
interval shows a regular and repeating cardiac pattern.
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The prominent R-peaks occur at nearly uniform in-

tervals, indicating a relatively stable cardiac rhythm
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during the observation period. The waveform exhibits
the characteristic P-wave, QRS complex, and T-wave
components of the cardiac cycle. The R-peak ampli-
tude reaches approximately 0.9-0.95 mV, while the
signal remains close to the baseline between succes-
sive heartbeats. The clear and consistent waveform

1

pattern demonstrates successful ECG signal acquisi-
tion and provides a suitable signal for BPM calcula-
tion and real-time cardiac monitoring. Figure 5
Normal ECG signal output 3
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Figure 5: Normal ECG Signal Output 3

The ECG waveform of output 4 over a 10-second
interval shows a noticeably higher frequency of car-
diac cycles compared with the normal ECG record-
ings. The R-peaks occur at shorter and more frequent
intervals, indicating an elevated heart rate during the
observation period. The characteristic ECG waveform
components are visible, with prominent R-peaks
reaching approximately 0.9-0.95 mV. The increased

number of R-peaks within the same 10-second dura-
tion demonstrates the higher cardiac rate. This result
shows that the proposed system can capture variations
in cardiac rhythm and provides an ECG signal suitable
for BPM detection and real-time monitoring of ele-
vated heart rate conditions. Figure 6 shows Abnormal
ECG signal Output 4.
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Figure 6: Abnormal ECG Signal Output 4

The ECG waveform of output 5 over a 10-second
interval shows a lower frequency of cardiac cycles
compared with the normal ECG recordings. The R-
peaks are separated by relatively larger time intervals,
indicating a reduced heart rate during the observation
period. The characteristic P-wave, QRS complex, and
T-wave components can be observed in the wave-
form. The prominent R-peaks reach approximately
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0.9-1.0 mV, while the signal remains close to the
baseline between successive cardiac cycles. The re-
duced number of R-peaks within the 10-second
recording indicates a lower cardiac rate. This result
demonstrates the capability of the proposed system to
acquire ECG signals with different heart-rate condi-
tions and provides a suitable basis for BPM detection
and real-time cardiac monitoring.
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Figure 7: Abnormal ECG Signal Output 5

CONCLUSION:

The proposed Real-Time Cardiac Signal Monitoring
and BPM Detection Using an Embedded System was
a great success as a proof of concept of the viability
of using low-cost embedded technology for real-time
ECG monitoring. The design is built around the pa-
tient’s ECG electrodes, the AD8232 ECG sensor
module, and the Arduino UNO which condition and
process the given data. The ECG waves obtained from
the two different patient readings are seen, with the
variations in the R-peak being used to indicate differ-
ent heart rates, such as normal, high, and low heart
rates. The system can be used for real-time cardiac
monitoring while also providing BPM detection and
portable, low-cost cardiac surveillance. The devel-
oped prototype can be utilized in a multitude of dif-
ferent areas, such as biomedical instrumentation,
educational purposes, introductory cardiac monitor-
ing, and portable healthcare technology. The obtained
results are a display of the potential of the given con-
cept, with the AD8232 sensor and Arduino UNO
microcontroller being an appropriate solution for low-
cost and low-complexity ECG acquisition. While the
given design is only a part of a larger system that
would be used for monitoring, it can be integrated
later with more complex technologies, such as wire-
less transmission and cloud-based data processing.
Furthermore, the system can have additional features,
such as advanced ECG analysis, arrhythmia detection,
and the use of machine learning for cardiac abnor-
mality classification to be implemented.

REFERENCES

1. J. Pan and W. J. Tompkins, “A real-time QRS
detection algorithm,” [EEE Transactions on
Biomedical Engineering, vol. BME-32, no. 3, pp.
230-236, Mar. 1985, doi:  10.1109/
TBME.1985.325532.

2. P.M. L. Guedes, R. S. dos Santos Cantuaria, W.
dos Santos Favacho, L. dos Santos Silva Lima,

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

A. Vieira Costa, M. F. S. Dias, D. Y. da Pureza,
A. A. D. Alberto, and W. Materko, “A portable
ECG monitor based on Arduino-Uno with
AD8232 board in monitoring the cardiac physi-
ological system,” International Journal of De-
velopment Research, vol. 12, Art. no. 24072,
2022.

H. Nissa, A. S. Rachman, and A. S. M. Al, “De-
sign of Arduino based portable electrocardio-
gram (ECG) monitoring device,” TESLA: Jurnal
Teknik Elektro, vol. 26, no. 1, 2024, doi:
10.24912/tesla.v2611.29356.

B. A. V. N. Hasini, M. Varun, N. V. S. Sanjana,
A. S. Keerthi, S. M. D. Somayajula, and G. Ra-
maswamy, ‘“Real-time ECG monitoring system
using AD8232 sensor and Arduino UNO for
biomedical applications,” in Proc. Ist Int. Conf.
Research and Development in Information,
Communication, and Computing Technologies
(ICRDICCT), vol. 3, 2025, pp. 113-118, doi:
10.5220/0013892900004919.

P. Kamga, R. Mostafa, and S. Zafar, “The use of
wearable ECG devices in the clinical setting: A
review,” Current Emergency and Hospital
Medicine Reports, vol. 10, no. 3, pp. 67-72,
2022, doi: 10.1007/s40138-022-00248-x.

S. Maria Seraphin Sujitha, S. Subiramoniyan - J.
Mahil - T. Jarin, Mtaheuristic -optimized swin
transformer with SHAP explainability for kera-
toconus classification from corneal topography
maps” In International Ophthalmology, Vol:45:
396, Nov.2025. Springer.

N. Satheesh Kumar, J. Mohanalin, J.
Mabhil ,“Detection of autism in children by the
EEG ehavior using hybrid bat algorithm based
ANFIS classifier ” in an International Journal of
Circuits, Systems, and Signal Processing,
-Springer, ISSN: 1531 — 5878, Volume-39, Is-
sue-2, July 2019.

576 |Page



10.

11.

12.

13.

14.

15.

Visvesha R., Int. J. Sci. R. Tech., 2026 3(10), 570-577 | Research

Mahil, J., & Kingsly, A. A. S. (2019). Hybrid
search optimization algorithms for the security
constrained unit commitment solution. Interna-
tional Journal of Engineering and Advanced

Technology (IJEAT), 8 (6).

Mahil, J., & Raja, T. S. R. (2013). Genetic algo-
rithm optimized neural network based adaptive
ECG interference canceller for premature infants
in incubators. IAES International Journal of Ar-
tificial Intelligence, 2 (4), 169.

Mahil, J., & Raja, T. S. R. (2013). Hybrid swarm
algorithm for the suppression of incubator inter-
ference in premature infants ECG. Research
Journal of Applied Sciences, Engineering and
Technology, 6 (16).

Mahil, J., & Raja, T. S. R. (2014). An intelligent
biological inspired evolutionary algorithm for
the suppression of incubator interference in pre-
mature infants ECG. Soft Computing, 18 (3), 571
—578.

Mahil, J., Raja, T. S. R., & Sharmila, T. S.
(2015). Optimization algorithms for adaptive
filtering of interferences in corrupted signal.
Indian Journal of Pure & Applied Physics, 53 (4),
274-281

Z. Bouzid, S. S. Al-Zaiti, R. Bond, and others,
“Remote and wearable ECG devices with diag-
nostic abilities in adults: A state-of-the-science
scoping review,” Heart Rhythm, vol. 19, no. 7,
pp. 1192-1201, 2022, doi: 10.1016/
j-hrthm.2022.02.030.

N. Alugubelli, H. Abuissa, and A. Roka, “Wear-
able devices for remote monitoring of heart rate
and heart rate variability—What we know and

what is coming,” Sensors, vol. 22, no. 22, Art.
no. 8903, 2022, doi: 10.3390/522228903.

Y. Ansari, O. Mourad, K. Qaraqge, and E. Ser-
pedin, “Deep learning for ECG arrhythmia de-
tection and classification: An overview of
progress for period 2017-2023,” Frontiers in
Physiology, vol. 14, Art. no. 1246746, 2023, doi:
10.3389/fphys.2023.1246746.

16.

17.

18.

19.

20.

21.

22.

Y. S. Hong, J. H. Lee, and others, “Deep learn-
ing-based ECG arrhythmia classification: A sys-
tematic review,” Applied Sciences, vol. 13, no. 8,
Art. no. 4964, 2023, doi: 10.3390/app13084964.

A. Y. Hannun, P. Rajpurkar, M. Haghpanahi, G.
H. Tison, C. Bourn, M. P. Turakhia, and A. Y.
Ng, “Cardiologist-level arrhythmia detection and
classification in ambulatory electrocardiograms
using a deep neural network,” Nature Medicine,
vol. 25, no. 1, pp. 65-69, 2019, doi: 10.1038/
s41591-018-0268-3.

P. Rajpurkar, A. Y. Hannun, M. Haghpanahi, C.
Bourn, and A. Y. Ng, “Cardiologist-level ar-
rhythmia detection with convolutional neural
networks,” arXiv preprint arXiv:1707.01836,
2017.

S. S. Acharya, U. R. Acharya, X. J. P. et al,,
“Automated detection of arrhythmias using deep
learning and electrocardiographic signals,” Bio-
medical Signal Processing and Control, 2022.

M. A. Alfaras, M. C. Soriano, and S. Ortin, “A
fast machine learning model for ECG-based
heartbeat classification,”
2019.

X. Han, Y. Hu, L. Foschini, L. Chinitz, L.
Jankelson, and R. Ranganath, “Deep learning
models for electrocardiograms are susceptible to
adversarial attack,” Nature Medicine, vol. 26, pp.
360-363, 2020.

M. A. Ribeiro, A. Arnold, J. P. Howard, M. J.
Shun-Shin, Y. Zhang, D. P. Francis, P. B. Lim,
Z. Whinnett, and M. Zolgharni, “ECG-based
real-time arrhythmia monitoring using quantized
deep neural networks: A feasibility study,”
Computers in Biology and Medicine, vol. 143,
Art. no. 105249, 2022.

Scientific Reports,

INTERNATIONAL JOURNAL DF SCIENTIFIC RESEARCH AND TECHNOLOGY

HOW TO CITE: Athi Meenatchi M., Haritha B.,
Visvesha R., Development of a Real-Time Embedded
System for Cardiac Signal Monitoring and BPM De-
tection, Int. J. Sci. R. Tech., 2026, 3 (10), 570-577.
https://doi.org/10.5281/zenodo0.23257507

577 | Page



