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Abstract—If a person can monitor his/her heart rate regularly
then he/she can detect heart disease early and thus he/she can enjoy
longer life span. Therefore, this disease should be taken seriously.
Hence, many health care devices and monitoring systems are being
designed to keep track of the heart disease. This work reports a
design and simulation processes of an Arduino microcontroller based
heart rate measurement and monitoring system in Proteus
environment. Clipping sensors were utilized to sense the heart rate of
an individual from the finger tips. It is a digital device and uses
mainly infrared (IR) transmitter (mainly IR LED) and receiver
(mainly IR photo-transistor or IR photo-detector). When the heart
pumps the blood and circulates it among the blood vessels of the
body, the changed blood pressure is detected by the transmitter and
then reflected back to the receiver accordingly. The reflected signals
are then processed inside the microcontroller through a software
written assembly language and appropriate heart rate (HR) is
determined by it in beats per minute (bpm) from the detected signal
for a duration of 10 seconds and display the same in bpm on the LCD
screen in digital format. The designed system was simulated on
several persons with varying ages, for example, infants, adult persons
and active athletes. Simulation results were found very satisfactory.

Keywords—Heart rate measurement, design, simulation, Proteus,
Arduino Uno microcontroller.

[. INTRODUCTION

NGINEERING and technology has enabled our life-style

very comfortable today. In each professional field,
application of knowledge of engineering and technology in
medical science has made the tasks of medical professionals
very easy. Out of the several medical data, the HR and body
temperature are the most common. From these data, the
medical professionals diagnose the problems related to
cardiovascular diseases. Without the help of this machine, the
doctors and health professionals are unable to detect the heart
related problems of human body. However, this detection is
very necessary, since the world possesses about an aggregate
of 17.65 million individuals who are at a high risk of getting
attacked by the Cardiovascular Diseases (CVDs) [1]. CVDs
are a group of ailments of the heart and blood vessels, such as,
coronary heart disease, cerebrovascular disease, rheumatic
heart disease etc. This group of diseases has become the
number one reason for loss of life worldwide. Heart disease is
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not only the main cause of premature death in most of the
countries in the world but also it is the cause of early disability
of people. It has been reported that among these deaths, 37%
were due to CVDs [1].

HR is one of the key factors that should be monitored to get
proper information about the cardiovascular system of our
body. The value of HR varies between 72 and 120 bpm (beats
per minute) for a healthy adult person [2] at rest and an athlete
respectively. Usually, an inactive person has lower HR than
that of an active person. On the other hand, an infant may have
higher value of HR, while grown up children may have HR
value at about 90 bpm. The value of HR rises progressively
through works and exercises [3] and comes back to its rest
value gradually after the work or exercise is over. The rate, at
which the values return to the standard magnitude, gives us a
hint about our health status. If the HR value is less than its
standard/nominal value then this condition of heart is known
as bradycardia, and if it is greater than its standard value then
it is called tachycardia. If we can detect the HR of patient at
his/her early stage of heart disease then we can reduce the
death casualties and save the lives of many people on this
earth.

In today’s biomedical engineering field, there are so many
types of machines and equipment as well as methods and
techniques to diagnose heart related diseases, for example,
electrocardiogram (ECG), echocardiogram using ultrasound,
cardiac magnetic resonance imaging (MRI), cardiac computed
tomography (CT) scan, positron emission tomography (PET)
scan, angiogram etc. Amongst these, HR measurement is the
most common diagnosis method, and it can be applied in wide
areas. Cardiologists or doctors can detect the heart’s problems
or functionality directly from this machine. Therefore, its
efficient determination is necessary to detect and thus to
provide necessary treatments to the different kinds of patients
having heart diseases.

In light of the above contexts, enormous endeavors have
been applied to facilitate the best healthcare services at an
affordable expense during the last few decades. With the rapid
advancements in engineering and technological fields, it has
become feasible to design and develop more efficient, reliable
and affordable biomedical machines and equipment with new
additional but important features. This has also made these
biomedical machines more user-friendly. CVD related signs
and symptoms can now be obtained in smart mobile phones or
similar devices which are portable and wearable [4]. The
prime objective of this work is to design an automated and low
cost heart beat measurement system to help and support the
doctors to monitor their patients’ conditions. However, this
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machine is not still so cheap to the people of the under-
developed or developing countries. Moreover, doctors and
medical staff are not physically available to all required places
throughout the country. Therefore, it would be supportive if it
is possible to design and then implement a system for the
people of these countries to observe their heart conditions at
an affordable cost from remote places. The biomedical
engineers are trying to find a way to address these problems
and a suitable solution for it. This will certainly decrease their
on-site visiting time. Moreover, the Arduino microcontroller is
very cheap and readily available in the market and requires
fewer efforts for its programming to automate the system.
Also these are used in various biomedical and other similar
applications due to its compactness, portability, less power
consumption, enhanced battery life, high operating speed etc.
[51-[8]. This Arduino microcontroller with analog interfacing
circuits, sensors, electrodes, amplifier, sampler and filter can
acquire the very weak signal from the chest and send it to the
microcontroller’s output port in appropriate format. Then a set
of programing instructions inside the microcontroller can
determine the HR of the patients being monitored. Therefore,
our objectives of this work are to-
i. Design a low-cost HR monitoring scheme that can
measure heart beat
ii. Use the microcontroller for signal processing and other
computation to make it faster responding
iii. Simulate the system for various aged persons
iv. Analyze HR signals

II. LITERATURE REVIEW

In the literature, HR measuring devices were found to be
designed and developed by many researchers around the world
for several purposes. In the preliminary research papers, the
HR or pulse rate was obtained for clinical studies. For this
purpose, the electrical signal was analyzed in the pulse format
that can be utilized for important medical studies. One such
research prototype was developed based on hardware and
software components to detect the pulse rate and then analyze
the designed system. The hardware portion used the
Atmega2560 ADK R3 microcontroller as the main part to
process the input signals obtained from the optical sensors in
the form of pulses and finally to send the results to the LCD
screen for display purpose and to the SD memory card for data
storage purpose. The software part of this system provided an
embedded algorithm in the form of an assembly language
program to control the overall processing and input/output
operations. Since optical sensor data are analog in nature so an
analog to digital converter (ADC) circuit has also been used
before sending the signals to the microcontroller. They took
the data from the 40 subjects after taking the concept due to
ethical issues of the research. They explained their results
through experiments on their subjects’ responses through
investigating the maximum or minimum pulse rate values and
its patterns. The main characteristic of their prototype is that
the developed system is accurate, durable, low power
consuming, and low cost [9].

In another article, a HR monitoring system was developed

using a novel step counter algorithm when physical activities
are going on. This type of algorithm enables to detect the HR
with high accuracy at each step of detection. In this paper, the
authors proposed to use a wireless wearable device, a
smartphone and a remote server as the main hardware
components of the system. Bluetooth low energy is used to
transmit the data between the wearable device and
smartphone. They have used contactless method to get the HR
data and eliminated the use of direct contact electrodes to
avoid any kind of aches or pains or scratches of skin. They
claimed that their proposed system is compact, lightweight
and comfortable for the user. To display the measured data,
they used smart phones. However, since smart phone cannot
communicate directly with the hardware system, application
software has also been developed to provide the proper
interface to the HR counting system. This can also measure
the other health parameters like, step count (SC), exercise
intensity, speed, distance, and calories burned as well as
waveforms related to the ECG and step cycle. The designed
system could measure the HR at an accuracy level of 98.89%
[10].

Another paper presented a prototype system to monitor the
heart beat rate. In this system, a Heart Beat (HB) sensor was
designed using Light Dependent Resistor (LDR) and Light
Emitting Diode (LED). The LED sends the optical signal to a
person and the reflected wave is sensed by the LDR which can
convert the light energy into the electrical energy according to
the HB pulse rate of that person and converts it in the form of
electrical pulses. But the amplitude of these pulses is too weak
to process further. That is why, the signals are amplified using
an amplifier circuit and then digitized for sending to the
microcontroller which then processes the signal and calculate
the HR based on its assembly language program. If the user
puts his/her finger in the HB sensor the necessary input signals
are collected by the sensor. The authors also claimed that the
proposed system is simple and effective as well as uses a
robust method. They have simulated the system in Proteus and
also implemented on the hardware to demonstrate its efficacy
[L1].

Digital Signal Processing (DSP) techniques are being used
in many applications of power electronics system [12]. Now
this technique has been applied in detecting the important
information of ECG signals by observing it in the monitor
with the aim of assisting the physicians or cardiologists [13].
DSP algorithms with Fourier and Wavelet spectra are used for
ECG diagnostics of the CVD patients [13]. This would assist
the cardiologists or physicians for accurate analysis and
diagnosis of the disease and its magnitude. Besides, the DSP
hardware based system has been designed and implemented
using the digital signal processor with memory, signal display
system and analog interfacing circuit [14], [15]. This type of
system with DSP has the ability to operate as stand-alone and
to update the data in real-time according to the on board pre-
program algorithm for ECG analysis [16].

A home-made pulse diagnosis device was built to measure
human pulses in another research paper found in literature
survey. This system is manufactured utilizing a piezoelectric
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transducer, differential amplifier and a data acquisition
instrument. Besides, a MATLAB program has been developed
to analyze the system’s performances. At first, the pulses were
measured and converted into the appropriate electronic signals
by use of a piezoelectric transducer and the data were saved on
a computer in digital format. After that these were processed
and analyzed using Fast Fourier Transform (FFT) method. The
regular and irregular pulses were segregated by observing the
phase shifts, but not by the frequency spectrum [17].

In another paper, a wireless belt was used to measure the
HR pulse continuously. According to their system, it can also
measure the temperature. Both of these parameters can be
obtained from human body and after proper processing of
these signals an appropriate SMS can be sent to the medical
professionals and the patient’s family members at the time of
heart attack, and thus treatment can be provided in time or the
patient can be moved to the hospital at the right time. For this
system, a Wi-Fi enabled microcontroller has been used [18].

In another study, the authors reported a portable and low
cost HB rate measurement device designed using PIC 16F877
microcontroller. It can measure the HB rate based on the
optical data obtained from the fingertip of a person; this rate is
then displayed on an LCD screen. But the working voltage for
this device is a 9V DC battery. The additional features of this
system are that it can also measure the temperature and
humidity of the surroundings [19].

In another research article, a method for determining the
HR of a human using a video sequence has been presented.
The method is contact-free and needs very cheap biomedical
apparatus. The video sequence can be taken with a USB

camera connected to a personal computer. The results also
reveal that the forehead and cheeks are more suitable for the
measurement purpose [20].

In another research paper, the authors proclaimed that they
have investigated that the impulse-radio ultra-wideband (IR-
UWB) radar could recognize the cardiac motions without
having any physical contact with the patients. Hence they
devised a method for the measurement of HR and rhythms
using an IR-UWB radar type sensor. Then they have estimated
the validity and reliability of the measured HR data and
compared it with the HR data obtained from the
electrocardiography (ECG) measurements. The comparative
study revealed the precision and accuracy of the IR-UWB
radar sensor based contactless HR data [21].

III. SYSTEM DESCRIPTION

A.Block Diagram of the System

The system contains an Arduino microcontroller, HB
sensor, a Liquid Crystal Display (LCD) unit and a DC power
supply unit. We would like to design the circuit in Proteus.
However, the HB sensor unit has a filter circuit, noise
eliminator circuit and also an amplifier circuit. The power
supply unit supplies the required current to the microcontroller
and HB sensor circuits directly at 5V but the LCD display
unit, having two lines each containing 16 characters, gets its
power from the Arduino Uno R3 microcontroller. The chunk
illustration of the entire system connecting the major units of
our designed machine is made visible in Fig. 1.

| |

Fig. 1 Block diagram of the HR measurement machine

At first, HR pulse sensor unit senses the HR signal of the
human body from their fingertips which is placed in between
the two sensors, viz. an optical transmitter and an optical
detector. This signal may contain noises and that is why it is
sent to the RC passive filter circuit to eliminate the noise
signal from the HR signals.

The IC, LM358- a dual operational amplifier integrated
with two op-amps powered by a common power supply of 5V
(though this IC can be operated with an extensive choice of
single power supply from 3V to 32V and of dual power supply

extending from + 1.5V to + 16V), is used to eliminate the
noise and to amplify the analog signal as well as to improve
the transfer conductance of the circuit. Then the signal is sent
to the common emitter based transistor amplifier circuit.

The amplifier circuit uses a BC547 transistor- an npn type
transistor having high gain of above 400 over a varied range of
collector current and can provide the collector current over 10
mA when operated at +5V DC power supply. The common
emitter configured bipolar junction transistor (BJT) uses a few
resistors and capacitors to design the amplifier circuit [23].
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This reduces the design cost of the system without
compromising the accuracy level of measurements. Without
the analog signal’s amplification, we cannot convert it to the
digital signal and hence get the accurate HR data properly.
The transistor based amplifier circuit enhances the current
level of the unit and sends the amplified signal to the
microcontroller unit.

Arduino Uno R3 microcontroller is used to process the

signal based on its program, it calculates the HR in bpm and
sends it to the LCD display unit to display the measured value
in appropriate format as programmed in the microcontroller.

The DC power supply unit supplies the required DC power
to the sensor, amplifier, microcontroller unit and display unit
at +5V DC. Since the HR pulse sensor unit, HPS162 is not
available in Proteus, so an equivalent hardware circuit is
designed and represented in Fig. 2.
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Fig. 2 The amplifier circuit unit
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Fig. 3 Complete circuit diagram of the designed HR measurement system in Proteus

365



International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:14, No:10, 2020

The HB sensor is basically a set of transducers that are
placed at some small distance apart. Within this sensor’s gap
human finger has to be placed to collect the electrical activity
of the heart of his/her body. Since nerve and muscles are
electrically active, and the heart can generate electrical current
and voltage signals of very low amplitude these are sensed by
the sensor (HPS16), but cannot be detected by the
microcontroller. Of course, this is an analog signal as well.
Therefore, it is required to be amplified by the amplifier and
sampled by the sampler to convert the analog signal to Pulse
Amplitude Modulated (PAM) signals of sufficient amplitude.
Then a filter circuit is also used to remove any noise stemming
from any part of this analog interfacing circuit or signal
collecting electrodes. After getting this PAM signals, the
microcontroller converts it into the appropriate digital signal
through its processing algorithm and produce the ECG wave
form according to the developed software and send the signal
to the display system connected to it through its output port.

Each unit is then analyzed and designed properly. After the
selection of components for each block and calculation of the
values for the required components, the circuit is drawn in
Proteus. With the application of the appropriate signals, it is
then simulated and finally the display unit provides the HR in
bpm with a heart symbol to the left of the HR data as
presented in Fig. 3.

Arduino Uno R3 microcontroller is used in this work due to
its several features, such as, low power consumption, high
efficiency, in-built ADC and communication in USART
mode. In-built ADC is used to convert the PAM signal into
digital format. Serial data transmission feature is utilized to
transmit and receive the ECG data to the and from the outside
of the microcontroller respectively. To transmit the data in
serial communication mode, we selected the baud rate of 9600
bps and sampling rate of 320 samples/s. Arduino Uno’s pin
numbers 1 and 0 are connected to the Bluetooth module’s Rx
and Tx terminals for transmission and reception of signals
respectively [22].

A DC power supply voltage of 5 V has been designed using
the voltage regulator IC LM7805. A center-tap transformer
along with diodes are used to step down the power line AC
voltage of 220V with 50 Hz frequency and then to rectify the
signal. To smoothen the pulsed rectified signal and to
eliminate any DC offset signals two more capacitors having
capacitance values with 1 puF and 470 uF are used at the input
and output terminals of both the regulator ICs respectively.
The use of capacitors also help to eliminate any power line
frequency related and other noise interferences to the
microcontroller [23].

The final design is to be implemented in a Printed Circuit
Board (PCB). For this purpose, PCB design is also done in
Proteus and is shown in Fig. 4 with placement of various
components used in the circuit.

To obtain the HR of human body, a person needs to place
his/her fingertip in between the two sensors. An IR sensor
sends the light signal that passes through the blood flowing
inside the veins of the fingertip and its variation is detected by
the IR photo detector diode. After filtering, amplifying and

sampling of the analog signal to the appropriate digital signal,
it is sent to the microcontroller unit.

Fig. 4 PCB design of the complete circuit with component
placements in Proteus

B. Software Program Design

Since this system uses microcontroller, we need to develop
software program as per logic required for the program.
Arduino microcontroller uses assembly language program. At
first, we need to identify what function this program should
perform. We need two types of programming- one is at the
layer of the device and the other is at the layer of the
application. At the device layer, we need a program that would
be capable of driving hardware of the system. However, at the
application layer, the program must be able to calculate the
HR and then display its value and unit in appropriate format at
the designated display device. For microcontroller
programming, an integrated development platform is used.
The flow chart of the developed program is shown in Fig. 5.
This program reads the HB sensor output in digital format at
the inputs of the microcontroller by scanning its serial port.
Then this digital data signal is transferred to the
microcontroller’s  memory, process it inside the
microcontroller as per instruction sets of the assembly
program, convert it into the appropriate format in bpm and
finally send to the output port for displaying the data in a
suitable text format in bpm in the LCD screen.

To display the HR signal at the designated display unit
(here it is LCD screen), software has been developed. The
tasks of this software are to process the data to display it in
appropriate format in bpm. The output ports are properly
initialized to send the data to the LCD screen’s input
connected to the output port. Whenever the output port gets
the available data at any instant of time, the LCD screen
displays the heart rate value in bpm with a heart symbol.
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Scan and Read Digital
Data from the Serial
Port connected with
the Heartbeat Sensor

Transfer the Digital Signal
into the microcontroller

}

Process the Digital Signal to
compute the Heart Rate

|

Convert the Digital Signal
into Heart Rate Data in bpm

Complete
processing?

Prepare the Heart Rate Data
for Display at LCD Screen

Complete
preparation?

Fig. 5 Flow chart of the microcontroller program of the designed HR
measurement system

IV. RESULTS AND DISCUSSIONS

To measure the heartbeat rate, a Proteus simulation is
developed. The Proteus simulator is used to obtain the he HR
of different ages of human beings, like infant, adult, athlete
etc. Using this process, the proposed heartbeat rate is easily
measured. Fig. 6 shows the heartbeat signal’s digital
waveform having two levels of 5 V and 0 V. This signal is
obtained after processing the sensor’s analog signal in Proteus.

Fig. 6 Heartbeat sensor signal from the circuit in Proteus

In this research, we analyze the performance of the
proposed HRM model based on five case studies as follows:
i.  To measure the heartbeat of infant
ii. To measure the heartbeat of older children
iii. To measure the heartbeat of teenage
iv. To measure the heartbeat of adult
v. To measure the heartbeat of active athlete
The heart signal’s amplitude varies with respect to time,

which is represented in a waveform. From the waveform of
heart signal (amplitude vs. time), the HR in bpm can be
calculated by (1):

HR = - x60 (1)

" Timeto complete one cylce in sec

Fig. 7 represents the heartbeat rate of an infant. It shows
that the amplitude of the voltage signal is 1.67 V and time to
complete one cycle is 414 ms. Thus the HR is 145 bpm, Fig. 8
represents the heartbeat rate of a child. It shows that the
amplitude of the voltage signal is 0.65 V and time to complete
one cycle is 529 ms. So, the HR is 113 bpm, Fig. 9 represents
the heartbeat rate of a teenage child. It shows that the
amplitude is 1.01V and time to complete one cycle is 828 ms.
Therefore, the HR is 72 bpm, Fig. 10 represents the heartbeat
rate of an adult. It shows that the amplitude is 3.45V and time
to complete one cycle is 989 ms. Therefore, the HR is 61 bpm,

Fig. 7 HR for an infant

T

Fig. 8 HR for a child

Fig. 10 HR for an adult

Fig. 11 represents the heartbeat rate of an athlete. It shows
that the amplitude is 1.36V and time to complete one cycle is
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1100 ms. Therefore, the HR is 55 bpm,

Fig. 11 HR for an active athlete

Several case studies are shown based on our designed HR
measurement (HRM) system. According to the data provided
in Table I of HR for different aged person, we found that the
results achieved through these simulations are approximately
same.

V. CONCLUSION

We have designed and simulated a simple and easy to
implement heart rate measurement machine based on a
microcontroller with a very nominal implementation cost. The
system will be portable if implemented and no on-site medical
personnel are required to monitor the HR of any patient at any
time. The patient can then send his/her HR data to the
physicians for treatment purposes from any village or town
whatever the distance between the patient and doctors may be.
However, there are a few scopes for further development or
improvement of this designed system. We recommend the
following future plans for this system:

* To implement the complete circuit with an LCD screen

» To design a rechargeable battery for the system.

= To develop a program for connecting it to the smartphone.

= To develop an application for the smartphone for real-
time analysis.

» To design and implement the system on a PCB for
housing it inside a box safely.

= To optimize the components and circuits to make more
cost-effective, efficient and reliable.

However, through this work, our main goal was to provide a
simple, portable, and cost-effective solution for the ECG
signal monitoring and heart rate computation for the people of
low- and middle-income groups.
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