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Abstract— This paper presents the design and the development
of an electrocardiograph prototype with an interface based
in a heart animation for educational purposes. The research
main features is to prove the potential for opening possibilities to
design and to create laboratory practices in subjects such as
biophysics, animal physiology and human physiology. The
system is composed of an analog circuit that retrieves and
amplifies the signals received from the body to enable further
processing using three electrodes of silver chloride (AgCl). We
present a bioexperiment acquiring the electrocardiogram (ECG)
signal using a computer, Arduino and Matlab by three central
derivations. The presented result is from a student of a group of
fifteen people, this shows that the basic records allow the analysis
of the QRS complex of a cardiac cycle as well as the frequency
during different conditions, such as rigorous exercise and resting
state.
Keywords—Electrocardiograph, interface, heart animation,
educational purposes, practices, Arduino, Matlab, real-time.

I. INTRODUCTION
In the field of equipment, the growing diversification of
tools used to facilitate teaching and learning thanks to
technology generates many challenges today, among them, the
rethinking of elements such as the modalities and contents of
teacher training, and a renewed and more complex notion of
the learning process, which includes for example the
reinforcement of multimodal media literacy [1] and the
presence of self-learning tools has been significantly
expanded, some tools are apps on cell phone, software
applications, interactive interfaces, games, etc.
Recent decades have been marked by diverse
transformations in all fields of knowledge, whose impact is
difficult to measure. Given the development of technological
tools that disrupt the representations and practices of
educational actors, it is difficult to redefine the meaning and
scope of the teaching exercise [2]. The so-called "fourth
industrial revolution", currently underway, is characterized by
an increase in the impact of technology, science, robotics and
artificial intelligence, among others [3]. Now, technology has
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always sought to generate tools designed to modify our
environment, in order to meet various needs. It is not therefore
an unrestricted use of technology or to demonize its presence
in a laboratory, but to take advantage of the best possible way
existing technological tools and to develop, taking advantage
of innovative designs.
In medical instrumentation technology there are
innovations, that these have allowed the management of health
condition in human beings. For example, by prototypes or
using sensors as Kinect, that it has been presented to obtain
information of physiological functions and to develop
applications for rehabilitation, medical simulations, among
others [3-5].
In spite technological progress, in many educational
institutions the students do not have biomedical devices and
medical equipment. Otherwise only theoretical classes are
given, this approach is used when the devices are very
expensive, or their number is limited. Sometimes only a
limited number of students can use the equipment at the same
or the cost is still high. Motivated by the above this work has
as goal, first to propose the development of an
electrocardiograph prototype that allows to acquire an ECG,
and second, educational purposes, i.e., this permits to students
to face the problem of have only theoretical classes and helps
teachers create and propose laboratory practices to
complement a class.
The paper layout is as follows. Section II presents the
design of the educational prototype. Section III describes how
the prototype is applied for educational purposes. Section IV
presents a ECG signal of a bioexperiment and a conference
where the first prototype was presented. Finally, Section V we
discuss and conclude this paper.
II. EDUCATIONAL PROTOTYPE
This work describes the design and construction of a
prototype, this should register biological signals given the

action potential. The electrocardiograph main function is to
detect the change in electrical activity near the skin to
illustrate the activity of the heart. This signal acquisition is
done by using action potential by sensors which can sense a
small change in potential on the skin surface consequently due
to the activity of the heart. The sensors or electrodes are
usually placed in strategic locations to be able to obtain the
best signal. We place the electrodes of AgCl in the left arm,
right arm and right leg, where the electrical activities are most
significant and heart pulse can be easily detected.
The electrocardiograph prototype is implemented through
a circuit analogic and Arduino UNO as a data acquisition
target, where the processing should be noted the acquisition of
the data is done through an easily accessible program that
responds his analysis in addition to providing graphics tools in
a computer. The generation of a low-cost amplifier can offers
the needs in the preparation of the best laboratory practices,
which allows them to be improved or adapt electronic
components or functions to the benefit of the characteristics of
the practices.
A. Electrocardigraph circuit
It uses the linear electronic amplifier circuit built around a
linear operating power, amplifier AD620 [6]. Using this
integrated circuit, it reduces the count of components and this
is considered a low-cost instrumentation amplifier. In
addition, it can be conducted through a voltage signal
produced by a digital-to-analog converter (A/D) that is
generally found on most data acquisition cards. The signals
obtained from the body are in the order of the millivolts by
means of the AD620, we obtain ranges of volts allowing to
implement the stage of filtration and protection for the ECG.
The AD620 gain is resistor-programmed by RG, or more
precisely, by whatever impedance appears between pins 1 and
8.
The AD620 is designed to offer accurate gains using 0.1%
to 1% resistors. Note that for G = 1, the RG pins are
unconnected (RG = ∞). For any arbitrary gain, RG can be
calculated by using the formula:

RG =

49.4k Ω
G −1

from common mode voltages, which are potential differences
between instrument and signal. Considering that the
magnitude of common mode voltage is adequate, this kind of
amplifiers are used commonly in medical instruments to
ensure isolation of a patient from power supply [6].
The electrocardiography signal need a range of frequencies
ranging from 0.05 Hz to 100 Hz, due to this, any other signal
frequently out of this interval must be attenuated to make it of
negligible magnitude with respect to our signal of interest
(ECG) is processed by means of electronic filters [7].
Given the signal amplified, we apply an active low pass
filter. For this reason, we can suppress additional noise could
remain in the system that would it interferes with the output
signal. Estimating the resistance for the frequency of 100 Hz.
We propose the capacitor C2 = 12μ F and CT = C3 + C4 = 2C2 ,
therefore, we can estimate the resistor R6 as [8]:

R6 =

0.707
= 3.3k Ω
(6.28)(12μ F )(100 Hz )

(2)

We propose that R6 = R7 and RT = 2 R6 = R8 + R9 . ECG
signal is bipolar, but this is converted to monopolar by adding
a voltage follower to couple impedance (see fig. 1). Therefore,
we process the electrocardiograph output using Arduino as
data acquisition target. The following table presents the bill of
components for electrocardiograph prototype, which it is
shown in fig. 1.
Component
R1
R2=R3=R10=R11
R4=R5
R6=R7=R8=R9
C1
C2=C3=C4
U1
U2
U3

Value
10MΩ
10kΩ
270Ω
3.3KΩ
0.1μF
12μF
OPA270
AD620
TL084

Table I. Bill of components

(1)

We design the circuit with the amplification gain 100
obtaining the range of millivolts to volts, i.e., substituting G in
(1) and solving for RG , we obtain value of resistance 249.49Ω ,
therefore, we use a commercial valor of 270Ω .
The patient circuit protection has a form of differential
amplifier that allow measurement of small signals in the
presence of a high common mode voltage by providing
electrical isolation. It protects data acquisition components

B. Data acquisition
The Arduino UNO [9] is an open-source microcontroller
board based on the Microchip ATmega328P microcontroller
and developed by Arduino.cc. The board is equipped with sets
of digital and analog input/output (I/O) pins that may be
interfaced to various expansion boards (shields) and other
circuits. First, the port is configured by the serial port 9600
and is process the output of the Arduino A0. We send from
Arduino to Matlab, where it obtains the signal in real-time.
Figure 2 shows the experiment with the signal recording using
Arduino UNO and a computer personal in real-time.

Figure 1. Electrocardiograph circuit for educational purposes.

C. Interface
The prototype uses an interactive, which it plots the ECG
and shows the user. The sensor Kinect v2 runs on Windows,
we use some functions to develop a human-machine
interaction, in this paper we implement a heart animation for
the ECG. The graphic interface developed in Matlab is shown
in figure 4, it is to use functions for image processing using
Matlab and Kinect v2 [10], [11].
Figure 2. Signal recording using Arduino UNO and Matlab.

The result of the first test of sending signals is done using
a potentiometer, the signal obtained is varied for 60 seconds,
as it is shown in fig. 3. Once validated the sending of data in
real-time, we use this program and circuit for the ECG
prototype using a sampling period is set to 0.1 ms and the
numerical integration algorithm is the Runge Kutta method.

Figure 4. Graphic interface developed in Matlab.

Figure 3. Signal recording using Arduino UNO in real-time

The interface includes a window with user and heart
animation, ECG window, a stop bottom and an exit bottom.

The heart animation is activated when the system detects the
sending of data through the communication port and Kinect v2
has a function, which identifies the person (see fig. 5).

presents some advantages with respect to first version: we can
obtain and save the signal for an analysis future, this is
flexible with respect its design, i.e., any student during the
learning process can change a dispositive or redesign it, and
the maintenance is easy to perform. Also, they can learn to
process the signal by Arduino UNO and Matlab thus
achieving to obtain a more precise and robust prototype.

Electrocardiograph
circuit

Electrodes
Data acquisition
target
Figure 5. Heart animation using Kinect v2.

The animation pretends to attract the attention of the
students. This allows them to have a good background and a
better experience. Students can configure and know their own
platform for using it in their courses, for example, physiology.
Note that when the students work as a team and use their own
device, they create new knowledge and experiences, which are
consistent with a transactional approach to learning.

Material
AD620
OPA270
TL084

Price
$5
$1.2
$0.8

Resistors
Capacitors
Cable
Three electrodes of AgCl

$3
$4
$3
$4

Arduino UNO

$7.5

Total Price

$28.5

Table II. Bill of materials

The final prototype (see fig. 7) is presented with the
circuits using custom made printed boards. The price may be
lowered if the components are bought in large quantities. The
hardware includes electrodes, power supply, high impedance
cable, printed circuit, a box and an Arduino UNO.

D. Implementation
Figure 6 depicts the construction of the first educational
prototype and table II shows the price for every component of
the platform as well as its total price, which is about $30 US.
The first prototype was implemented using a protoboard and
an oscilloscope during a course of projects with students of
Mechatronic engineering and Biology degree.

Figure 7. Final prototype of electrocardiograph with data acquisition in
Matlab.

The student interested in building the platform may found
other mounting solutions best suited to his/her budget, skills
and resources.
III. EDUCATIONAL PURPOSES
Figure 6. First prototype of electrocardiograph built in protoboard.

Figure 7 shows the final prototype build; the
electrocardiogram signal is plotted on an oscilloscope. But we
decide that ECG is more sophisticated. The final prototype

Generally, in physiology and natural sciences courses are
necessary to obtain quantifiable results by method scientific,
this is because we need to apply the following focus in our
practices, an education as transaction [12]. Where students
build and construct new ideas through their past experiences

and new knowledge. Also, teachers can combine theory with
practice using this prototype to help explaining theoretical
concepts and stimulate the learning.
The goal is to give to students a tool for learning of the
action potential by an ECG. Therefore, it is essential and
indispensable to learn its interpretation of different study
cases. As well as the basic models and schemes to learn and to
deduce how the paths originate opening the possibilities for
teachers create and formulate questions during a laboratory
practice, for example, some questions can be:
•
•
•
•
•

What parameters are important of the patient?
What are the parts of the cardiac cycle?
According to the bioexperimental results, how to
measure a frequency regular?
What is the role of the cardiac cycle P-QRS-T and
how to influence each one of these?
What do you think that can we conclude with the
information obtained by ECG signal registry? Why?

To study an ECG [6] implies that we must first take into
consideration some parameters about the patient: age, sex and
a brief clinical context, therefore a student should know how
an ECG is registered in a laboratory. To obtain the heart rate
(HR), first we should identify if the cycles are regular or
irregular, for this we must see the RR interval, which is the
time between two events of ventricular systole, and therefore,
ejection to the systemic circulation. In the healthy adult, the
RR interval does not vary beyond 2-3 mm between
consecutive beats. If the frequency is regular, we should only
divide 1500 mm between the RR intervals, this is:

FC =

1500mm
Interval RR (mm)

(3)

Knowing the origin of each wave and each of its
pathological deviations, it is essential to know the morphology
and other characteristics of the waves, spaces and segments
that make up each cycle P-QRS-T [13] (see fig. 8):

become chronic. The QRS complex is altered by problems in
the ventricles. Voltage increases in hypertrophy (growth),
duration in branch blocks and morphology in myocardial
infarction. Its alteration is reflected in the alteration of the T
wave. The T wave, always positive except in aVR. It is altered
whenever the QRS complex (ventricular hypertrophy, branch
block) is altered, in coronary ischemia, and in potassium
disorders.
Although the prototype is mainly aimed at the subject of
electrocardiogram recording, its versatility and portability
make it perfect for supporting other topics such as an
electroencephalogram, electromyogram, an equipment to
obtain neural bursts in ganglion chains in invertebrates,
electrical circuits, modeling of biological systems, data
acquisition target programming, among others. Finally, we
present an ECG signal registry on scope in Matlab given of a
bioexperiment with the prototype built.
IV. BIOXPERIMENTS
The bioexperiments with the prototype are developed by a
personal computer endowed with an Arduino UNO and
Matlab with a group of fifteen students, however, we only
present a test (see fig. 9). The sampling period is set to 0.1 ms
and the numerical integration algorithm is the Runge Kutta
method. The analogic circuit amplifies the output with a
voltage range of millivolts to the order of the volts. Fig. 9
shows the ECG signal registry on scope in Matlab using three
central derivations with electrodes of AgCl.
In order to evaluate the test did with the
electrocardiograph circuit and the visualization system, the
presented signal test was conducted a volunteer with an
average age of 30 years, an average weight of 80 kg and an
average height of 170 cm. We can observe the results of the
ECG signal registry in Matlab. Figure 9 shows the
representative record. The results recorded between the resting
condition and during physical exercise showed that there is an
increase in frequency, without significant changes in the QRS
complex (data not shown).
In addition, the level of basal electrical noise presented in
the registry is pertinent for the analysis and discussion of the
response. The amplifier turns out to be an easily accessible
tool for the Institution and supports school practices in
subjects such as biophysics, animal physiology and human
physiology.

Figure 8. Cycle P-QRS-T.

The P wave is altered by problems in the atrium. It may be
increased (increase in voltage and / or duration), the most
frequent arrhythmia and to observer if it has the tendency to

Finally, the first prototype was presented in the past few
years in the LX Congress National 2017 organized by
Sociedad Mexicana de Ciencias Fisiológicas [14, pp. 375],
where the end of these presentations students, researches and
public asked us about the project and our previous knowledge
on the topics covered. These questions were important
because they helped to improve the design final.

V. DISCUSSIONS AND CONCLUSIONS
During the condition of physical exercise, the increase in
heart rate is derived by the increase in oxygen availability.
This has oxygen availability and cover the metabolic
requirements of the muscle during exercise. The blood
distributes the required oxygen and consequently the heart rate
increases [15]. In this context, the increase observed in the
frequency of the ECG during physical exercise corresponds to
the increase observed in the records obtained. A necessary
condition for the distribution of oxygen in skeletal muscle
[16].
The design and construction of the prototype allowed
obtaining records that can be easily analyzed by students in
the first semesters of the Biology degree. This will allow the
formalization of the theoretical concepts taught and may
correlate the effect of some hormonal responses on the cardiac
cycle. This prototype offers to the user works with the
environment of Kinect v2 and the animation models. An
approach of an interactive system between the movement of a
heart model and the activity recorded from an
electrocardiogram was developed in this project.
The development of motivational interactive system for
students in universities opens new possibilities to experiment
the theoretical knowledge to the practical level. Also, its
portability and easy maintenance make it perfect for studying
other subjects and other applications. For the teachers, it helps
improving the explanation of some theoretical issues
potentially difficult to understand without a physical device.
This work pretends to motivate to students with the heart
animation by Kinect v2. The prototype is considered
inexpensive and easy to build by a student employing readily
available components. It helps to perform testing of
bioexperiments in real-time. Also, the presented registry
shows good performance getting better tools that can
complement learning. As future work, we will want to extend
the testing with other applications, for example: an
electroencephalogram, an electromyogram or an equipment to
obtain neural bursts in ganglion chains in invertebrates. Too,
the use of low-cost software as Scilab based on Linux. In
addition, the commands and functions of Kinect v2 can allow
to develop interfaces and applications with other organs or
body parts.
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Figure 9. ECG signal registry in Matlab. The record shows the representative record of an electrocardiogram of a 30-year-old adult with an average weight of
80 kg. The records show in greater definition the QRS complex of the cardiac cycle. The record allows measuring the difference between frequencies during
different exercise conditions.

