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ARTICLE INFO ABSTRACT

Article history: The continuous monitoring of heart rate is essential for individuals with cardiovascular
Received 24 February 2025 conditions and those engaged in fitness activities. However, existing heart rate
Received in revised form 17 March 2025 monitoring systems are often costly and lack portability, limiting their accessibility in
ﬁcc?lpted 14_JU|V 2025 low-resource settings. This paper presents the design and implementation of a cost-
vailable online 25 July 2025 effective and portable heart rate monitoring system using Arduino Uno and a fingertip
sensor. The proposed system aims to provide an affordable solution for real-time heart

rate monitoring, combining the simplicity of the Arduino platform with the precision of

optical heart rate sensing technology. Testing was conducted on two different

generations under resting conditions: an adult aged 40 years who works as a lecturer

and a child aged 2 years. The results showed that the average BPM for the adult was

73.3 BPM, while the child had an average BPM of 92 BPM. Performance evaluations

Keywords: indicate that the system delivers reliable heart rate readings within the normal range
Heart rate monitoring; BPM; low-cost for various user profiles, demonstrating its potential as a viable alternative to more
technology; fingertip sensor expensive commercial devices.

1. Introduction

Heart rate monitoring is a critical component of healthcare, serving as a fundamental indicator of
cardiovascular health [1,2]. The heart rate, expressed in beats per minute (BPM), reflects the heart's
efficiency in pumping blood throughout the body [3,4]. Abnormal heart rates, whether too high or
too low, can signal underlying health issues such as arrhythmias, heart disease, or even imminent
cardiac events [5]. Regular monitoring allows for early detection of these conditions, enabling timely
medical intervention and potentially preventing serious complications [6].

For individuals with chronic health conditions like hypertension, diabetes, or heart failure,
continuous heart rate monitoring is indispensable [7,8]. It provides real-time data that helps in
adjusting treatments, managing daily activities, and preventing adverse health events [9,10].
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Moreover, in the context of fitness, monitoring heart rate during exercise ensures that individuals
stay within safe exertion limits, optimizing their workouts while avoiding overexertion [11,12]. This
dual role of heart rate monitoring both in clinical management and in maintaining physical fitness
underscores its importance in everyday health practices [13,14].

In many regions with limited access to advanced healthcare facilities, cost-effective and portable
heart rate monitoring systems are particularly valuable [15,16]. These systems empower individuals
to monitor their heart health at home, promoting preventive care and reducing the strain on
healthcare resources [17,18]. As telemedicine and remote patient monitoring become more
prevalent, reliable heart rate monitoring tools are essential for enabling continuous care [19,20].
Thus, developing accessible and affordable monitoring systems, such as those utilizing Arduino
technology and optical sensors, is crucial for making healthcare more inclusive and effective.

Many literatures studied of heart monitoring system such as Arulananth and Shilpa [21]
elucidated a methodology for quantifying the heart rate via a fingertip sensor integrated with
Arduino, founded on the principles of PPG, which constitutes a non-invasive approach to assess
fluctuations in blood volume within tissues by employing a light source and a detector. Pawar et al.,
[22] conducted a monitoring study of physiological parameters, such as heart rate, and transmitted
the collected data directly to a medical practitioner via SMS. The system is comprised of an infrared-
based heart rate sensor, an Arduino Uno microcontroller, and a GSM communication module. Aarthi
et al., [23] elucidated the PPG signal obtained from human subjects utilizing a data acquisition system
comprised of an Arduino board in conjunction with a Maxim Integrated sensor. Subsequently, signal
processing methodologies were employed to eliminate baseline drift, mitigate motion artifacts, and
execute signal filtration for peak detection via an algorithm formulated in MATLAB. Devis et al., [24]
developed a comprehensive monitoring system that continuously tracks three critical health
parameters heart rate, body temperature, and intravenous fluid usage in hospitalized patients. The
system is designed not only to monitor these parameters in real-time but also to provide an audible
warning in case of any abnormalities, thereby ensuring timely medical intervention. Sagar and
Aradhya [25] designed system that remotely monitors heart rate and dynamically plays music based
on the detected heart rate to enhance exercise regimes. By integrating a pulse sensor with an Arduino
Ethernet shield, the system enables real-time remote monitoring of heart rate through a web
interface. Mukherjee et al., [26] implemented wireless heart rate monitoring system using Arduino
Lilypad that can send SOS messages or make calls through a GSM module when abnormal heart
conditions are detected. It consists of a transmitting circuit, worn by the patient, and a receiving
circuit for data processing. Chooruang and Mangkalakeeree [27] developed heart rate monitoring
system using the ESP8266 Wi-Fi module integrated with an Arduino microcontroller and the MQTT
protocol for lightweight, real-time communication. The system aims to remotely monitor a patient's
heart rate by utilizing infrared light and a photodetector to capture the heartbeat signal and transmit
the data wirelessly to an MQTT broker running on a Raspberry Pi.

The contributions of this paper are multifaceted, addressing both technological innovation and
practical healthcare applications. Firstly, the paper introduces a cost-effective and portable heart
rate monitoring system using Arduino Uno and a fingertip sensor, providing an affordable alternative
to existing commercial devices. By leveraging the simplicity and versatility of the Arduino platform,
the system is designed to be easily replicated and utilized in various settings, particularly in low-
resource environments where access to advanced healthcare technologies is limited. Secondly, the
paper offers empirical data on the system's performance, tested on two different age groups under
resting conditions. This not only demonstrates the system's accuracy and reliability across different
user profiles but also underscores its potential for widespread adoption in both clinical and personal
health monitoring. Lastly, the paper contributes to the ongoing development of accessible healthcare
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technologies by highlighting the system’s advantages, discussing its limitations and suggesting future
enhancements that could further improve its efficacy and usability.

2. Methodology
2.1 Overview of the System Architecture

The proposed heart rate monitoring system is designed to be a cost-effective and portable
solution for real-time heart rate tracking, utilizing the Arduino Uno microcontroller as the core
processing unit. The system architecture is composed of three primary components: the input sensor,
the processing unit, and the output display. The input sensor, a fingertip optical heart rate sensor,
detects the pulse signal from the user’s finger. This signal is then transmitted to the Arduino Uno,
where it is processed to calculate the heart rate in BPM. The processed data is subsequently displayed
on an LCD screen, providing immediate feedback to the user. Additionally, the system is designed to
be compact and portable, making it suitable for both clinical and personal health monitoring
applications.

2.2 Description of the Hardware Components

Based on the Figure 1, The pulse sensor is connected to the Arduino Uno via three wires: VCC,
GND, and signal output. The signal output from the pulse sensor is fed into one of the analog input
pins on the Arduino for processing. The Arduino Uno is also connected to an LCD display through four
wires: VCC, GND, and two data lines (SDA and SCL) for communication. This configuration allows the
Arduino to read the pulse sensor data, calculate the heart rate, and then display the BPM on the LCD
screen in real time, providing an immediate visual representation of the user's heart rate.

The following components are essential for constructing a heart rate monitoring system:

i.  Arduino Uno: The Arduino Uno is a microcontroller board based on the ATmega328P, which
serves as the brain of the heart rate monitoring system. It is responsible for processing the
pulse signal received from the fingertip sensor, calculating the heart rate, and managing the
data display on the output screen. The Arduino Uno was chosen for this project due to its ease
of use, affordability, and widespread availability. It provides sufficient processing power to
handle the real-time data from the sensor while also offering multiple input/output pins for
interfacing with other components, such as the LCD display.

ii.  Fingertip Heart Rate Sensor: The heart rate sensor used in this system is an optical pulse
sensor designed to be placed on the fingertip. It operates by emitting a small amount of
infrared light into the finger and measuring the light that is reflected. As blood pulses through
the finger, the amount of reflected light varies, allowing the sensor to detect the heartbeat.
This signal is then sent to the Arduino Uno for further processing. The sensor is compact, non-
invasive, and simple to use, making it ideal for portable health monitoring systems.

iii. LCD display: The system includes a LCD to provide a visual output of the measured heart rate.
The LCD is interfaced with the Arduino Uno to display the BPM calculated from the sensor
data. This real-time display ensures that users can immediately see their heart rate, making
the system both informative and user-friendly. The LCD was selected for its low power
consumption and clear readability, which are essential for a portable device.
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Fig. 1. Pulse sensor Arduino connection

In this study, this research requires several components to realize it both hardware and software
asin Table 1.

Table 1

Research components

No. Components Quantity
1 Arduino UNO Board 1

2 Laptop/PC 1

3 Jumper Cables 1

4 16X2 12C LCD Display 1

5 PCB 1

6 Arduino Software 1

2.3 Software Implementation

This section discusses the software implementation used for data acquisition and processing in
the heart rate monitoring system. The Arduino Uno is programmed using the Arduino IDE, where the
code handles the input from the pulse sensor, processes the signal to calculate the heart rate and
displays the result on the LCD screen.

The code begins by initializing the necessary libraries, such as the Wire library for 12C
communication with the LCD, and the LiquidCrystal_I2C library, which simplifies interactions with the
LCD display. The pulse sensor data is acquired through one of the analog input pins on the Arduino.
The signal is then processed to detect the time intervals between consecutive heartbeats, which are
used to calculate the BPM.

In addition to data acquisition, the software is also responsible for filtering noise from the pulse
sensor signal to ensure accurate heart rate readings. The processed BPM value is then sent to the
LCD display for real-time monitoring. This simple yet effective code structure enables continuous and
reliable heart rate monitoring, making it easy to use in various applications.
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To ensure the accuracy of the heart rate signal obtained from the fingertip sensor, the system
implements a basic yet effective signal filtering method using a software-based moving average filter.
This filtering technique smooths out high-frequency noise and minor fluctuations caused by hand
tremors or ambient light interference. The moving average is computed over a window of 10 samples,
continuously updating as new data is received through the analog input.

Additionally, threshold-based peak detection is used to identify valid heartbeats. The system
dynamically adjusts the threshold based on the signal amplitude to reduce false positives caused by
noise spikes. The heart rate in BPM is calculated by measuring the time interval between valid
successive peaks.

This approach, although simple, was chosen for its computational efficiency and suitability for
real-time processing on the Arduino Uno, which has limited memory and processing power. Future
enhancements may involve implementing more advanced digital filtering techniques such as
Butterworth or Kalman filters if higher accuracy or more complex use cases are required.

2.4 Data Collection

Data collection in the heart rate monitoring system begins with the pulse sensor, which is placed
on the user's fingertip. The sensor operates by emitting infrared light and detecting the amount of
light reflected from the finger. As blood flows through the finger with each heartbeat, the reflected
light intensity fluctuates, creating a signal that corresponds to the user's pulse.

This analog signal is then fed into one of the Arduino Uno's analog input pins, where it undergoes
analog-to-digital conversion. The Arduino processes this digital signal to identify peaks corresponding
to heartbeats. By measuring the time intervals between consecutive peaks, the system calculates the
user's heart rate in BPM. This BPM value is then used for real-time monitoring and is displayed on
the LCD screen, providing immediate feedback to the user.

3. Results and Discussion

Figure 2 displays a digital heart rate monitor with a reading of "73 BPM" indicating the heart is
beating at 73 beats per minute. This device likely measures and displays the user’s heart rate in real
time. Heart rate monitors like this are commonly used in both medical settings and for personal
health tracking because they provide valuable data about one’s cardiovascular health. The reading
of 73 BPM represents the number of heart beats per minute, offering insights into the user's heart
function at that moment.

- Fig. 2. BPM testing in adults aged 40 years
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For a 40-year-old lecturer, a heart rate of 73 BPM falls within the typical range for a resting adult,
which is generally between 60 and 100 BPM. Resting heart rates can vary based on several factors,
including fitness level, stress, medication and overall health. A lower resting heart rate often indicates
more efficient heart function and better cardiovascular fitness. In this context, a heart rate of 73 BPM
suggests that the lecturer's heart is functioning normally, assuming they were at rest when the
measurement was taken.

Figure 3 shows a heart rate monitor with a digital readout that states "92 BPM" the user's heart
rate is 92 beats per minute. A heart rate monitor is a device used to measure the frequency of
contractions of the human heart, which is normally expressed as BPM. What is being shown is the
number of beats going on right now for the person using the device. A heart rate monitor in this
regard can be applied to check the pulse of a young child, say 2 years old.

BRify Peart Basts
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Fig. 3. BPM testing in child aged 2 years

A normal resting heart rate for such an age group would range from 80 to 130 BPM. The reading
is 92 BPM, which is within that range. Hence, it suggests that the child's rate is normal for his age. It
is worthwhile to note that normally, children would present with generally higher heart rates than in
an adult because of a smaller size of the heart and the increased metabolic rate. This heart rate can
also vary depending on different factors such as activity, emotional state, and the presence of a
health condition.

The Figure 4 shows the variation in BPM over a series of 10 tests. The X-axis represents the
number of tests, while the Y-axis indicates the BPM values recorded. From the graph, it is observed
that the BPM values fluctuate between 72 and 75 BPM throughout the tests. The highest point is
reached in the 4th test with a value of 75 BPM, while the lowest point is seen in the 2" and 7t tests
with a value of 72 BPM. These values are within the normal range for resting heart rate in adults.

The average BPM in Figure 4 is 73.3 BPM, which is an indicator of good heart rate stability for
adults. Although there are small variations from test to test, the BPM values remain consistently
around this average, indicating that the heart rate monitoring system works well in detecting and
recording BPM. The slight fluctuations in BPM may be caused by factors such as minor physical
activity changes, stress levels, or environmental influences during testing. Overall, this graph shows
that the system provides reliable results for heart rate monitoring.
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Fig. 4. Variation in BPM across repeated tests for adults aged 40 years

The Figure 5 shows BPM data measured across several trials. On the x-axis, there are numerical
values representing the trial numbers, ranging from 1 to 10. On the y-axis, there are BPM values
indicating the heart rate measured in each trial. The graph shows fluctuations in BPM across the
trials, with both increases and decreases in BPM as the trial number progresses.

The average BPM on Figure 5 for children aged 2 years is 92.2 BPM. This means that the BPM
recorded in the graph fluctuates around the 92.2 mark. This value indicates the average heart rate
per minute that is normal for children aged 2 years, although there are some variations seen in the
graph. For example, there is a sharp increase around trial 7 and a decrease in trial 9, which might
indicate responses to physical activity or other conditions.
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Fig. 5. Variation in BPM across repeated tests for child aged 2 years
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3.1 Statistical Analysis of BPM Data

To evaluate the consistency and reliability of the heart rate monitoring system, a statistical
analysis was conducted on the BPM values obtained across multiple trials for both the adult (aged
40) and the child (aged 2). Each participant underwent 10 repeated measurements under resting
conditions.

i.  Adult (40 years old):
Mean BPM = 73.3
Standard Deviation (SD) = 1.16 BPM
95% Confidence Interval (Cl) = [72.6, 74.0] BPM

ii.  Child (2 years old):
Mean BPM =92.2
Standard Deviation (SD) = 2.53 BPM
95% Confidence Interval (Cl) = [90.3, 94.1] BPM

The narrow confidence intervals indicate low variability across repeated tests and demonstrate
the measurement precision of the system. The slightly higher variation in the child’s BPM is consistent
with normal physiological fluctuations expected in paediatric patients.

3.2 System Robustness and Reproducibility across Conditions

To validate the reproducibility of the system, we conducted additional tests in varied physical
states. Specifically, the adult participant was asked to perform light exercise (walking for 3 minutes),
after which the BPM was recorded using the same system. The BPM increased to an average of 101.4
BPM, reflecting the expected physiological response to physical activity. The child participant was
observed during a period of moderate excitement (after playing), and the system recorded an
average BPM of 108.7 BPM, which still falls within the normal range for active children.

These results demonstrate that the system is capable of capturing changes in heart rate in real
time and remains reliable under various physiological conditions beyond resting state. Although the
current version is optimized for stationary measurements, these findings support its potential
applicability for broader scenarios, such as fitness tracking or preliminary triage assessments in
clinical settings.

4. Conclusions

The article presents a novel heart rate monitoring system that utilizes Arduino technology,
specifically designed to be cost-effective and portable, making it accessible for individuals in low-
resource settings. The system employs a fingertip sensor to accurately measure heart rate, with
testing conducted on both a 40-year-old lecturer and a 2-year-old child, revealing average heart rates
of 73.3 BPM and 92 BPM, respectively, which are within normal ranges for their age groups.
Furthermore, the findings suggest that this heart rate monitoring system could be widely adopted in
both clinical and personal health contexts, offering a reliable alternative to more expensive
commercial devices. This work also discusses potential future enhancements to improve the system's
functionality, underscoring the importance of developing accessible healthcare technologies that can
effectively monitor vital signs and improve health outcomes in diverse populations.
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