Journal of Biological and Medical
Sciences

Research Article Open Access

Introduction to Design and Manufacture of a Heart Signal Simulator and
Graphic Displayer Based on the ATmega Microcontroller

Shirzadfar H and Khanahmadi M
Department of Biomedical Engineering, Sheikhbahaee University, Isfahan, Iran

Shirzadfar and Khanahmadi, J Biol Med Sci 2018,
2:2

“Corresponding author: Hamidreza Shirzadfar, Department of Biomedical Engineering, Sheikhbahaee University, Isfahan, Iran Tel: +983136530125; E-mail:
h.shirzadfar@shbu.ac.ir

Received date: August 21, 2018; Accepted date: September 03, 2018; Published date: September 10, 2018

Copyright: ©2018 Shirzadfar H, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

The ECG Simulator is a specialized device for testing and calibrating an electrocardiogram. Using this device,
can be monitor electrocardiograms and fix possible errors and problems in the ECG device. Simulator can display
heart signals in different algorithms and based on the signals generated, the electrocardiographic device is
evaluated. Simulator has an important function in the development and design of an electrocardiograph and is an
essential medical device.

This article examines an ECG simulator device with a graphic display that can display heart signals on a display,
and is based on a microcontroller that is inexpensive compared to other ECG simulators, and has Architecture is
simple.

Simulator designed based on two ICs 4521 and 4017, which is used for frequency division and counter. The
quartz crystal to produce a proportional frequency, which is the frequency to set up ICs and Electrocardiograms, can
be generated based on capacitor and resistor connections.

The displayer of this device is based on a microcontroller, which has a simple programming to indicate the signal
obtained from the simulator on the LCD.
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Microcontroller; Displayer the contraction of the heart muscle [5]. The heart has two small holes
called an atrium and two large holes called ventricles, separated by
Introduction walls [6]. The heart consists of four valves called mitral, tricuspid,
pulmonary and aortic, each of which has its own task (Figure 2) [7,8].
The heart is a conical member that is oblique in the middle
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Figure 2: View of the ventricle and atrium and the valves of heart

[9].

Figure 1: Pulmonary pump and systemic pump of heart [4]. The heart of the sympathetic and parasympathetic nerves receives
the nerve that the sympathetic nerves originate from the sympathetic
neck nodes and sympathetic chest, and the parasympathetic nerves
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arise from the vagus nerve, the two nerves connecting below the aorta
(Figure 3). Sympathetic nerves increase heart rate, and
parasympathetic nerves reduce heart rate [10,11].
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Figure 3: Sympathetic and parasympathetic nerves [12].

The arteries are the vessels that Take out blood directly from the
heart, and the veins are the vessels that bring blood back to the heart.
The arteries include aorta and pulmonary, and the veins include the
pulmonary, superior vena cava and inferior vena cava [13]. The heart
rate comes in two stages, called systole and diastolic, which is systolic,
contractile, and diastolic phase of the cardiac rest period (Figure 4)
[14].

According to the electrocardiographic view, the heart has
pacemaker cells, myocardial cells and electrical conductive cells, each
of which plays a role in the formation of electrical activity in the heart
(Figure 5). In the heart conduction system, electrical impulses flow in
the heart, leading to depolarization and repolarization, and blood is
pumped into the body [15].

Systole

Diastole

Figure 4: Systole and diastole stage [16].
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Figure 5: Types of Heart cells [17].

Different activities in the heart create an electrocardiogram from
the heart, consisting of several parts called P wave, PR interval, QRS
complex, ST segment, T wave, QT interval and U wave (Figure 6). The
wave P represents the depolarization of the inside myocardium atrium.
The QRS complex is due to the depolarization and contraction of the
ventricles. The wave T represents the depolarization of ventricles. The
QT interval represents the time needed for ventricles activity in a
cardiac cycle [18].

0.04 sec 0.2 sec
—
>_|ECG Gild Bo ar
EI (| interval
° o
|
i
et PR ([ T
interval |
g
ard T
P —
| N u
\___\J M N 2 NI~ L
| |
- ST
L' PR regmenT
Figure 6: Electrocardiogram waves [19].

The electrocardiograph device is responsible for recording and
displaying the electrical potential of the heart, an essential diagnostic
device in the medical field that can be used to monitor the status of
cardiovascular function. Based on recorded signals, one can evaluate
the heart health of individuals [20].

Due to the fact that the device is directly related to the patient, it
should be safe and highly accurate so as not to cause any problems in
the evaluation of heart signals. Therefore, checking the accuracy of
diagnostic devices, especially the ECG, is important. To evaluate the
ECG device, a simulator is used to simulate heart signals with different
algorithms, and to check the function of the ECG device to ensure the
accuracy of the ECG device [21].
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Materials and Methods

In this article, the ECG simulator was designed and built with a
graphic displayer, who easily simulates heart signals; the block diagram
of ECG simulator is depicted in the Figure 7.

Frequency
Source |— Oscillator |—f Counter Generate a
Divider heart signal
Display the Microcontrol Converter
lheart signal ler N AD

Figure 7: The block diagram of ECG simulator.

In designing this simulator, its circuit is powered by a direct source,
which causes the crystal in the circuit to start and generate the
required frequency.The first IC, which is the frequency divider, divides
the frequency produced by the crystal and transfers it to the second IC,
which is the second IC type of counter. By activated different pins
second IC and with series and parallel connections of capacitors and
resistors, electrocardiograms can be generated and create a normal
heart signal.

The first IC can generate a signal in two different quantities, which
can be used to make the heart signal in the maximum and minimum
state. To display the electrocardiogram signal produced by simulator, a
displayer was used, which is made of a graphic LCD. In this block of
diagrams, the analog-to-digital converter converts the amount of
analogue obtained from the simulator to a digital level.

Then, the necessary processing and analysis is done by the
ATmega32 microcontroller compiled by the BASIC language. Finally,
the signal is amplified by the operational amplifier. The heart signal
obtained by the Simulator is displayed on the LCD [22]. The block
diagram of the circuit elements and their operation is shown in Figure
8.
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Figure 8: The block diagram of the circuit elements.

Measurements

By connecting the simulator to the oscilloscope, electrocardiograms
generated by the simulator can be displayed and calculated the heart
rate according to the signal. Also, these electrocardiograms can be
displayed using a displayer designed to display an electrocardiogram
(Figure 9).

Figure 9: Designed Simulator to display electrocardiograms by the
displayer.

Results

This paper focuses on the design of an ECG simulator, which is
made up of very simple electronic circuitry, making it easy and low
costs. This Simulator is made up of accessible ICs and low cost
elements. The simulator also has a display that can quickly display the
signal on the graphic LCD and perform the necessary calculations and
examinations with speed and accuracy. The display is based on a
programmable microcontroller, which can be used to start the
microcontroller with BASIC language and using the necessary
processing and analysis. This signal is almost accompanied by very
little noise caused by lines of power and ground.

Discussions

In this research, the design and construction of a simulator of heart
signals was investigated. This simulator consists of electronic
components, including IC frequency dividers, IC counters and various
types of capacitors and resistors. This simulator has a very simple
design than other simulators, and its construction is not complexity.
This simulator can be built with the smallest number of electronic
components, so it is very low cost. This simulator does not require any
programming, and with the two existing ICs, can be create heart
signals.

In this paper, to enhance the ability of this simulator, we used a
displayer to display heart signals. Thus, by connecting the simulator to
the displayer, the cardiac signals can be graphically displayed
accurately and quickly. The displayer consists of a microcontroller that
is programmed in BASIC language. This microcontroller displays
clearly a heart signal by connecting to a graphic LCD. This displayer is
very inexpensive than other displayers and has a simple programming.
The displayer also has the ability to adjust and can display a variety of
waveforms with this displayer.

Finally, by connecting the simulator to the displayer can be having a
complete and accurate ECG simulator. It has the ability to display the
heart signal and also portable. Other simulators are more cost-effective
and also require more design and programming, and most of these
simulators have no graphical display and cannot display the heart's
signal simultaneously.

In the future, for the better performance of this simulator, using the
FIR (Finite Impulse Response) filter, it eliminates the sinusoidal noise,
which has an Impulse Response with Finite Time. If the Impulse
function is applied to the input filter, the output will be zero after the
sample N; this filter type will also be used to remove noise from ECG
signals.
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Also, a low pass filter in the circuit output can be used to remove the
noise in the Simulator circuit. To enhance this simulator, the number
of channels in this simulator can be increased so that every 12 leads of
the ECG can be evaluated.

Conclusion

In this article, an ECG simulator was investigated. The simulator has
a simple electronic circuit and, based on its simple architecture; it can
be easily and produced at a low cost. The simulator is made up of
portable and inexpensive elements, which can accurately display the
heart signal and evaluate the ECG device. This simulator is portable,
and signals from the Simulator can be displayed on the display, and the
electrocardiogram can be quickly evaluated and tested.
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