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Abstract- The proliferation and popularity of open source hardware and software, such as Arduino and Raspberry PI,
together with IoT and Embedded System are rapidly revolutionizing the healthcare sector with new technologies. In this
article, I proposed an intuitive and low-cost automatic portable electrocardiogram (ECG). The system receives the input pulse
using 3 Ag / Cl electrodes placed on the arms and on the right leg of the patient. The signal is then processed by the Arduino
Uno microcontroller to control and transmit the function of the ECG wave to be monitored. To calculate and show the results,
I implemented a QRS real-time detection algorithm designed for the Arduino platform based on the Pan-Tompkins algorithm,
which automatically calculates the main cardiac parameters and compares the values obtained with normal intervals. If an
abnormal parameter is present, it is highlighted. The results obtained by the device were tested by comparing them with those
obtained from a traditional ECG used in clinical practice on 50 people, in conditions of rest and subactivity. The values of
beats per minute (BPM), waveform and ECG parameters were identical. The future goal is to develop a most mobile and
wearable system making an automatic remote assistance system..
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I.

INTRODUCTION

At the present time, people suffering from heart diseases are increasing at an alarming rate. Cardiovascular diseases
(CVDs) are disorders of the heart and blood vessels and include coronary heart disease, cerebrovascular disease,
rheumatic heart disease and other conditions. Heart disease is becoming a health killer for many people. World Health
Organization (WHO) research shows that the most people is dying due to heart illness [1]. Therefore, this disease cannot
be taken lightly. Hence, most health care equipment and monitoring system are designed to keep track the disease. The
Electrocardiography (ECG or EKG) is one of the medical kits that can measure the heartbeat per unit time, convert it into
a signal and show the data on a display[2]. An ECG is a recording of the electrical activity on the body surface generated
by the heart muscles, and it is one of the most common heart tests[3]. There are a number of reasons why someone may
have an ECG, including an irregular heartbeat, shortness of breath when they exert themselves, significantly high blood
pressure, palpitations or a suspected heart valve problem [4]. It can also be an useful way of ruling out problems. It is the
best way to monitor and diagnose abnormal rhythms of the heart muscles, mainly abnormal rhythms caused by damage
to the conductive tissue that carries electrical signals. It is possible to be in cardiac arrest with a normal ECG signal (a
condition known as pulseless electrical activity)[5]. Analysing or monitoring the ECG signal at initial stage these disease
can be prevented [2]. ECG is a high-priced equipment and its use for the measurement of the heart rate is only for a high
economic level. Low-cost devices are available in the form of wrist watches for the instantaneous measurement of the
heart rate. But, the proliferation and popularity of open source hardware and software, like the Arduino and Raspberry
PI, have made it possible to build devices to sense any physical phenomena and display the results either locally on an
attached display, or remotely via a Bluetooth or Wi-Fi module to a pc or smartphone [6-9]. This paper depicts the design
of a low-cost, fully automatic ECG monitoring system which monitors ECG subject by Ag / Cl sticking electrodes easily
applicable on the arms. It was implemented a real-time QRS detection algorithm designed for the Arduino platform
based on the Pan-Tompkins algorithm, to automatically detect the QRS complex, to calculate: beats per minutes (BPM),
the PR and QR intervals and to compare them with the normal cardiac parameter values. If abnormal heart muscle
rhythms occur, the device automatically alerts the patient. Moreover, the ECG waveform together with the calculated
cardiac parameters are showed in an easily understandable graphical user interface (GUI) on the 2.8'' TFT LCD display

supplied with the device. Finally, the system is battery operated making it portable for use in any remote places and
under any circumstance.
II.

MATERIALS AND METHODS

A. Related works
The purpose of this study is to create a low-cost, intuitive and automatic device of acquisition and monitoring of the
cardiac activity signals. This system can be used directly by the subject who wants to control himself, also not
necessarily having a found heart disease; therefore it is easy to use, portable and wear; the device automatically displays
the cardiac activity data on an intuitive LCD screen and alert the user in the eventuality of a cardiac abnormality
detected. Finally, it has a cost accessible to anyone.
Remote ECG monitoring systems are becoming commonplace medical devices for remote and long term physiological
monitoring, especially for that of the elderly and frail patients[6]. The systems are consisted of three major components:
•

a mobile gateway, deployed on the patient's mobile device, that receives 12-lead ECG signals from any ECG

sensor;
•

a remote server component that hosts algorithms for accurate annotation and analysis of the ECG signal;

•

a point-of-care device for the doctor to receive a diagnostic report from the server based on the analysis of the

ECG signals.
The wireless physiological information collection nodes of the wearable network are connected to the patient's
portable terminal, such as a personal digital assistant (PDA), smart phone, or other communication device, to send data.
At the same time, it is also capable of uploads, backup, analysis, and feedback of data to a remote medical service centre
through the internet or mobile communications network. This systems are very expensive and can be used only for
patients with confirmed heart disease who need to be continuously monitored[6].
In [7], Mehdi Shokoueinejad et al. proposed a fully operational portable ECG system for training and educational
purposes in biomedical engineering (BME) curriculum courses, based on Arduino. The device need for an USB
connection with a pc to display the results using a labview software; therefore, it was not really portable, but more
suitable for training and educational purposes.
Bhimasen K. et al., [8] proposed a prototype ECG generator circuit low cost, battery powered making it portable with
wireless connectivity for transferring the signal to the PC and Smart Phone.
R.Harini, et al., [9], presented a study to use handheld tele-electrocardiogram (ECG) to identify heart condition in the
rural underserved population where the doctor-patient ratio is low and access to health care is difficult. The objective of
the study was clinical validation of handheld ECG as a screening tool for evaluation of cardiac diseases in the rural
population. The proposed system for the ECG monitoring controlled was composed by the Arduino UNO
microcontroller and implemented in the form of android app application. This system presents the implementation of
patient ECG monitoring and real time feedback mechanism in Smartphone. The results show that by using Arduino IDE
the information can be used to monitor the patient in real time.
Udit Satija (Student Member, IEEE) et al. [10], proposed a novel signal quality aware IoT-enabled ECG telemetry
system for continuous cardiac health monitoring applications. The proposed quality-aware ECG monitoring system
consists of three modules:
1.

ECG signal sensing module;

2.

automated signal quality assessment module;

3.

and signal-quality aware ECG analysis and transmission module.

This system is highly demand robust methods for accurate and reliable detection and measurement of morphological
RR interval features from noise-free and noisy ECG signals. So, it gives the quality of ECG signal and noise free ECG,
accuracy and robustness of QRS complex detection. [10]
Chowdhury et al [11] proposed the development of a wearable system for real-time detection and warning of heart
attacks in drivers, which could be enormously helpful in reducing road accidents. The system consists of two subsystems
that communicate wirelessly using Bluetooth technology, namely, a wearable sensor subsystem and an intelligent heart
attack detection and warning subsystem. The sensor subsystem records the electrical activity of the heart from the chest
area to produce electrocardiogram trace and send that to the other portable decision-making subsystem where the
symptoms of heart attack are detected. The system can help in reducing the loss of lives from the growing number of
road accidents all over the world.
Gimenez et al. [12] developed a lifestyle change supporting system (LCSS) for integral community cardiac
rehabilitation based on technological platforms [12]. This system used a 10MHz transducers planted directly on the
surface of the heart.
In Oster's studies [13], a model-based ECG filtering approach to ECG data from healthy subjects was applied to
facilitate accurate online filtering and analysis of physiological signals[13].
All these systems had some design issues and, in particular, cost factor played a very crucial role. The proposed
system in this paper, is portable, it does not need to be connected to a pc or other device, and can be used in any
environment with a cost factor being minimum very affordable to all the lower and middle class family in every
countries.
B. The device:
Figure.1 represents the block diagram of the proposed system. It consists of the electrodes which are placed on the
Left Arm (LA), Right Arm (RA) and Right Leg (RL) of the patient’s body. Electrodes of ECG Sensor have 3 pins and
connected by cable with 30 inches in length. It is make ECG sensor easy to connect with controller and placed at the
waist or pocket [14]. In additional, the plug-in for the cable is a male sound plug which will make the cable to easily
removed or inserted into the amplifier board. The input is taken from the human body and then it is transmitted to ECG
module (AD8232). The AD8232 processes the data and it produces the continuous analog values according to the input
given by the electrodes to the Arduino microcontroller.

Figure 1. Pictorial representation of the System

Electrodes:
3-lead Ag/Cl Electrodes transform bio-medical signals into electrical voltage (Figure 2).

Figure 2. Ag/Cl Electrodes (one for Right Arm (RA), one for Left Arm (LA) and one for Right Leg (RL)

The voltage lies in between 1 mV ~ 5 mV. The pair of sensors are placed on the LA, RA and RL of the patient (Figure
3). [14-16]

Figure 3. Placement of the Electrodes and interfacing of AD8232 and Arduino Uno

ECG Module (AD8232):
The AD8232 (Figure 4) is an integrated signal conditioning block for ECG and other bio-metric measurement
applications. It is designed to pull out, amplify, and filterless energy bio-potential signals in the presence of noisy
conditions, such as those created by movement or remote electrode position.
The AD8232 module breaks out nine connections from the IC that you can solder pins, wires, or other connectors to.
SDN, LO+, LO-, OUTPUT, 3.3V, GND provide essential pins for operating this monitor with an Arduino or other
development board. Also provided on this board are RA (Right Arm), LA (Left Arm), and RL (Right Leg) pins to attach
and use custom sensors. Additionally, there is a LED indicator light that will pulsate to the rhythm of a heartbeat.
This design allows for an ultralow power analog-to-digital converter (ADC) or an embedded microcontroller to obtain
the output signal. The AD8232 can execute a two-pole high-pass filter for eliminating motion artificial facts and the
electrode half-cell potential. This filter is tightly coupled with the instrumentation amplifier design to allow both large
gain and high-pass filtering in a first stage, thereby saving money and space.

Figure 4. AD8232 ECG Module

Arduino Uno:
The Arduino Uno (Figure 5) is an 8-bit microcontroller board based on the ATmega328 [17]. It has 14 digital
input/output pins, 6 analog inputs, a 16 MHz crystal oscillator, a power jack, an ICSP header an USB connection and a
reset button. It has everything required to hold up the Arduino; basically, connect it to a laptop with the help of USB
cable or power it with an adapter or battery to get initiated. The Uno differs from all previous boards in that it does not
use the FTDI USB-to-serial driver chip. Instead, it features the ATmega328 programmed as a USB-to-serial converter
[17].

Figure 5. Arduino Uno Microcontroller

2.8’’ TFT LCD Display:
2.8" TFT LCD display is a LCD touch screen module (Figure 6). It has a 40 pin interface and SD card / Flash reader
built in. It is a powerful, multifunctional module. The screen includes an ILI9325 controller, that supports 8/16bit data
interfacing, it is easy to drive by micro controllers like Arduino, STM32, AVR and 8051. It contains an integrated touch
controller. The touch IC is XPT2046, and touch interface pins are included in the 40 pin breakout. The TFT LCD is used
to display on an intuitive graphic interface implemented for displaying: BPM value, PR and QR interval, and ECG
waveform.

Figure 6. 2.8’’ TFT LCD Display

ECG signal parameter:
The figure 7 display a standard one cycle ECG signal from a heartbeat. One cycle consist of P wave, QRS wave until
T wave. P wave offers benefit information about the propagation time of the impulse to both atria [4]. Then, follow with
a flat trend called with the PR segment which is in consequence of propagation of the electric impulse from atria to
ventricles. And follow with QRS complex wave. Q,R and S complex contains of three small wave i.e small Q wave, the
high R wave and the small S wave [18]. The QRS complex give information about the ventricular systole in consequence
of the impulse propagation to the ventricles (Q wave), whereas the transmission to the whole tissue is caused by the R
and S wave.

Figure 7. ECG signal from a heart beat

The QRS complex provides information about fibrillation and arrhythmias, it can be helpful to analyse heart attacks
[18,19]. Then ST interval, it is following by the S wave and including with the T wave, it can point out the ischemia

occurrences. It represents the period during which ventricles are contracting, which is the last stage of the heart cycle [2].
The T wave permits one to have information about the cardiac hypertrophy, heart attacks, and ischemia [18]. Moreover,
others parameters, such as the QT interval, allow specific further pathologies to be characterized. Finally, the ECG signal
ended with a small peak, U wave. Table I shows the normal values of ECG parameters.
Table I - Normal ECG Parameters (value are in seconds)

Design of the system
Figure 8 depicts the circuit diagram of the interfacing between ECG module (Figure 8a), Arduino Uno and 2.8’’ TFT
LCD display (Figure 8b). The ECG module is getting three inputs from the human body using 3-lead electrodes. The
ECG module(AD8232) has instrumentation amplifier and high pass filter for the working purpose [3]. After, processing
the inputs, it produces the single output. This output is given to the Arduino Uno Microcontroller with the help of the
analog pins.

Figure 8. a) Interfacing AD8232 with Arduino b) Interfacing 2.8’’ TFT LCD Display with Arduino

C. Algorithm
The Arduino provides the Arduino Integrated Development Environment (IDE), which is a platform Independent
Application written in Java. It originated from the IDE for the languages Processing and Wiring. It includes a code editor

with features such as text cutting and pasting, searching and replacing text, syntax highlighting automatic indenting,
brace matching and provides simple one-click mechanisms to compile and upload programs to an Arduino board. It also
has a message area, a text console, a toolbar with buttons for common functions and a hierarchy of operation menus. The
ECG wave can be, also, displayed on the Serial Monitor of Arduino IDE software.
Figure 9 depicts a flow chart of the software implemented on the Microcontroller Arduino UNO to measure the value
of cardiac parameters. The flow starts from getting inputs from the ECG module (AD8232). The microcontroller checks
whether all three inputs are given properly. If someone of the inputs is not detected well, the system will display a
warning on the 2.8’’ TFT LCD; or else, if all inputs are detected, the software will analyse the signal and will calculate
the BPM value, the PR and QR intervals and will display the ECG waveform [2]. An important part of the software is
the detection of complex QRS. QRS detection serves as fundamentals for a wide variety of automatic cardiac signal
analysis algorithms. Part of this QRS complex is the "R" apex point (Figure 7) which corresponds to the depolarization
of the right and left ventricles of the heart. In this study, I implemented a real-time QRS detection algorithm based on the
Pan-Tompkins Algorithm designed for use on an Arduino UNO using the AD8232 Single-Lead Heart Rate Monitor. The
overall detection system is mainly composed of three processing stages:


a moving average-based high-pass filtering (HPF),



a non-linear low-pass filtering (LPF), and



a decision making stage.

An ECG signal is processed by the linear HPF in order to accentuate the QRS complex, and meanwhile, to suppress
the undesired waves of ECG, such as P or T waves, as well as the baseline wander. Then, low-amplitude artefacts can be
smoothed down to a certain level while the QRS feature can be well preserved; the linear HPF output is then processed
by a full-wave rectification and LPF followed by a sliding-window summation, thus resulting in an envelope-like feature
waveform. Finally, an adaptive threshold (1) is applied to perform the decision-making for completing a QRS complex
detection.
threshold = α* * win_max + (1 - γ) * treshold;

(1)

where:
0≤α≤1.
The values of γ can be between 0.15 and 0.2. I fixed it empirically: γ=0.175.
Finally win_max is the local maximum newly detected in the feature waveform.
The QRS complex give information about the ventricular systole in consequence of the impulse propagation to the
ventricles (Q wave), whereas the transmission to the whole tissue is caused by the R and S wave. The QRS complex
provides information about fibrillation and arrhythmias, it can be helpful to analyse heart attacks. By detecting QRS
complexes various morphological values of ECG signal can be determined. The algorithm compares the value obtained
with the normal parameters (Table I), if some of them are out of the normal range, an alert message will be presented on
the TFT LCD display, highlighting the non-normal values and showing the normal range.
The Graphical User Interface (GUI) implemented for the device, presents 6 buttons on the TFT LCD touchscreen:


"Trace" starts a continuous trace.



"Stop" stops the continuous trace.



"Clear" clears the graph.



"Sngl" initiates a single trace, that stops automatically after one pass, and



"Test" graphs a mathematically generated function to test the graphing functions of the touchscreen
independent of the AD8232.



“Values” shows a continuous trace and the values of BPM and PR,QR intervals.

Figure 9. Flow chart of algorithm.

III.

RESULTS AND DISCUSSION

The system gets the input bio-metric signals from the human body using 3-lead electrodes. After processing all the
three inputs, the ECG module produces the single analog output, which is given to the Arduino Microcontroller. The
implemented algorithm checks whether all the three inputs are received properly, detects the complex QRS and
calculates the value of BPM, PR and QR intervals and compares them with normal values (Table I). Finally, it show the
ECG waveform and values on 2.8’’ TFT LCD[3,18]. The ECG signal acquired by the electrodes can be deployed also on
PC with Windows System Operative and on a Serial Plotter [17] (Figure 10).
The performance tests were based on the comparison between the results coming from Arduino ECG automatic
approach and those obtained from a certified medical device (gold standard): OMRON HEART-SCAN HCG-801-E
carried out by a trained cardiologist on a total of 50 healthy subjects (38 Male - 12 Female) with ages 25/62 years old
who gave their written informed consent to participate in the study. First, it was counted the number of R wave peaks,
PR and QT intervals in 60 seconds. All the results were able to identify the 100% of R peaks correctly, and overall, the
PR and QR intervals had the same length; the estimated beats per minute (BPM) for each of them had no significant
difference, having a mean value of 78.15±0.71 (p = 0.832).

Then the implemented fully automatic algorithm was tested using 25 one-minute long ECG data sets from the MITBIH Arrhythmia Database. Using this database, detected beats were compared to the annotated information with each
ECG signal. The algorithm that was implemented in this project was able to achieve a sensitivity of 97.5%. The
percentage of correctly classified heartbeats varied from 87% to 100% with an average of 97.87%.

Figure 10. Output

IV.

CONCLUSIONS

This paper proposes an automatic heartbeat monitoring system, portable and easy to use. The device can be used by
anyone not only by subjects with a heart condition. One of the main tasks of this study is the development of a low-cost
ECG device, when compared to the high-cost monitoring systems; also the system is battery operated making it portable
for use in any remote places and under any circumstance. The implemented algorithm on the device allows to detect the
complex QRS automatically, to calculate BPM values, PR and QR intervals and to compare the analysed results with the
normal range of the cardiac parameter values. In case of abnormal heartbeat, the algorithm highlights the anomalous
values and alerts the user. Finally, the device is equipped with a LCD display on which to show the results and the ECG
waveform in an intuitive graphic interface (GUI).
Thus, through this system timely monitoring of the heart condition can be done by anyone and the abnormality can be
detected early leading to the reduction of the death of patient due to the cardiac disease. The ECG results were verified to
an expert doctor and compared with those calculated by a certified medical device. In future, the device can be further
miniaturized and made wearable through electronic hardware implementation of this project successfully, so to make the
subject constantly monitored 24 hours a day without having any impediment or discomfort in his daily actions[20,21].
This device can be enhanced by transmitting the ECG wave and data using Internet of Things (IoT) [6,22] to Doctors or
Analysts for monitoring with more proficient [6,20,21].
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