e-ISSN:2582-7219

31 =2 =
(T gz 8
ro71

S

INTERNATIONAL JOURNAL OF

MULTIDISCIPLINARY RESEARCH
IN SCIENCE, ENGINEERING AND TECHNOLOGY

Volume 7, Issue 12, December 2024

INTERNATIONAL
STANDARD

SERIAL Impact Factor: 7.521
NUMBER

INDIA

© DA

! 6381 907 438 6381 907 438 ijmrset@gmail.com . www.ijmrset.com



©2024 IJMRSET | Volume 7, Issue 12, December 2024| DOI: 10.15680/IJMRSET.2024.0712203

IEAWEp R yZpA Rl | www.ijmrset.com | Impact Factor: 7.521| ESTD Year: 2018

%
AU

AT International Journal of Multidisciplinary Research in
e L . . .

“E’EEIE? Science, Engineering and Technology (IJMRSET)
IIMHS ET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Heart Beat Monitoring System

Shashank Shrivastava!, Shweta Choudhary?, Prof. Rajdeep Shrivastava®
Student, Department of Electronics & Communication Engineering, LNCTE, Bhopal, India'*
Guide, Department of Electronics & Communication Engineering, LNCTE, Bhopal, India*

ABSTRACT: The growing need for real-time health monitoring has driven the development of innovative and non-
invasive technologies, particularly in the realm of heart rate monitoring. Heart rate is a crucial indicator of an
individual's cardiovascular health, providing valuable insights into overall physical well-being, stress levels, and
potential health conditions. Traditional methods of heart rate measurement often require clinical settings or specialized
equipment, which may not always be convenient for continuous or personal monitoring. To address this challenge, this
project presents the design and implementation of an Arduino-based heart rate monitoring system that offers a portable,
affordable, and non-invasive solution for real-time heart rate tracking. This system utilizes Photoplethysmography
(PPG) technology, which employs light to detect changes in blood volume caused by the pulsing of blood vessels with
each heartbeat. The core of the system is a PPG sensor that consists of an LED emitting light and a photodetector
capturing the reflected light from the skin. The amount of light reflected back varies with the volume of blood in the
vessels, producing a signal that corresponds to the rhythm of the heart. The system then uses an Arduino
microcontroller to process this signal by amplifying and converting it from analog to digital form using an integrated
analog-to-digital converter (ADC). The digital signal is then analyzed to calculate the heart rate in beats per minute
(BPM). By measuring the time interval between successive peaks in the PPG signal, the heart rate is computed,
providing a real-time measure of the individual’s pulse. The calculated heart rate is displayed on a Liquid Crystal
Display (LCD), making it easy for the user to monitor their pulse continuously. The system is powered by a
rechargeable battery, ensuring portability and ease of use in various environments without the need for a constant
power supply.

KEYWORDS: Heartbeat, Monitoring.

L. INTRODUCTION

A heart rate monitoring system is a crucial electronic device that plays a significant role in modern healthcare and
fitness industries. It is designed to measure and display the heart rate of an individual in real-time, offering vital
insights into cardiovascular health and overall physical condition. Heart rate monitoring systems are extensively used in
hospitals, fitness centers, home-based healthcare devices, and research institutions. Their primary purpose is to track
the electrical signals generated by the heart during its contractions and process these signals to calculate the heart rate,
expressed in beats per minute (BPM).

This project focuses on developing a compact, user-friendly, and efficient heart rate monitoring system using advanced
yet cost-effective components. The system is built with the Arduino Uno microcontroller as its brain, responsible for
processing data and controlling the overall functionality. It features an LCD display, which serves as the user interface,
providing real-time heart rate data in a clear and concise manner. The inclusion of an 12C module simplifies the
hardware connections, reducing the number of wires required for interfacing the LCD with the Arduino.

The system also incorporates a switch to enable or disable the device, offering user control for energy efficiency and
convenience. To make the system portable, a battery is included as the primary power source, enabling the device to
function without the need for a continuous external power supply. The system is designed to detect the heart's electrical
activity using a sensor (such as a pulse sensor or photoplethysmography sensor), analyze the data using the Arduino
Uno, and then display the results on the LCD screen.
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This heart rate monitoring system can be used in a variety of applications, such as:

e Fitness Tracking: Assisting individuals in monitoring their heart rate during exercise, ensuring they stay within
optimal heart rate zones.

e Healthcare: Providing doctors and patients with real-time heart rate data, especially useful for patients with heart
conditions.

e  Wearable Devices: Serving as the foundational technology for smartwatches and fitness bands.

e Research and Development: Helping researchers study heart rate variations under different conditions or
environments.

The primary goal of this project is to develop a reliable, accurate, and efficient device that is easy to use and portable. It
also emphasizes learning and applying embedded systems concepts, programming, and circuit design to create a
functional product. Through this project, we aim to contribute to the growing need for accessible health monitoring
devices, empowering individuals to take control of their health and well-being.

By integrating simple components with innovative design and technology, the heart rate monitoring system promises to
be a valuable tool for various applications, highlighting the importance of combining technology and healthcare for
better living standards.

In addition to its primary functionality of monitoring heart rate, this system can be further enhanced with additional
features and capabilities, making it versatile and suitable for a wider range of applications. Modern advancements in
embedded systems and [oT (Internet of Things) open up opportunities to upgrade this device into a more intelligent and
connected solution. For instance, the system can be integrated with wireless communication modules like Bluetooth or
Wi-Fi, allowing the collected heart rate data to be transmitted to a smartphone, computer, or cloud storage for further
analysis and long-term health monitoring.

Another potential enhancement is the incorporation of an alarm system that alerts the user in case the heart rate crosses
predefined thresholds, ensuring timely action in case of abnormalities. Such a feature is particularly beneficial for
individuals with chronic heart conditions, where early detection of irregularities can be life-saving. The system could
also include data logging functionality, enabling it to record heart rate data over a specific duration. This data can be
valuable for doctors and medical professionals to analyze trends and patterns, aiding in accurate diagnosis and
treatment planning.

Incorporating additional sensors, such as a temperature sensor or blood oxygen sensor (Sp0O2), can transform the device
into a comprehensive health monitoring system. These sensors would enable the device to measure vital signs beyond
heart rate, offering a more detailed picture of the user’s health. Such a multi-parameter system could serve as a critical
tool in telemedicine and remote patient monitoring, addressing the growing demand for accessible and reliable
healthcare solutions.

On the hardware side, the system can be made more robust and ergonomic by designing a custom PCB (Printed Circuit
Board), which would reduce the overall size and weight of the device. This would make it easier to integrate the system
into wearable devices, such as fitness bands or chest straps. A rechargeable battery with a charging circuit can also be
included, ensuring convenience and longer device lifespan.

From an educational perspective, this project provides an excellent opportunity to delve deeper into the fields of
embedded systems, signal processing, and biomedical engineering. It encourages learning about sensors,
microcontroller programming, and interfacing techniques while emphasizing the importance of designing user-centric
and reliable electronic devices. Additionally, the project highlights the real-world applications of concepts such as data
acquisition, filtering, and signal interpretation.

This heart rate monitoring system is not only a standalone device but also a stepping stone towards developing

advanced health technologies. With further research and enhancements, it could potentially be expanded into a
commercial product, addressing the needs of various user groups, from athletes to patients with cardiac conditions.
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Moreover, the project aligns with global trends in personal health management, contributing to the broader vision of
empowering individuals to take proactive control of their health.

The development of this heart rate monitoring system is a significant step towards combining innovation, technology,
and healthcare. It reflects the potential of low-cost, portable devices to make healthcare more accessible and efficient,
catering to both individual and professional needs. Through this project, we aim to demonstrate how a simple yet
effective solution can create a positive impact, paving the way for further advancements in biomedical electronics.

II. ARCHITECTURE

16x2 LCD

Heat Beat
Sensor Arduino

Module

Push
Buttons

Figure 1: Flow chart

The heart rate sensor is the key component of the system, responsible for detecting the user’s heartbeats and providing
real-time data for processing. Typically, a pulse sensor or a photoplethysmography (PPG) sensor is used for this
purpose. The sensor works by detecting changes in blood volume through light transmission or reflection. For instance,
a PPG sensor emits light onto the skin and measures variations in the intensity of light absorbed by the blood vessels,
which correlate with the heartbeat.

The sensor produces an analog electrical signal proportional to the heartbeat, which contains the raw data required for
further analysis. However, this signal is often weak and noisy, necessitating additional stages for amplification and
filtering. The placement of the sensor is crucial for accuracy—commonly on the fingertip, earlobe, or wrist, where
blood flow is prominent.

This component ensures non-invasive, continuous heart rate monitoring, making it suitable for healthcare and fitness
applications. Its compact size, energy efficiency, and ease of integration with microcontrollers like Arduino Uno make
it an ideal choice for portable devices. The accuracy and reliability of the heart rate sensor directly impact the system's
overall performance, emphasizing its critical role in the project.

The signal conditioning circuit plays a critical role in ensuring the heart rate sensor's output is suitable for accurate
processing by the microcontroller. The raw analog signal generated by the heart rate sensor is often weak and
susceptible to noise, such as electrical interference or motion artifacts. This circuit is responsible for amplifying the
signal to a detectable level while filtering out unwanted noise and distortions.
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Typically, the circuit includes an operational amplifier (op-amp) configured as an amplifier to increase the signal
strength. Filters, such as low-pass and high-pass filters, are used to isolate the desired frequency range corresponding to
heart rate activity, often between 0.5 Hz to 4 Hz. A smoothing circuit may also be included to eliminate sharp
fluctuations in the signal, ensuring a clean waveform.

The output of the signal conditioning circuit is a well-amplified and filtered analog signal that accurately represents the
heartbeat's electrical activity. This signal is then fed into the Arduino's analog input pins for further digital processing.
By ensuring that the sensor data is free of noise and distortion, the signal conditioning circuit significantly enhances the
reliability and accuracy of the heart rate monitoring system, making it a crucial part of the overall design.

III. WORKING PRINCIPLE

The heart rate monitoring system works by detecting the changes in blood volume associated with each heartbeat using
a Photoplethysmography (PPG) sensor. The PPG sensor consists of an LED light source and a photodetector. The LED
emits light that penetrates the skin and reflects back when it encounters the blood vessels. This reflected light is
captured by the photodetector. As the heart pumps blood, the volume in the blood vessels fluctuates, leading to
variations in the amount of light reflected. The sensor records these changes in light intensity, producing an analog
signal that corresponds to the pulse of the heart.

This analog signal is then fed into an Arduino microcontroller. The Arduino processes the raw data by amplifying and
converting it into a digital format using its built-in analog-to-digital converter (ADC). The Arduino runs a program
designed to detect the peaks in the signal, which correspond to each heartbeat. The time intervals between these peaks
are calculated to determine the heart rate in beats per minute (BPM).

The processed heart rate data is displayed on an LCD connected to the Arduino using the [2C communication protocol.
The LCD updates in real-time to show the user their current heart rate. A switch is used to power the system on or off,
allowing for easy user interaction. The system is powered by a rechargeable battery, ensuring portability for continuous
use.

Overall, the system captures heart rate data, processes it, and displays it, allowing for continuous, real-time monitoring
of heart activity.

Signal Acquisition (PPG Sensor)

Signal acquisition is the first and most important step in any heart rate monitoring system. In this stage, the
Photoplethysmography (PPG) sensor is used to measure changes in blood volume as blood is pumped through the body
with each heartbeat. PPG technology is based on light absorption and reflection. The PPG sensor is made up of two
main components: a light-emitting diode (LED) and a photodetector.

The LED emits light at a specific wavelength, typically in the infrared or red spectrum. This light passes through the
skin and into the blood vessels beneath it. When the heart pumps blood, the volume of blood in the vessels changes,
causing the amount of light that is reflected back to the surface to fluctuate. The photodetector is positioned adjacent to
the LED, and its role is to capture this reflected light. The intensity of the reflected light depends on the blood flow,
which naturally fluctuates with each heartbeat. When the heart pumps, the blood volume in the arteries increases, which
results in more light being absorbed and reflected back to the photodetector. When the heart relaxes, the blood volume
decreases, causing less light to be reflected.

These fluctuations in reflected light are then transformed into an analog signal. This analog signal contains a rhythmic
pattern that corresponds to the pulse rate or heart rate. This signal is continuous and contains both the desired heart rate
data and some noise, such as environmental light interference and motion artifacts. The PPG sensor is often placed on
the skin’s surface, commonly on the wrist or fingertip, where the blood vessels are relatively close to the surface. The
sensor is typically used in both medical applications, such as in hospitals for monitoring patients, and in consumer-
grade devices like smartwatches and fitness trackers.
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PPG technology is popular for its non-invasive nature, meaning it does not require any surgical procedures or insertion
of probes into the body. It offers a comfortable, easy-to-use, and affordable method for heart rate monitoring, making it
suitable for continuous and real-time health monitoring. Although highly effective, PPG sensors can sometimes be
sensitive to factors like skin tone, ambient light conditions, and body movement. These factors can introduce noise into
the signal, which is why signal conditioning is necessary later in the process. Despite these challenges, PPG sensors are
considered highly reliable and are widely used in modern health monitoring applications.

Signal Conditioning

Once the heart rate data is acquired from the PPG sensor, it typically requires processing before it can be used to
calculate heart rate. This is where signal conditioning plays a crucial role. Signal conditioning involves a series of
operations designed to clean, amplify, and filter the raw signal, making it suitable for further processing.

The signal from the PPG sensor is typically weak, often in the range of millivolts, and may contain noise from various
sources. Without signal conditioning, the raw data could lead to inaccurate or unreliable heart rate readings.

The first step in signal conditioning is amplification. PPG signals are usually very small, making it difficult for the
microcontroller to detect them directly. Amplification boosts the signal’s strength, ensuring that it can be adequately
processed. To achieve this, operational amplifiers (op-amps) are typically used. These amplifiers increase the amplitude
of the PPG signal without distorting it, ensuring that the signal retains its integrity. Amplification is critical because,
without it, the signal would be too weak for accurate processing and analysis.

Once the signal is amplified, it often contains unwanted noise that needs to be removed. Filtering is applied to remove
this noise. Noise in the PPG signal can come from several sources, including ambient light, electrical interference from
nearby components, and motion artifacts caused by body movement.

Filters are designed to allow only certain frequencies to pass through while blocking others. For instance, a low-pass
filter might be used to remove high-frequency noise, and a high-pass filter might be used to eliminate low-frequency
drift caused by factors like skin tone or movement. In some cases, a band-pass filter is applied, which allows a specific
frequency range (typically associated with the heart rate) to pass while blocking frequencies outside of this range.

After filtering, the signal is still in analog form, which cannot be directly processed by the digital microcontroller.
Analog-to-digital conversion (ADC) is used to convert the analog signal into a digital format. The Arduino
microcontroller has an integrated ADC that samples the analog signal and converts it into a digital signal that can be
processed by the system. The ADC discretizes the signal, creating a series of digital values that can be used to track the
timing between heartbeats.

Signal conditioning is a vital step in ensuring that the raw data from the PPG sensor is transformed into a clean, usable
signal that accurately reflects the user’s heart rate. By amplifying the signal, filtering out noise, and converting it into a
digital format, the system can effectively process the data and calculate the heart rate in real-time.

Analog-to-Digital Conversion (ADC)

The analog signal obtained from the PPG sensor must be converted into a digital format for the microcontroller to
process it effectively. This conversion is accomplished using an Analog-to-Digital Converter (ADC), which is an
essential component in many embedded systems, including the Arduino-based heart rate monitoring system. The ADC
takes the continuous analog signal and discretizes it into a series of digital values that represent the signal's magnitude
at specific time intervals.

The role of the ADC is crucial because the Arduino microcontroller works with digital data, and without converting the
raw analog signal into a form that the microcontroller can interpret, the data would be unusable. An ADC samples the
analog signal at regular intervals, creating a series of discrete numbers that represent the amplitude of the signal at
those moments. These digital values are then used to analyze the signal, detect peaks (which correspond to heartbeats),
and calculate the heart rate.
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The Arduino microcontroller has an integrated ADC, which is capable of converting the analog signal into a 10-bit
digital value. This means that the ADC can output 1024 distinct values, providing sufficient resolution for detecting
variations in the heart rate signal. However, for high-precision applications, the ADC may need to be calibrated or
enhanced with external ADCs to provide more accurate readings.

The digital signal produced by the ADC is processed further by the Arduino’s algorithms. By analyzing the timing
between successive peaks in the digital waveform, the Arduino can calculate the time interval between heartbeats,
known as the RR interval. By measuring the time difference between these peaks, the system can then calculate the
user’s heart rate in beats per minute (BPM). This data is sent to the LCD display in real-time for the user to view.

While the Arduino's internal ADC is sufficient for many applications, in certain situations where higher resolution or
more sampling precision is required, external ADCs can be used to enhance performance. This is particularly useful in
medical-grade heart rate monitoring systems where accuracy is of the utmost importance.

Heart Rate Calculation (Processing)

The heart rate calculation is the most critical part of the entire monitoring system, as it is the step where the raw data
from the PPG sensor is transformed into meaningful information for the user. After the analog signal has been acquired
from the PPG sensor and converted into digital data using the ADC, the system processes this data to determine the
user’s heart rate in beats per minute (BPM).

The heart rate is typically calculated by identifying the peaks in the signal, which correspond to individual heartbeats.
These peaks are the points of maximum reflection of light, and by measuring the time between successive peaks, the
system can determine the RR interval, or the time between two consecutive heartbeats. The shorter the RR interval, the
faster the heart rate. The Arduino uses mathematical algorithms to detect the peaks in the digital signal and calculate
the time difference between them.

Once the RR intervals are determined, the heart rate is calculated by dividing the time interval (in seconds) by the
number of beats within a minute. The result is expressed in beats per minute (BPM). For example, if the time between
two peaks is 1 second, the heart rate would be 60 BPM. If the time between peaks is 0.8 seconds, the heart rate would
be 75 BPM.

To ensure accuracy and smoothness of the data, averaging or smoothing techniques may be applied to the calculated
heart rate. This helps to eliminate small fluctuations or noise in the signal and provide a stable heart rate reading.
Moreover, filters may be applied to further refine the data and eliminate any outliers caused by sudden body
movements or other external factors.

Once the heart rate is calculated, the Arduino sends the data to the LCD display for the user to view. The real-time
display allows users to monitor their heart rate continuously, which is essential for tracking physical activity, fitness
progress, or cardiovascular health.

Displaying Data (LCD)

After the heart rate has been calculated by the Arduino microcontroller, the results need to be displayed to the user in
an easily readable format. The LCD (Liquid Crystal Display) serves this purpose by providing real-time feedback on
the heart rate. LCDs are widely used in embedded systems due to their low power consumption, clear visibility, and
ability to display alphanumeric characters and graphics.

The LCD in the heart rate monitoring system is typically connected to the Arduino via the 12C communication
protocol. This protocol uses two wires (SDA for data and SCL for clock) to transfer information between the Arduino
and the LCD, reducing the number of pins required for connections. The I2C interface is especially beneficial in
compact systems where space is limited, as it allows multiple devices to share the same two communication lines.

The LCD display shows the heart rate in beats per minute (BPM). In addition to heart rate data, the display may also
include other information such as system status (e.g., "System Ready" or "Error") and battery status, ensuring that the
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user has complete information about the system’s functionality. The clarity of the LCD ensures that the user can read
the data in various lighting conditions, making it highly useful for health monitoring in diverse environments.

One of the key benefits of using an LCD is that it provides a real-time display, allowing users to continuously monitor
their heart rate during exercise, rest, or other activities. This instant feedback is essential for individuals who are
tracking their cardiovascular health or fitness levels. Additionally, the backlight feature of most LCDs ensures that the
display remains visible even in low-light conditions.

IV. CONCLUSION

The heart rate monitoring system developed using Arduino Uno, a PPG sensor, and an LCD display has proven to be an
effective, accurate, and reliable tool for real-time heart rate detection and monitoring. The system successfully detects
heartbeats by analyzing light reflections from the skin and processes the signal using the Arduino microcontroller. The
heart rate is then calculated in beats per minute (BPM) and displayed on an LCD screen, providing users with
continuous and immediate feedback. The system demonstrated high accuracy, with heart rate measurements falling
within an acceptable margin of error when compared to standard devices such as pulse oximeters. Additionally, the
system exhibited excellent stability under various environmental conditions, including different light levels and sensor
placements, ensuring reliable performance in real-world applications. The thresholding technique used to filter out
noise and adjust for varying conditions further contributed to the system's robustness. This project highlights the
potential of affordable and accessible technologies, such as Arduino, for creating practical health-monitoring solutions.
The system can be easily implemented and modified, making it suitable for personal health tracking, fitness
applications, and educational purposes. Future improvements, such as wireless connectivity for remote monitoring and
advanced signal processing, could expand the system's capabilities, allowing it to be integrated into more sophisticated
health-monitoring devices. Overall, this heart rate monitoring system provides a solid foundation for further
development and refinement in the field of wearable health technologies.
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