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ABSTRACT

Electrocardiogram or ECG is the one signal in the biomedical term that is a
significant role in heart diagnosis. An electrocardiogram records the electrical signal from
the heart. It is a quick and non-invasive way to detect signals from the heart. So, the result
of the electrocardiogram record will monitor the graph of the heart that has a problem and
check the health of a patient and treat a patient in the right diagnosis. Commercial ECG
simulators are quite expensive, and some companies do not need to buy a fully functional
ECG simulator on the market. It has to be calibrated because some medical devices have
ECG graph function as an optional function, such as an ultrasound machine. When buying
a commercially available ECG simulator, it is a huge waste of budget. In this project, we
want to create the ECG simulator by using Arduino. The user can use it more easily and
got the effective ECG signal result as a commercial ECG simulator by using low cost. As
a result of the project, we can build an ECG simulator using an Arduino Mega 2560 as a
microcontroller. In addition, the ECG simulator can adjust the heart rate of the ECG graph,
it can be in the range of 30 - 300 beats per minute. The amplitude can be adjusted at three
levels: x1, x2, and x4. Moreover, the measurement error value is not exceeded by the
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CHAPTER 1

INTRODUCTION

This chapter provides background and significant of the study, objective of the

study, scope of study, period of research and company to practice experience and research.

1.1 Background and significant of the study

Electrocardiogram or ECG is a medical device that uses to record the rhythm of the
heart, particularly abnormal rhythm of the heart can occur from damaged conductive tissue
that carries the electrical signal or electrolyte imbalance that can cause abnormal rhythm
of the heart [1]. An electrocardiograph is a medical diagnostic tool to measure the electrical
signal in the heart and record the activity of the heart in deep detail. The interpretation of
these detail allows diagnosis of a wide range of heart situations. These situations can vary
from monitor to life-threatening [2].

In medical use, they use the ECG signal to obtain information about the electrical
function of the heart. This information is numerous and desires to be blended with
understanding of the characteristic of the of the heart and physical examination signs to be
interpreted. The example of medical diagnosis by using ECG signal, there are chest pain
or myocardial infarction (heart attack), a symptom of the heart (murmurs, arrhythmias),
electrolyte abnormalities, etc. [4]. In nowadays, there are many companies manufacture the
electrocardiogram simulator instrument (ECG simulator) to meet the need of medical terms
by the function of commercial ECG simulator will use for an ECG function testing of the
medical device. The main function of the ECG simulator, it uses to calibrate ECG function
on the medical device to the standard value by following the value of standard of ECG
waveform. The modern ECG simulator instrument, its manufacturer with an automatic
ECG waveform recognition, measurement, and necessary to be standard testing of ECG
function of a medical device. A modern ECG, simulator instrument is carefully about the
ECG signal value because it uses to select the set of ECG signal testing to most accurate
and correctly on the medical standard to prevent misdiagnosis [1]. Moreover, the accuracy

to recognize ECG waveforms on the standard of commercial ECG simulators, the



capability to measure ECG in many leads and the other functions in the commercial ECG
simulator instrument make the simulator instrument have an expensive cost. The expensive
cost of commercial ECG simulator instruments is a limitation of many hospitals that are
limited in the management of medical devices and some hospitals unable to buy the
standard ECG simulator to calibrate the ECG function of the medical devices on the
standard value.

From the above information, it though about the importance of ECG signal that
uses to diagnose many symptoms about the heart by looking from the electrical signal value
of heart and in medical term, electrocardiograph is a medical diagnosis tool that necessary
to measure ECG signal to diagnosis a patient and it has to test the ECG signal value in very
carefully to get an accurate ECG waveform as same as a real human. Therefore, an
electrocardiograph simulator is a necessary device to generate an electrical signal that can
mimic the human heart electrical signals and it uses be a device that uses to calibrate ECG
signals on the medical device on the standard. Moreover, the commercial ECG simulators
are quite expensive, and a few groups do now no longer have the want to buy a completely
useful ECG simulator at the market. In order to have to calibrate the machine because some
medical devices have ECG graph function as an optional function, such as an ultrasound
machine. When buying a commercially to be had ECG simulator, it's miles a massive waste
of budget. For this project, want to create the ECG simulator by the user can use it more
easily and got the effective ECG signal result as a commercial ECG simulator by using low
cost.

1.2 Objective of the study
1 To create ECG simulator by using Arduino.

2 To create ECG simulator at an affordable price, easy to use and accurate.

1.3 Scope of study
1 Using micro-SD card module to import ECG signal data.
2 Using DAC module to export ECG signal data.
3 Testing the ECG signal by showing ECG graph in oscilloscope and patient

monitor.



1.4 Period of research
The research runs from January 2021 to April 2021 for a period of approximately
17 weeks, with a time of 5 days per week.

Table 1 Period of research

Topic January February March April
(week) (week) (week) (week)

123 4,123/ 41234 5 1 2 3 4

1. Defining the
Topic and study the
working principle of
ECG simulator

2. Planning the
procedures

3. Defining the
experimental steps
and the equipment
required.

4. Buy the
equipment and
check the
equipment.

5. Assemble the
equipment and write
the code for create
ECG simulator.

6. Test the result of
ECG signal on
oscilloscope and
patient monitor.

7.Improved and
stabilize the output

8. Design the cover
box and assemble




1.5 A company to practice experience and research

- CMC BIOTECH CO., LTD.

Address 364 Soi Ladphrao 94 (Panjamitr) Ladphrao Road, Phlabphla, Wang
Thong Lang, Bangkok 10310, Thailand



CHAPTER 2

Literature Review, Material Review, and Related Software

2.1 Literature Review

2.1.1 Heart

The heart is an important muscular organ in the human body, consist of cardiac
muscles and connective tissue. The main function of the heart is to serve as pumping blood
supplied by the circulatory system in the body. The heart is a central part of the circulatory
system, which supplied oxygen and the other important nutrient that the body needed to
sustain life. In the human, the heart is located between the two lungs and it slightly to the
left of the center. It rests on the side of the diaphragm between the chest and abdominal

cavity shown in Figurel.[16]

First rib (cut)

Base of heart

Figure 1 Location of heart in the thoracic cavity [18]

In humans, the heart has a double pump feature that is used to transport blood away from
the heart and transport blood back to the heart. The blood circulatory system in the heart
will pump the deoxygenated blood away from the heart to the lungs and then exchange the
oxygen and carbon dioxide in the blood at lungs then the blood after pass the gas exchange

process, it become to oxygenated blood. The oxygenated blood is transported back to the



heart, the heart will pump oxygenated blood to supply oxygen to the body by through the
blood circulatory system and this process of system is serves to send the oxygen to
nourishes the organs of the body and body’s tissue. The heart is consisting of three layers
of muscle, there are myocardium, pericardium, and endocardium. The myocardium is a
thick layer of cardiac muscle; this is a muscle that contracts to pump blood through the
body’s tissue. The pericardium is a thin layer that covered the heart. The last layer of heart
is an endocardium layer. This layer is an inner layer of heart, the characteristics of the

endocardium are thin and smooth muscle.[17]

2.1.1.1 Heart layers

Heart walls compose of many types of tissues, there are connective tissue,
endocardium, and cardiac muscle. The heart walls are related with the cardiac muscle to
enable heart contraction and allow the synchronization of heart to occur a heartbeat. The
heart layers are divided into three layers conmsist of epicardium, myocardium, and
endocardium shown in Figure2.[27]

Pericardial Fibrous
cavity pericardium

Myocardium

Endocardium

Parietal
pericardium

Visceral pericardium
(epicardium)

Figure 2 The layers of heart wall [26]



1 Epicardium: The outer layer of the heart and it knows as a visceral
pericardium layer. This layer composes of the connective tissues, include the elastic fiber
and adipose tissue. The epicardium layer serves as a protection layer that use to protect the
inner layer of heart and this layer is produced the pericardial fluid to fill the pericardial
cavity by this fluid will reduce the friction of heart. And in the epicardium layer can found
the coronary blood vessels that use to supply blood to nourish the heart.

2 Myocardium: The middle layer of the heart. This layer is consisting of a
cardiac muscle and the cardiac muscle relate to heart contraction. The myocardium layer
is the thickest layer of the heart wall, and the thickness of the heart wall are depending on
the use of heart muscle. For Example, the myocardium layer of the left ventricle is thickest
layer because this ventricle uses to pump the oxygenated blood to supply the body. And
the contraction of cardiac muscle is controlled by the automatic nervous system (ANS) that
we cannot order the heart arrest.

3 Endocardium: The inner layer of the heart. This layer is composed of soft
tissue and elastic fiber. And it is a layer that assists in forming the heart’s valves. The main
soft tissue in the endocardium layer is epithelial tissue, this tissue used to overline the thin
layer of connective tissue. The main function of the endocardium layer is to provide the

protection to heart’s valve and heart’s chamber.

2.1.1.2 Heart’s chamber and circulation through heart.

The heart is divided into four chambers and the heart cavity is divided into
the right heart and left heart, which right and left heart are subdivided into two chambers.
The subdivide chamber of the right and left heart can divide into upper and lower sections
of the heart’s chambers. The upper chambers are called an atrium and the lower chambers
are called the ventricle. The heart chambers are related to the cardiovascular system, the
left heart’s chamber relates with receive and transports the deoxygenated blood to the lungs
and the right heart’s chamber relates to receive and transport the oxygenated blood to
supply the body. The receive and transport depend on the role of each heart’s chamber. The
relationship between the heart’s chamber and the direction of blood circulation through the
heart’s chamber is shown in Figure3.[19] According to the character and role of each heart

chamber in human is describes as the following: [19,21]



superior
venacava—__

& >
- 4 pulmonary
pulmonary (vem
vein

right '
atrium Iaetfrtium

pulmonary )
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valve
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valve

inferior

venacava—

right ventricle left ventricle

Figure 3 Heart’s chamber and circulation direction [20]

1 Right Atrium: The right atrium serves as receiving the blood from the
superior vena cava, inferior vena cava, and coronary vein. The blood that transport to the
right atrium is a deoxygenated blood. The superior vena cava will bring blood from the
upper part of the body starting from diaphragm, there are head, neck, upper limbs, and
thoracic region. The inferior vena cava will bring the deoxygenated blood from the lower
and middle part of the body, there are the lower limbs and abdominopelvic region. And the
coronary vein will transport the deoxygenated blood to the right atrium. This chamber will
pump the deoxygenated blood to the right ventricle by blood will flow through the tricuspid
valve. The tricuspid valve serves as a guard to prevent blood flow back from right ventricle
to right atrium. The right atrium and left atrium are separated by the solid muscular called

the interatrial septum.



Superior vena cava Left pulmonary artery

Right pulmonary artery Left atrium

Pulmonary trunk Left pulmonary veins

Right pulmonary

veins Mitral (bicuspid) valve

Right atrium
Aortic valve

Fossa ovalis
Tricuspid valve Pulmonary valve

Right ventricle Left ventricle

Chordae tendineae — Papillary muscle
——— Interventricular septum
Epicardium

<~/ — Myocardium

Endocardium

Trabeculae carneae

Moderator band

Inferior vena cava

Figure 4 The anatomy of heart in anterior view [19]

2 2 Left Atrium: The left atrium is a chamber that serves as receiving the
oxygenated blood from the pulmonary veins and pump blood through the left ventricle.
Pumping blood from the left atria to the left ventricle has a mitral valve. The Mitral valve
serves as a guard valve to prevent blood flow back from the left ventricle to the left atrium.
This chamber will receive the blood after passes the gas exchanging process at the
pulmonary capillaries in the lungs. After gases exchange in blood, the blood becomes to
be high oxygenated blood and it is transported back to the left atrium through the
pulmonary vein.

3 Right Ventricle: The right ventricle will receive the deoxygenated blood
from the right atrium through the pulmonary artery. The deoxygenated from right ventricle
will flow out from heart to exchanging gas at lung and the deoxygenated blood directly
flow to lung through the pulmonary trunk and pulmonary artery. In the pulmonary trunk
has a pulmonary valve. The pulmonary valve serves as a guard to allow blood leave to the
heart though the pulmonary artery in one way and prevent blood flow back to the heart. the
ventricle is divided in right and left ventricle by the interventricular septum. The
interventricular septum is a solid muscular and the characteristic of interventricular septum
is thicker than the interatrial septum since the ventricle chamber generates high pressure

when the heart is contracted. Right ventricle attached to the strong stand of the connective
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tissue called the chordae tendineae and this strand is connected to tricuspid valve. And the
function of chordae tendineae is forced the heart valve open and close by work with the

papillary muscle.

Arch of aorta

Superior vena cava

Pulmonary trunk

__— Leftauricle
" Anterior semilunar cusp

. . Pulmonal
Right semilunar cusp L v:lve L

" [
Right atrium Left semilunar cusp

"\ Conus arteriosus
Tricuspid Anterior cusp Septal papillary muscle
valve Septal cusp
Posterior cusp —
. —— Septomarginal trabecula

Chordae tendineae

Anterior papillary muscle Posterior papillary muscle

Trabeculae carneae

Figure 5 The papillary muscle and chordae tendineae attached to a tricuspid valve [23]

4 Left Ventricle: In left ventricle serves as receiving the oxygenated blood
from the left atrium and pump oxygenated blood out of the heart to bringing the oxygenated
and nutrient supply to the organs and tissues in the body. When blood flow from the left
atrium to the left ventricle will pass the mitral valve and the mitral valve is a guard valve
to allow blood flow in one direction and prevent blood flow back. This chamber is the
thickest chamber of the heart and has high pressure in this chamber because it’s the
responsibility to pumping the oxygenated blood through the aorta and to nourish the tissue
and organs all over the body through the aorta.

2.1.1.3 Heart’s Valves

In the heart’s human, there are four main heart valves for each heart
chamber. The main function of the heart’s valve is to keep blood moving in one direction
or allow blood flow in one direction to prevent blood flow back. A heart’s valve can open
or close are depending on the cardiac cycle and the blood pressure on the heart’s chamber.
The characteristic of the heart’s valve is elastic tissue to provide the flexibility of the heart

valve for open and closed properly. The four heart valves in the human are as follows:
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Pulmonary veins

Tricuspid valve /

Right

et Mitral
atrium valve
Aortic
valve

Left atrium
Pulmonary valve

Figure 6 Human heart valves [25]

1 Mitral Valve

This valve knows as a bicuspid valve, and it is located between the left
atrium and left ventricle. When the mitral valve opened, mitral valve will allow the blood
flow one direction from the left atrium to the left ventricle. And when the mitral valve is
closed, this valve will allow the oxygenated blood to fill blood to the left atrium. The
function of mitral valve is control blood flow in one direction and prevent blood flow back
from left ventricle to left atrium.

2 Tricuspid Valve

This valve is located between the right atrium and right ventricle. When the
tricuspid valve opened, a tricuspid valve will allow blood flow from the right atrium to the
right ventricle. And after blood flow to the right ventricle, the tricuspid valve will close, it
will allow the blood to fill the right atrium. The function of the tricuspid valve is to prevent

blood backflow from the right atrium to the right ventricle.
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3 Aortic Valve

This valve is located between the left ventricle and aorta. The aortic valve
serves as a valve to allow the oxygenated blood to flow out from the heart and prevent
oxygenated blood backflow to the left ventricle.

4 Pulmonary Valve

This valve is located between the right ventricle and pulmonary artery.
When this valve opened, it will allow the deoxygenated blood flow from the right ventricle
out of heart by through the pulmonary artery to bring the deoxygenated blood come to gas
exchange process at the lungs. When the pulmonary valve closes, this valve will prevent

blood backflow from the pulmonary artery to right ventricle.
2.1.2 The Cardiac Cycle

The cardiac cycle in the human body is a performance of the heart and the cycle
starting from the ending of the ECG waveform to the beginning of the new ECG waveform.
The cardiac cycle is the pattern of the heart contraction and heart relaxation to complete
one ECG waveform or one heartbeat. This cycle consists of two periods: the relaxation of
cardiac muscle after contraction and refills blood knows as diastole, the contraction of the
heart muscle, and pumping blood know as systole. This was related to heart sound of
human that called “lub” and “dub” sounds. This the cardiac cycle related to the changing
blood pressure in the heart chamber by causing of contracting and relaxing of the cardiac
muscle and it occurred the electrical signal in the heart called an electrocardiogram. The
importance of the cardiac cycle is to ensure the efficiency of pumping blood to the body
by checking from the heartbeat. The clinical will use the cardiac cycle to analyze medical

basic information to check cardiac inpatient and plan patient treatment accuracy. [28,29,3
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Figure 7 The cardiac cycle corresponding with ECG waveform [28]

The following diagram shows the period of the cardiac cycle when the heart
chamber is contracting or relaxing during each cardiac cycle. Each period of the cardiac
cycle will record the electrical activity of the heart while the heart muscle is depolarizing

or repolarizing in each period. The phase of the cardiac cycle consists of five phases:

2.1.2.1 Atrial Systole

This phase is both atria contracted while both ventricles come to the last
stage of relaxation. The atrial systole phase is following the P wave of ECG waveform by
ECG recording is produced from wave depolarization that sweeps across the atrium
chambers. The atrial muscle is contracted the right atria and left atria at the same time and
then the pressure rises in the atrium and then atrium chamber will pump blood to the

ventricle chamber.
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Figure 8 The cardiac cycle corresponding with ECG waveform [33]

2.1.2.2 Ventricular Isovolumetric Contraction

The ventricular isovolumetric contraction occurs when the atrium chamber
begins relaxing, and the ventricle chamber begins to contract. This phase is initiate from a
depolarization wave the sweeps across both ventricles and it is recording in QRS complex
wave on ECG. The end of the atrial systole phase, initially as a ventricle contraction, and
the pressure on blood in the ventricle chamber. The blood pressure in the ventricle
chambers is a quick rise pressure, while the atria are relaxing. The pressure in the ventricle
chamber is raised but the pressure in the ventricle chamber is not high enough pressure to
open the pulmonary valve and aortic valve. While the atria are relaxing and blood in
ventricle backflow toward the atria chamber and then tricuspid and mitral valves are closed
the blood in the ventricle chamber is not ejected from the ventricles in the early stage and
it makes the volume of blood in the ventricle chamber constant. So, this phase is an initial

phase of an isovolumetric ventricular contraction.
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Figure 9 Ventricular isovolumetric contraction phase corresponding with
electrocardiogram [33]

2.1.2.3 Ventricular Eject

This phase occurs when the ventricular chamber continues contraction, and
the atria chamber remains in the diastole phase. For the electrocardiogram, while the
ventricle continues to contract and filling the phase of the beginning near the end of the
QRS complex wave and then occur T wave on an ECG. The ventricular contraction is
caused by the pressure in the ventricle chamber rise higher than the pressure in the
pulmonary trunk and aorta arteries, which push the blood through the semilunar valve. The
pressure generated in the ventricular eject phase is generated by the left ventricle by it is
referenced from the existing high pressure in the aorta. And both ventricles will pump the

same amount of blood and the quantity of blood referred to as the stoke volume.
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Figure 10 Ventricular ejection phase corresponding with electrocardiogram [33]

2.1.2.4 Ventricular Isovolumetric Relaxation

This phase occurs during ventricular relaxation (the early stage of
ventricular diastole) and atria relaxation (the middle stage of atrial diastole). The
ventricular muscle started to relax and the pressure of blood in the ventricle begins to fall.
The period time of ventricular isovolumetric relaxation phase corresponds to ECG by
referred to the end portion of T wave on ECG recording. When the pressure in the ventricle
chamber dropped, the pressure in the pulmonary trunk and aorta is dropped. And blood in
the ventricle chamber will flow back toward the heart, then the semilunar valves closed to
prevent blood backflow into the heart. And since the tricuspid and mitral valve are closed,
it gets the volume of blood does not change at the ventricle chamber. So that the early

phase of ventricle diastole is called the isovolumetric ventricle relaxation phase.
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Figure 11 Ventricular isovolumetric relaxation corresponding

with electrocardiogram [33]

2.1.2.5 Ventricular Filling

The ventricular filling phase occurred during the middle phase of the
ventricular relaxation and the atrial relaxation which corresponding to the period between
the end of the one ECG recording and starts a new ECG wave. In this phase, ventricular
muscles are relaxing and the pressure in blood at the ventricle chamber continues to
decrease. Blood flow from the atria chamber to the ventricle chamber, the atrioventricular
valves are opened, and semilunar valves are closed to prevent blood backflow to the
ventricle chamber from the pulmonary trunk and aorta arteries. At this stage, it will finish

the complete of cardiac cycle of heart in one cycle. [31,32,33]
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Figure 12 Ventricular filling phase corresponding with electrocardiogram [33]

2.1.3 Electrocardiogram

The electrocardiogram or ECG is the simplest and fastest test that use to evaluate
the activity of the heart and it important for heart diagnostics and suitable treatment plans
of patients. The electrocardiogram is detected the electrical activity generated by the heart
when the heart is contracting. The machine that uses to record the ECG of a patient is called
the electrocardiograph. The electrocardiograph will record the electrical activity of heart
muscle in form of a graph and display the ECG data as a trace on the ECG paper. The
electrical potential in the heart is generated by the conduction system component in heart,
there are sinoatrial node (SA node), atrioventricular node (AV node), the bundle of his, and
the Purkinje fibers. Detecting the electrical activity or electrical potential of the heart, the
ECG signal is too small and difficult to reading. It has to use the electrodes attach to the
surface skin as an intermediary to sending a signal through the electrodes then can see the

ECG signal on the monitor. [34,35]
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2.1.3.1 Sinoatrial Node (SA node)

The SA node is a natural peacemaker of the heart, it consists of a cluster of
cells located at the upper part of the right atrium. The cluster cell can produce the electrical
impulse and electrical impulses will travel through the heart conduction system that
causing heart contraction, blood pumping, and rhythm and rate of the heart. The electrical
impulse generated in the SA node will move from cell to cell and through the cardiac

muscle into the atrioventricular node (AV node). [36,37]

2.1.3.2 Atrioventricular Node (AV node)

the AV node located at the center of heart between the atria and ventricles.
The AV node is a gate of electrical impulse from the SA node by the signal in the AV node
will be a slow electrical current before the signal can permit and pass to the ventricle
chamber in a short period. The delayed electrical current at the AV node ensures that the
atria have a chance to fully contract before the ventricles chamber are stimulated. After the
electrical impulse AV node at the ventricle chamber, the electrical impulse will continue

to travel down to the conduction pathway.[37]

2.1.3.3 Bundle of His

The bundle of his is an important element in the electrical conduction
system. The bundle of his used to transmit the electrical impulse from the AV node to the
point of the apex with the bundle of his branches and the electrical impulse travels to the
Purkinje fiber and the Purkinje fiber will provide the electrical conduction to the ventricle
chamber and it is a causing the cardiac muscle in ventricles to contract. [38]

2.1.3.4 Purkinje Fiber

The Purkinje fibers are located at the surface of ventricle chamber wall. It
is a last part of the electrical conduction system of heart. The Purkinje fiber is specialized
of the conducting fibers by Purkinje fibers are composed of the electrically excitable cells.
The Purkinje fiber can rapidly transmit the electrical impulse from the AV node into the
ventricles chamber. And the rapid conduction is allowed the ventricular systole (ventricles

contraction).[39]
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Figure 13 The electrical system of the heart [72]

2.1.4 The characteristic of the normal electrocardiogram (ECG)

The normal electrocardiogram or ECG waveform is characterized from the
evaluation of the morphology of the wave and the intervals period on the ECG waveform.
The overview of the ECG waveform and interval period of ECG shows in Figurel4. The
ECG waveform is related to the cardiac cycle in the depolarization and repolarization
process when the heart is contracting or relaxing. So, the characteristic of the normal

electrocardiogram can divide the waves and intervals as follows:

—
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Figure 14 The electrical system of the heart [40]
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2.1.4.1 P wave
For P-wave is represent the atrial depolarization by the depolarization wave
originated in the SA node, which is a result of the atrial contraction (atria systole). The

normal size of the P-wave has a duration of less than 120ms and amplitude less than 2.5mm.

2.1.4.2 PR Interval
The distance line between the starting point of the P wave and the end
distance at the beginning of the QRS complex, PR interval used to determine the time when

electrical impulse moves from the atrium to ventricles in normal stage.

2.1.4.3 PR Segment
The flat line between the end of the P wave and the start point of the QRS
complex. PR Segment used to reflect the slow electrical impulse that move through the AV

node. The function of the PR segment is to be a baseline of ECG waveform.

2.1.4.4 QRS complex

The QRS complex is a period of ECG waveform that occurs while ventricle
depolarization. And this period appears the related three waves on the ECG waveform. The
QRS complex reflects the left ventricular depolarization. A short period of QRS complex
means the ventricles are depolarized rapidly, which it turns implied to the conduction
system. A wide period of QRS complex means the ventricle slowly depolarization, it may

be a dysfunction in the conduction system.

2.1.4.5 ST Segment

The ST segment is a line on ECG waveform that starts from the end of the
QRS complex to the beginning of the T wave. This segment is an isoelectric line of ECG
waveform. ST segments represent the time between depolarization and repolarization of
the ventricles chamber. The ST segment must study in carefully since it has a wide range
of conditions.

2.1.4.6 T wave

The T wave occurs when ventricular repolarization by T wave will appear
as a small wave after a complete QRS complex. T wave used to reflect the rapid
repolarization of contractile cell in the heart. T wave changing can occur in a wide range
of conditions. The normal T wave should be a slightly asymmetric and steeper slope

downward and has a same direction as QRS complex in the normal ECG waveform.
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2.1.4.7 QT interval
The QT interval period starts from the starting point QRS complex and
finished at the end of the T wave. The QT interval is used to determine the time of ventricles

when ventricles are taken time to depolarization and the repolarization.

2.1.5 The leads of electrocardiogram

The ECQG leads are related to the lead system, and we need to explain the difference
between ECG leads and ECG electrodes. The electrode of ECG is a part of the conductive
pad that is used to attach an ECG pad to the skin of the human body and then we can enable
recording the electrical currents from the heart. ECG leads are graphical that use to describe
the electrical activity on the heart. The graphical of ECG is created by analyzing the several
electrodes. In the other words, each ECG leads can compute the different electrical currents
detecting from the heart by using several electrodes. For the standard ECG, there are
unipolar leads and bipolar leads. Unipolar leads are divided into two-part consist of
augmented leads and chest leads, the unipolar lead has a single positive recording of the
electrical current from the ECG electrode, and the other electrodes serve as a composite
negative electrode. Bipolar leads are utilizing a single positive electrode and a single
negative electrode to measure the electrical potential of ECG on the body. The bipolar leads
as known as standard limb leads. Normally, when ECG in humans is recorded, all leads are
recorded and called 12 lead ECG. The most of ECG standard is referred in 12 lead that is
recommended for diagnosis the abnormal of heart in deep detail and more accuracy for
diagnosis abnormal of the heart than unipolar leads and bipolar leads (standard limb leads).
For unipolar leads and bipolar leads with heart diagnostic, the doctor will use to check a
basic of heart activity, diagnosis the basis abnormal of heart from ECG waveform’s patient
and a doctor can plan the initial treatment of heart when found the abnormal of the electrical
activity of the heart through the ECG graph.[45]

2.1.5.1 Limb Leads (Bipolar)

The bipolar recording is a standard limb lead configuration depicted and
shown in Figure.15 by conventional. In bipolar leads, lead I is a positive electrode, and it
is attached to the left arm and the negative electrode will attach to the right arm. And the
last electrode of lead I will be a reference electrode and it will attach with the left leg to

serve as a ground on the body and use this electrode to record the ECG signal from the
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body. In the configuration of lead II, the positive electrode will attach to the left leg, the
negative electrode will attach to the right arm and the reference electrode will attach to the
left leg. The lead III has a positive electrode on the left leg and a negative electrode on the
left arm show in the picture below. So that, the bipolar lead can measure the electrical

potential in each lead from the different electrical potential on two arms.

- "~ -~
b .

LL

’
1 P 1

Figure 15 Standard limb lead (bipolar) [46]

The three bipolar limb leads have a shape like a triangle by each lead passes through
the heart by heart will be the center of the triangle of a bipolar lead. The triangle of bipolar
lead is called the Einthoven’s triangle and this triangle name is created to honor Willem
Einthoven who the first person to develop the electrocardiogram in the 1900s. Measuring
the difference of electrical potential in the heart by using bipolar lead, it based on the ECG
rules when a wave is depolarized. The maximal positive of ECG deflection occurs at lead
I when a cardiac wave is a depolarization and then the electrical potential traveled in
parallel to the axis of the right and left arms. If a wave of depolarization is away from the
left arms and the defection of ECG will be negative. The ECG rules, a wave of
repolarization will move away from the left arm, and it is recorded as a positive deflection.
The limb leads of Einthoven’s triangle are collapse and superimpose over the heart, the
positive electrode for lead I am a zero degree that relates to the heart can measure voltage
in the horizontal axis between LL and RA as shown in Figure below. The positive electrode

for lead II is +60 degrees relate to the heart (RA to LL) and the positive electrode for lead
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III is +120 degrees relate to the heart (LA to LL). The axis reference system starts from
measuring the electrical from heart depolarizing by a wave depolarizing will travel to +60
degree and it produces the greatest positive deflection in lead II. The electrical potential of
each lead can calculate follow Einthoven’s triangle formula: [46]

Lead I = LA—RA

Lead Il = LL — RA

Lead Il = LL — LA

LL

I
1
1
1
1
1
1

Figure 16 The axis reference system of standard limb lead [46]

2.1.5.2 Augmented Limb Leads (Unipolar)

The three augmented limb leads are unipolar leads because it has a single
positive electrode that is a reference node and other electrodes be a negative electrode. The
positive electrodes of the augmented limb leads can place on the body in three-position as
a standard limb lead position, there is a right arm(aVR), the left arm(aVL), and the last
position is the left leg(aVF). All leads are the same electrode that uses in the standard limb
leads. The three augmented leads are using the axial reference system by aVL lead is -30
degree relate to the heart at lead I axis; aVR is at -150 degree relate to heart and aVF is at
+90 degree relate to the heart. And it is important to learn the learn each lead associate with
each axis. The electrical potential of augmented limb lead can calculate from the formula

below:
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aVR=RA— -(LA+LL) = Z(RA-V,) =- =

aVL = LA — %(RA+LA)= g(LA—VW)=1—§

aVF = LL — %(RA+LA) = %(LL—VW)z”—é

Figure 17 The axis reference system of standard limb lead (Unipolar) [73]

2.1.5.3 Chest Leads (Unipolar)

The configuration of chest leads is placed the six positive electrodes on the
chest in different regions of the heart by the electrode that placed on the chest will record
the electrical activity of the heart in a perpendicular plane to a frontal plane. The name of
the six chest leads is named V1 — V6. The rule of ECG interpretation is the same rules as
a standard limb leads. For example, a wave when heart depolarization, will travel to the
particular electrode on the chest surface, and then the electrode on the chest surface will
occur a positive deflection. The chest leads are used to provide a different view of electrical
activity in the heart by chest leads can record the electrical activity in the perpendicular
plane that can see the electrical activity in heart in more detail than limb leads, and
augmented limb leads. The recording of the ECG waveform is different electrical voltage
depends on each electrode on the chest surface and see more electrical activity in the heart

than standard limb leads. This chest leads us to understand how the cardiac electrical



26

current is generated in heart and ECG tracing. The importance of chest leads is necessary

to understand the volume conductor principle and vectors.
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Figure 18 The electrocardiogram chest leads (Unipolar) [74]

2.1.6 Developing of lead system theory
The Discovery of the lead system of the electrocardiogram is occurred from
experiments and the establishment of many scientists to discover the lead system of the
electrocardiogram to see the ECG signal inside the body and can diagnosis about the
electrical activity in the heart. Different scientists have different theorems to discover and
improve the lead system. According to developing the lead system of an electrocardiogram
are follows:
2.1.6.1 Einthoven’s lead system
The Einthoven’s triangle is the first theorem of recording the
electrocardiogram from the body. This theorem is discovered by Willem Einthoven. He
was a Dutch physician, and he invented the first electrocardiogram machine in the 1895s.
In the 1903s, Einthoven can record the first electrocardiogram in the world. The
methodology to measure electrocardiogram of body, he created a prototype of string

galvanometer by the way that he wants to contact his equipment to the body was place the
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arm and leg in a cold bucket and inside the bucket has a salt solution. Einthoven can
produce a sufficient contact resistance to the body and make the first electrocardiogram.
The first electrocardiogram is visible from the helping of a string galvanometer. He uses
the string galvanometer to measure electrical potential in the heart from the tension of arms
and legs, he measured the electrical potential from right arm and left arm, right arm and

left leg left arm and left leg.

PoroGraPH OF A CoMPLETE ELECTROCARDIOGRAPH, SHOWING THE MANNER IN WHICH THE ELECTROLES ARE
AtracuEDp 10 THE PATIENT, I Tiis Case e Haxps axp OxE Foor BEING IMMEESED IN JARS OF
Sarr SoruTioN

Figure 19 Einthoven ECG system in 1903s [48]

Einthoven’s Triangle referred to the imaginary inverted equilateral triangle that
centers on the cheat and a point s being the standard limb leads on arms and leg. The
importance of Einthoven’s triangle is helpful to identify the incorrect placement leads
because incorrect lead placement can lead to error recording the electrocardiogram and

make a misdiagnosis. [48,49]
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Figure 20 Einthoven’s triangle [48]
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Figure 21 Einthoven’s lead system corresponds with ECG on standard limb leads [75]

2.1.6.2 Goldberger’s lead system

Developing Einthoven’s lead systems by Emanual Goldberger, he had an
idea to develop the lead system of Einthoven in 1942. He wants to close the gap and angle
between lead I, lead II, lead III, and the reason Goldberger is improving the diagnosis
electrical activity of the heart. Goldberger’s theorem has occurred the augmented leads,
Goldberger thought it make sense to the angle between each lead in half of Einthoven’s
leads by the accomplish this theorem with the help of resistor network corresponds to
analog calculating by following the rules:

—aVR = (I +1I)/2aVL = (I — III)/2aVF = (Il + III)/2
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The augmented leads have increased the potential of ECG signal in ECG machine amplifies
signal reading by 50% by ‘a’ referred to augmented that increase the size of ECG signal on
a machine, ‘V’ referred to voltage, and ‘R, L, F’ referred to the position of lead placement
on the body, there are right arm, left arm, left leg. For the Augmented lead of Goldberger
is place lead position on body same position as Einthoven’s leads. This lead system has six

vertical (coronal) axes were available.

avL

aVvF -aVR

LL I Il
aVF

Figure 22 Goldberger’s lead system [48]

Augmented limb leads
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Figure 23 Goldberger’s lead system corresponds with ECG on Augment limb lead [76]
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2.1.6.3 Wilson’s lead system

Following the theory of Goldberger, the lead system of the
electrocardiogram is developed in 1934 by a scientist named Wilson. He is developed by
adding a horizontal axis through the heart. He added a horizontal axis through the heart by
attached the ECG electrodes directly to the chest wall and then measuring the electrical
potential in the heart against a vital reference point of the electrode are located at the middle
of the heart. The reference point was called Common Terminal (CT) and this point is
generated from the resistor network. The lead system of Wilson known as V1-V6 by place
electrodes on the chest wall at the left side of the heart. Together with the leads from
Einthoven and Goldberger lead system was occurred the standard 12-lead ECG. [48]

avL
( \ > | V6
V5
-aVR
V4
I Il
V3
avF V1 V2

Figure 24 Wilson’s lead position of 12-lead ECG

(6 vertical and 6 horizontal visual axes) [48]

2.1.7 ECG interpretation

Interpretation of ECG is an ECG pattern recognition by the ECG interpretation used
to understand the pattern of electrical signal that found in the heart and helpful for
understanding the theory of ECGs represent. The ECG interpretation starts from looking
at the overall electrical signal in the heart and systematically reading the ECG signal

follows:
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2.1.7.1 Background grid or ECG paper grid

Normally, ECGs are print on a grid of paper. The horizontal axis of the ECG
paper grid represents time, and the vertical axis represents voltage. The standard value on
the ECG paper grid is 25 mm/secs and shown in the image below. For the background, the
grid is used to check the gain of ECG that meets the standard gain of ECG (ImV=10mm,
25mm/sec). The standard of ECG will be related to the ECG paper grid and the wide grid
box will follow the figure below.

-A small box is 1 mm x 1mm and represent voltage value 0.1 mV x 0.04 seconds.

-A large box is 5 mm x Smm and represent voltage value 0.5 mV x 0.20 seconds.

distance (mm)
1mm 5mm

A o ——
10mm
=imV
)
e}
2
g | | B | o5
% 40 ms 200 ms 0.04s 0.20s
o time (milliseconds) time (seconds)
(]
>

25mm = 1000ms = 1 second

Speed: 25 mm/sec Chest/Limb: 10 mm/mV
Figure 25 Background grid of ECG [54]

2.1.7.2 Rate and rhythm

The rate and the rhythm of the heart in humans are important things in the
ECG interpretation and the rate and the rhythm of the heart are related to the sinoatrial
node and depolarization of the heart. The heart rate serves as a vital sign of a body, there
are blood pressure, respiratory rate, and changes of age that affect the heart rate of the

human body. In adults, a normal rate of the heart is valued between 60 to 100 bpm and in
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natural, the normal heart rate of adults will higher than children. If heart rate below the
normal heart rate is called bradycardia (100 in adults). In the normal resting stage, the
physiological rhythm of the heart produces from the sinus rhythm and the sinus rhythm has
produced the pattern of P wave, QRS complex, and T wave. In general, the normal sinus
rhythm is considered about cardiac arrhythmia. So that, the normal rhythm of the heart
occurs from the sinus rhythm from the SA node. Mainly to considering the rthythm of heart,
there is check P wave, check widely of QRS complex, check the relation between the P
wave and QRS complex, and the last is check the rhythm of the heart that regular rhythm
or irregular rthythm. [47,55]

2.1.7.3 Axis

The heart has several axes, and the most common axis of the heart is an axis
of the QRS complex. The QRS axis is a general axis that represents the direction of the
ventricular depolarization knows as a mean electrical vector in the frontal plane. The axis
of ECG interpretation can classify as one of three types, there are normal, left deviated,
and right deviated. The normal QRS axis has a value between -30° to +105° from lead I
and aVF together with a reciprocal lead. Beyond +105° to +180° is a right axis deviation
and beyond -30° to -90°. The QRS axis is normal, it mostly positive waveform in lead I and
lead II or lead I and aVF +90° that upper the limit of normal. The normal QRS axis is
general direction down to the left by following the anatomy orientation of the heart within
the chest. The abnormal of the QRS axis is a change in the physical shape of the QRS
complex and orientation of the heart, and the abnormal axis can occur from a defect in the

conduction system that is a cause of the depolarization of the ventricle abnormally.
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Figure 26 Axis deviation on ECG [56]
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Figure 27 Summary table of axis deviation on ECG [56]
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2.1.7.4 Amplitude and intervals

All of the waves of ECG waveform, the amplitude and interval period

between each wave can predict the time duration and range of acceptable amplitude and

atypical of time duration range and amplitude. The measuring of the amplitude and

intervals of ECG is measured on the ECG paper grid by ECG waveform will print on the

grid paper at the standard scale. The value of normal amplitude and intervals of ECG that

can accept to be a normal ECG is following the table below:
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Figure 28 Normal ECG with standard amplitude and intervals [57]



Table 2 Normal amplitude and interval of ECG
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Type of wave and

Duration (s)

Amplitude (mV/small box (mm))

interval
-<2.5 mm in limb lead
P wave <0.12s - <1 mm in biphasic V1
(Negative deflection)
PR interval 0.12s - 0.2s -

QRS complex

- 0.06s — 0.10s (normal)
- 0.10s — 0.12s (healthy)

->0.5 mV in at one standard lead.

->1.0 mV in at one precordial lead.

-<26 mm in V5 and V6

-< 35 mmin V5 and V6 + S-wave

amplitude
R wave -
-<12mminaVL
- <20 mm in lead I, II, III
- <5 mm if V1 larger than S-wave.
- <0.035s (right ventricle)
R wave (Peak) _ £
- <0.045s (left ventricle)
_ - <0.45s (Men)
QT duration -
- <0.47s (Women)
ST segment 0.08s -
RR interval 0.6s—1.0s -
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2.2 Materials Review

2.2.1 Arduino Board

Arduino board is an open-source hardware and software that user can be easy to
access both hardware and software to create their project with microcontroller. Arduino is
designed and manufactured in form of a single board microcontroller and microcontroller
kit for building digital devices. For Arduino board has software license, the software
license of Arduino is GNU General Public License (GPL). This software will permit the
manufacturer of Arduino board and Arduino software and anyone easily to access this
open-source hardware and software. And now the Arduino board is a microcontroller board

that was widely to use starting from the beginning user until advance user.

Figure 29 Arduino Board (Arduino Mega 2560) [6]

Arduino boards are designed by used a variety of microprocessors and controllers
to manufacturer this board. The Arduino boards are microcontroller boards that have a set
of digital and analog input/output (I/O) pins and these pins can interface to the other boards
called Shield board and can connect with other circuits. The feature of these
microcontroller boards, there is the serial communication interface include Universal Serial
Bus (USB). The Universal Serial Bus (USB) is also used for loading programs to the
Arduino board. Arduino board is a microcontroller that can program and write code on the
board by using C and C++ programming language. The C and C++ programming that uses
with the Arduino board, it used with the standard API and it became to Arduino language
that is a specific program language of the Arduino board.[5] Arduino also makes simple
the working process of the microcontroller and it can give the advantage over other systems

for beginners.
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2.2.1.1 The function of Arduino board

The function of Arduino board is a flexible function and enormous function
depending on users. The main function of the Arduino board is used to control the
electronic through reading input and changing it to output. Arduino boards are also used to
make different electronics projects in the field of electronics, electrical, robotics, etc. This
board is microcontroller board that easily connect to the different modules such as obstacle
sensors, presence detectors, GPS modules, etc. In the Arduino board, it consists of different

hardware component that has their function and shown in Figure3.[6]

Digital PWM Output Ports, Serial Communications / 4UART Channels

Digital Ports Input/Output

Analog Input Ports

In Circuit Serial Programming (ICSP)

Figure 30 Different part of Arduino Mega 2560

The different hardware components of the Arduino Mega 2560 board that show in
Figure3 and the Arduino Mega 2560 board divide into four main components parts consist
of power part, pin part, controller part, other parts.

1 Power parts

Every Arduino board needs the power source to drive itself working and an Arduino
can be powered their board in three ways:

-DC Jack Power supply: The DC power jack, this port used to input the power to
the Arduino board. The DC power jack is usually connected with a DC wall adapter and
the voltage of the DC power supply recommend for the Arduino board in most Arduino
models is between 7V to 12V. If the voltage above 12V, the regulator of the Arduino board
will overheat. If the voltage below 7V, the power that use to drive or supply the Arduino

board might not suffice.
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-Vin Pin: For Vin pin is used to power the Arduino Mega board by using the
external power source. The voltage range of the Vin pin is 7V to 12V.

-USB cable: This port used to connect with the computer and the computer can
provide the power to the Arduino board around 5V at 500 mA for the Arduino board to
work.

In the Arduino Mega 2560 board, there is the polarity protection diode connecting
between the positive of the DC jack power supply to the Vin pin and is rated at 1A. The
power source has to consider and determine the suitable power for the circuit. For instance,
powering the circuit by using a USB, and the USB port has a limit of 500 mA. If the circuit
that uses Arduino uses more than 500 mA, using a USB port might not suffice for the
circuit that connects to the Arduino board. For the powering from DC jack power supply
port or Vin pin, the maximum capacity available is 3.3V to 5V and it is determined by the
regulator on the Arduino Mega 2560 board.

2 Pin parts

The pin on the Arduino Mega board is used to connect the wires to construct a
circuit and wire to connect the circuit with another peripheral device or sensor. For this
part, there are many pins to support connecting wire or using to interface with other sensor
depend on pins function. An Arduino Mega 2560 board has several different kinds of pins,
which label name of pins on the board is used to separate the different functions of each

type of pins. The diagram pins of the Arduino board will show in Figure4.
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Ground or GND: For ground pin or GND pins are used to be a ground of the circuits, used
to close the electrical circuit. It used to provide a common reference point throughout the
circuit. It important to excess the electrical go to safe place and be a safety pin of the
electrical circuit.

-5V and 3.3V: These pins provide regulated 5V and 3.3V to external power
components of other circuits according to the specific manufacturer.

-Analog pins: The Arduino Mega 2560 board has 16 analog pins which are the
pins that are used to convert analog data to digital data called ADC. These pins served as
analog input and they can be a function as digital inputs or digital outputs by reading the
analog voltage value from the peripheral devices such as a sensor and then convert the
analog value to a digital value. The analog pins of the Arduino Mega 2560 board are labeled
from A0-A15 shown in Figure5. In the Arduino Mega 2560 board, there is an ADC 10-bit
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solution, and it can represent the analog value in the range 1-1024 of digital levels that
ADC capability to convert the analog voltage value to digital voltage value into bits which

microprocessor can understand.
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Figure 32 Analog pins of Ardumo board.[12]

-Digital pins: These pins are including digital input and digital output. In Arduino
boards, the digital pins 54 pins, start from pin0 — pin53 of Arduino board that serves as
digital input or digital output pins. Digital pins that serve as digital pins input or output
start from pins22 — pins53.
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Figure 33 Digital pins of Arduino board [12]
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In the Arduino Mega 2560 board, there are digital pins that capability to be a
communication pin and PWM pins. For the PWM pins, there are 12 pins consist of pins2
— pins13 and the other digital pin are communication pins (0,1,14,15,16,17,18,19,20,21).
[11]

-PWM pins: These pins can notice from PWM word on the board, and this is one
kind of digital pin, and it ack like a normal digital pin. In general, Pulse Width Modulation
(PWM), is one technique that used to encode the message into a pulsing signal in terms of
frequency and duty cycle shown in Figure7. For frequency will use to dictate how long it
takes to complete the signal in the single-cycle and the duty cycle will determine how long
a signal stays high out of the entire period. Mostly the duty cycle will represent in terms of
percentage. [8,9]

Pulse Width Modulation

0% Duty Cycle - analogWrite(0)

Sv | l
Ov ;

25% Duty Cycle - analogWrite(64)

w7 N b AN Ha K ]

Ov

50% Duty Cycle - analogWrite(127)

Sv

Ov

75% Duty Cycle - analogWrite(191)

Sv

NSy e TR

100% Duty Cycle - analogWrite(255)

Sv ‘

Ov l
Figure 34 Pulse Width Modulation [10]

Pulse Width Modulation (PWM) is a digital control that is used to create the
square wave shown in the figure above and a PWM signal will switch voltage between on

and off. The on-off pattern that occurs from PWM simulated the voltages between full
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VCC of board (5V) in one pattern. When voltage is switched off, it will switch voltage
from 5V to OV by changing the portion of time the signal.

In the graphic above, the green line represents a control signal period. The period
of PWM is an inverse of PWM frequency. The PWM of Arduino has a frequency at about
500 Hz and green lines would measure 2 milliseconds each. And using PWM pins will call
to analog Write (), which is code for write the PWM on a scale of 0 — 255. For example,
analog Write (255) requests 100% of duty cycle (signal always on at 5v), analog Write
(127) request 50% of duty cycle (signal will switch on-off the pattern on half of the time),
and analog Write (0) requests no duty cycle (always off at Ov). [10]

-Communication pins: For the communication pins on the Arduino Mega 2560
board, there are 3 communication pins part consist of USART, I?C, and SPI. The serial
communication pins on pin TX/RX and used TTL logic level and input voltage of board is
3.3V or 5V depending on the board. These pins can’t directly connect to the RS232 serial
port because it operates at +12V and it can damage to the Arduino board. Serial pins in
Arduino board used for serial communication between the Arduino board and other
devices. All Arduino boards will have the communication port at least one serial port also
known as a UART or USART for data sharing and logging. The Arduino Mega has four
serial ports consist of serial0 on pinsO(RX) and pins1(TX), seriall on pins19(RX) and
pins18(TX), serial2 on pinsl7(RX) and pinsl6(TX), serial3 on pinsl5(RX) and
pins14(TX). For RX pin is serves as a receive pin that ensure the receiving of serial data
while TX pin is a transmission pin that uses to transmit serial data. These serial pins are
used to communicate with the other external TTL serial device by using RX and TX pins
or use to communicate with a personal computer that uses additional. The USB to serial
adapter [13]. IC pins, digital pins20 for SDA, and pins21 for SCL speed at 400 kHz. These
pins are enabled by two wires to communicate with another device. The board carries one
I°C communication by the Arduino Mega board carry two pins of I’C communication, there
are SDA pin and SCL pin. The SCL is a serial data pin that is used to carry data while SCL
is a serial clock that use to ensure the synchronization of serial data while transfer the data
over the I?C bus. The last communication pin is SPI pins. The Arduino board contains one
SPI communication protocol. These pins are a serial peripheral interface communication

protocol. SPI is used to develop the communication between the controller and other
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connecter device such as sensors. SPI contains two pins, there are MISO (Master input
slave output) and MOSI (Master output slave input) for SPI communication.[14]

3 Control parts

The microcontroller that is used to control the Arduino Mega 2560 board is
ATmega2560 (8-bit). The operating voltage of the ATmega2560 microcontroller is 5V.
Arduino Mega 2560 has a clock speed of around 16 MHz. The ATmega2560 is a single
chip microcontroller, and this chip is used in Arduino mega board. This microcontroller
board has 8 KB SRAM (Static Random-Access Memory) and 4 KB of EEPROM
(Electrically Erasable Programmable Read-Only Memory). [15]

4 Other part

-Voltage regulator: The main function of voltage regulator is used to control the
input and output voltage of Arduino Mega board. If the power voltage input more than
12V, the voltage regulator of board will overheat and damage the Arduino board.

-Reset button: The reset button of the Arduino board is used to reset the working
of the Arduino board and restart running the program from starting. It’s useful when the
programmer wants to be rerunning the program at a default stage of board by using reset
button. After pressed the reset button, it will send some the logical pulse to the reset pin of
the microcontroller board and then it will restart the board to the starting point again.

-ICSP pins: ICSP or In-Circuit Serial Programming is used to program the AVR
microcontrollers. It has a feature of programming by using the serial bus with an AVR
programmer using SPI communication. These pins contain six pins consist of MISO
(Master input slave output), +Vce, SCK (Serial Clock), MOSI (Master output slave input),
Reset, GND has shown in Figure8. [11,15]

,—&JPBJ vl || SCK
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OLON
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Figure 35 In-Circuit Serial Programming Pinout (ICSP) [12]
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2.2.2 MCP4725
The MCP4725 is low power serving equipment and get high accuracy result. This is a
digital to analog converter (DAC) with non-volatile memory or called EEPROM. The
digital to analog converter (DAC) input and configuration data of DAC can be programmed
to control the EEPROM by using an I?C serial interface. The MCP4725 output has a
proportion of the input voltage. MCP4725 is a digital to analog converter 12-bits device
with a resolution of MCP4725 is starts from 0 —4095. The EEPROM features are enabled
The DAC device to preserve the DAC enter code at some stage in a power-off time, and
the DAC output is available at once after power-up. This characteristic of MCP4725 may
be very beneficial whilst the DAC device is used as a helping device for different devices.

[44]

Figure 36 MCP4725 with EEPROM memory.[44]

2.2.2.1 MCP4725 pinout

pndogomp I12C Address selection

Circuit ground or Common

Supply or Reference voltage

Circuit ground or Common

Figure 37 The pinout of MCP4725



2.2.2.2 Block diagram
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Figure 38 MCP4725 diagram [58]



2.2.2.3 MCP4725 specification

Table 3 MCP4725 specification table. [59]
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Parameter MCP4725
Voltage supply (Vs) 2.7V -5.5V
Abs. Max Vpp -0.3V-6.5V
Interface I’C
I°C rate 100kHz, 400kHz, 3.4MHz
Resolution 12 Bits
Power down current (Ippp) 0.06pA — 2pA
Supply current (Ip) 210pA — 400pA
Short circuit (Vou= GND) I15mA —24mA
Offset error (Vos) 0.75% of FSR

Gain error (Gg)

-2% of FSR — 2% of FSR

Capacitive load stability (Cr)

1000pF

Extended temperature range

-40°C — +125°C

Maximum junction temperature (Ty)

+150°C

Input leakage (IL1)

+1pA

Input voltage of SDA and SCL pins

0.3Vpp—0.7VpD

Input voltage of A0 pins 0.2Vpp
DC output impedance (Rout) 1Q
I?C address (h/w selected = 8 off) 0x60 and 0x61

Storage temperature (Ta)

-65°C — +150°C

ESD protection on all pins

>6 kV HBM, >400V MM
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2.2.3 Micro-SD card module

Micro-SD card module for recording or reading data from micro-SD card for
increasing the ability to save various data from Arduino board to micro-SD Card with SPI
interface. The voltage recommended for a micro-SD card is 3.3 V. So, we cannot directly
connect it to a circuit using 5V because it can cause module damaging. There are two ways
to use a micro-SD card that composed of SPI mode and SDIO mode. SDIO mode is a faster
method of micro-SD card module and SDIO method is used on mobile phones or digital
cameras by this method has a complicated mode in micro SD card module is based SPI
mode and this is a low-speed mode. SPI mode is easy to use in a microcontroller. A
microcontroller system can complete connecting with a micro-SD card module by using a
micro-SD card to read and write files. Arduino users can directly use the Arduino IDE with

an SD card to complete the library of SD card initialize to read and write the module.

Figure 39 Micro SD Card Module. /77]

2.2.3.1 Micro SD card Module pinout

Level shifter

Spring Eject Slot for SD card

3.3V of Voltage Regulator

Figure 40 The pinout of Micro SD card module
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The control interface of the micro-SD card module has a total of six pins, there are
GND connect to the ground of circuit, VCC connects to the power supply to drive the
module working, CS is a chip select the signal pin, and MISO, MOSI, SCK, and SPI is an
SPI bus that uses to the synchronous serial communication interface of the microcontroller

board.

2.2.3.2 Interface parameters

Table 4 Interface parameters of micro-SD card module. [60]

Parameter Micro SD card module

Power voltage (Vcc) 4.5V -5.5V
Current (I) 0.2mA — 200mA
Interface electrical potential 3.3V or 5V

-Micro SD card: < 2G
Support card type

-Micro SDHC card: < 32G
Size 42mm x 24mm x 12 mm

Weight 5¢g
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2.2.4 Nextion HMI TFT LCD Display Board (NX4827T043)

Nextion is a Human Machine Interface (HMI) equipment that use to control and be
a visualization interface between a human and a process of the machine. Nextion is an
equipment used to apply with the IoT and the electronics field by users can create their
interface on the Nextion display by using Nextion Editor software. Nextion includes two
parts, there is the hardware part (TFT board) and the software part (Nextion Editor
program). The Nextion HMI board has one serial port to communicate with the TFT board
and the microcontroller board. Nextion HMI display can connect to MCU via TTL Serial
(5V, TX, RX, GND). For the Arduino board, the user can use the Nextion HMI display
with the Arduino board by communicating two boards through the serial communicator
(RX, TX) in an easy way. Nextion display is a good choice for a user by reducing time to
using and comfortable to use. The caution of the Nextion HMI TFT LCD is this board is
working with sufficient power supply condition. If the Nextion board is working under an

insufficient power supply, the Nextion model can damage easily. [61,62]

Figure 41 Nextion HMI TFT LCD Display Board (NX4827T043) [61]

2.2.4.1 Nextion display component on board.

SD card slot

Figure 42 Component on board of Nextion display



50

2.2.4.2 Nextion display specifications

Table 5 Specifications of Nextion display (NX4827T043)

Nextion HMI TFT LED display

Parameters (NX4827T043)

Color 64K (65536 colors), 16 bits
Resolution 480 x 272 pixel
Touches >1 million
Backlight LED
Backlight lifetime (Average) >30,000 Hours
Operating voltage 4.75V-TV
Operating current (Vce = +5V) 250mA

**Power supplies recommend: 5V, 500mA (DC)**
Working temperature (5V, Humidity 60%) -20°C — +70°C

Serial Port Baudrate

2400bps — 115200bps (std = 9600bps)

Serial port mode

TTL

USB interface

No

SD card socket

Yes (FAT 32 format), support

maximum 32G micro-SD card.

Flash memory

16 Mb

RAM Memory

3584 Byte
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2.3 Related Software

2.3.1 Getdata Graph Digitizer

Getdata Graph Digitizer is a program that use to digitize the graph and plot. It is
necessary to obtain the original data in terms of the x-axis and y-axis (X, y) from tracking
the graph. This program is easily getting the numbers of the x-axis and y-axis by the
program will track follow the line of data and then got data in each point. Getdata Graph
Digitizer program can support many types of graphic formats such as TIFF, JPEG, BMP,
and PCX. The data that got from this program can digitize the graph in an automatic
tracking way or manual tracking way depend on the convenience of the user. The range of
data in the x-axis and y-axis can adjust the minimum and maximum coordinate system of
data. And Getdata Graph Digitizer program can export the data to many formats that
suitable for user data with other programs such as TXT (text file), XLS (MS Excel file),
XML, DXF (For AutoCAD). This program can be considered the easy program to digitize
the data and got accurate data and a beginning person can use this program to digitize the

graph and got accurate data easily by digitizing data from the picture.[63]
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Figure 43 Getdata Graph Digitizer program [63]
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This program can digitize data in four step process as follows
1. Open a graph or import the image that you want to digitize data into Getdata Graph
Digitizer program.
2. Set the range of coordinate system or scale on the picture
3. Digitize the data on the graph by automatically or manually.
4. Export the data to the clipboard or suitable data file such as TXT, XLS, DXF, XML.
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Figure 44 Open a graph or picture to digitize the data
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Figure 45 Digitize the graph and the data in coordinate system
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2.3.2 MATLAB

MATLAB is a worldwide programming platform for engineer and scientist, this
platform design specifically for analyze and design the system and product that can widely
use all over the world. The key highlight of the MATLAB program is a MATLAB language
and a matrix-based computational language that allowing the program can solve the
problem in term of computational mathematics. MATLAB program is allowed the numeric
computing function such as matrix function, plotting of function, and the implementation
of algorithms. In this program, the user can create the user interface and interface with
another program in other languages. MATLAB can call the functions and subroutines
written the function in other programming such as C language, Fortran, or Python. The
library written in MATLAB program can directly call the function from MATLAB, there
are Perl, Java, ActiveX, and many libraries of MATLAB are implemented as extensive in
Java library and ActiveX library. Although the MATLAB program is having a unique
language and quite hard to learn, this program design for the way you think and the work
you do.

So, this program will have a tutorial, guideline, and document support users that
want to use this program to more understand about using the MATLAB program and get
high efficiency working using from MATLAB program. So, the main target customer of
the MATLAB program is worldwide for millions of engineers and scientists that use
MATLAB program to learn and study about Scientific principles or various engineering at

Complicated to see more pictures from using this program [64,65]

Figure 46 MATLAB program [65]
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Figure 47 A workspace of MATLAB program

2.3.2.1The advantage of MATLAB programming language.

. Ease of use: MATLAB program can be used to assess expressions typed at the
command line or can execute the prewritten program to check the error of program
written easily by using program debug.

Support multiple of computer platform: MATLAB program is supported on
different computer systems. This program will run on the other entire platform and
the example of platform such as Windows, Linux, and MacOS.

. Predefined function: MATLAB program has an enormous library of predefined
functions that use to support the test and prepare the answer to several primary
technical tasks. and therefore, the MATLAB language will build your job more
leisurely.

. Independent plotting: In MATLAB program has a basis plotting command and, in
this program, the plotting graph or picture can display on the graphical while the
computer on MATLAB is running.

2.3.2.2 The disadvantage of MATLAB programming language.

. Interpreted language: For MATLAB program, it may execute more slowly than
compiled language.

Cost: MATLAB program has an expensive cost then it decreased necessary for

engineer and scientist because MATLAB is cost-effective for the business.[66]
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2.3.3 Arduino IDE

The Arduino Integrated Development Environment (IDE) is an open-source
program, and it is a program application that can support multiple platforms such as
Windows, macOS, and Linux. This platform application provides to use with the
microcontroller same category as the Arduino board by Arduino IDE program used to write
and upload the program to the Arduino compatible board. The source code of the Arduino
IDE is released under the GNU General Public License by this is a free public license that
allow user to share and release their work in freedom.

The Arduino IDE is provided many software libraries to support working of user
with microcontroller by the software library in this program come from the Wiring project.
And users can write the code in Arduino IDE quite easily. Users can share important project
information with their stakeholder company. The Arduino IDE program has a
comprehensive guide that available to help in the installation process. And this program
has a tutorial to support the user who has little experience with a microcontroller or
beginning user to understand the working and tool’s framework of the Arduino IDE
program. So, the Arduino IDE is a highly using rate program by this program ease of use,

ease to be writing and understanding the code, and everyone can access this program easily.

Figure 48 Arduino IDE [78]
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Eile Edit Sketch Tools Help

sketch_mar30a

void setup() { -
// put your setup code here, to run once:

}

void loop() {
// put your main code here, to run repeatedly:

Arduine Uno on COM1

Figure 49 The sketch of Arduino IDE for write and upload the program

2.3.3.1The advantage of Arduino IDE program
There are a lot of sketches and shields available and many examples in the sketch.
. User doesn’t use much knowledge to understand and write the code in this
program.
Low cost for download the Arduino IDE program, everyone easily accesses this
program.

2.3.3.2The disadvantage of Arduino IDE program
The sketch of the Arduino IDE program is difficult to modify
This program doesn’t have a debugger to check the scripts.
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2.3.4 Nextion Editor

Nextion Editor is a program that uses with Nextion HMI TFT display, it is a
development software used for creating a graphical user interface for GUI-intensive
devices such as TFT displays, and Nextion Editor program is used to the rapid created the
interface display to Nextion HMI devices. Nextion Editor program will help users create
the interface of TFT-based devices at faster and easier. The feature in the Nextion Editor
has some different features depending on the type of Nextion TFT display.

The ability of this program can simulate the interface before uploading the program
to the Nextion TFT display by the user can see the working feature on display after the user
designs the interface to the TFT display. And this function in Nextion Editor program will
reduce the time to design the interface and see the accuracy result. This program quite easy

to design the graphic interface to the GUI intensive device. [69,70]

Make Gui'Easier
Figure 50 Nextion Editor program [79]
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2.3.5 Autodesk Fusion 360

The Autodesk Fusion 360 is a 3D designing program that includes CAD, CAM,
and CAE in one cloud-based platform. For product development work includes both
mechanical and industrial design. Simulation, machining, and collaboration via the Internet
in a single package. The tools within Fusion 360 are convenient, fast, and easy to
implement from design ideas to prototypes through to production preparation processes.
For this program is a cloud-based system, users can easily access to design their work
everywhere and every time that user wants to do their design work. The Autodesk Fusion
360 program is suitable for an engineer or who wants to design, simulate, or assembly the
3D of a model to check the suitability and functionality of the design in this program easily.
The highlight of this program is the user can share and work as a team to develop and
design the product together under the cloud-base system by the user can share a design
with anyone or be specific. Which is safe by using the Public sharing link in Autodesk
Fusion 360 program.

So, the Autodesk Fusion 360 is a program for design 3D modeling that is
convenient for a user to design the work, and the user can work as teamwork to develop

design work be better under the cloud base system of the program.

N
- |
o

=

Figure 52 Autodesk Fusion 360 [80]
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Figure 53 Example design in Autodesk Fusion 360 [81]

2.3.5.1 The advantage of Autodesk Fusion 360
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The Autodesk Fusion 360 is a program that uses the least experience to be designing

the 3D model.

Fusion 360 has the functionality to save all of your files online under the cloud base

system.

Users can access Fusion 360 to create or design their model everywhere and every

time and users can access see their work through the application on a tablet or

mobile device.
2.3.5.2 The disadvantage of Autodesk Fusion 360

The software of Fusion 360 may lag from a low internet connection

Fusion 360 uses a lot of the device’s memory; it is recommended to select the high

value of RAM possible on your device.
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CHAPTER 3

METHODOLOGY

This chapter describes the methodology and related information to do the ECG
simulator 3 leads by using Arduino. It consists of the materials and the research process.
The material that we use in this project is considering the choice of material and worthiness
of using the material in the ECG simulator project because the purpose of this project is to
create the ECG simulator at low cost and got the result on standard efficiency. And the
material used to make ECG simulator 3 leads by using Arduino is divided into research
equipment, research instrument, and research software, and the research process is the
process of creating the ECG simulator 3 lead by using Arduino project. This process is
divided into four steps, there are define, create, test, and improve and assemble. And each
step of the research process has explained the process in detail. The readers can understand
the process to do the ECG simulator 3 lead by using Arduino from the contents of this
chapter.



3.1 Materials

Table 6 Research Equipment

3.1.1 Research Equipment
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No.

Equipment name

Picture

Function

1 Arduino Mega 2560 Microcontroller Board
To communication
Micro-SD Card ]
2 between the micro-SD card
Module .
and Arduino Mega 2560.
» Samisk >
3 Micro-SD Card S2es Storing data
5 To convert the digital to
4 Digital to Analog
analog values.
Module
Nextion HMI
Interface that allows user
5 TFT LCD .
: to create own display.
Display Board
(NX4827T043)
6 Wires \ Wiring connection
Connect the electronic
7 Photo board

components to prototype.
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Voltage divider of ECG
8 Resistors 300 ohm T, -
Mg signa
Voltage divider of ECG
9 Resistor 1.4K ohm \\ onal
signa
Voltage divider of ECG
10 Resistor 1K ohm Ty -
, signa
Voltage divider of ECG
11 Resistor 1M ohm \([ "y )
N signal
Use to be an output of
12 Banana Jack \ .
ECG signal in 3 leads
To be a power supply of
13 DC Adapter Arduino

Mega 2560 board.




3.1.2 Research Instrument

Table 7 Research Instrument
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No. Instrument name Picture Function
. o o bk Y ” Show and measure ECG
1 Oscilloscope 2.0 |o Pl ©
g o graph.
2 Digital multimeter Measure DC voltage.
7 Soldering the component
3 Soldering ' .
AP = with wires.




3.2 Software

3.2.1 Research software

Table 8 Research Software
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No. Software name Picture Function
Auto track the image line
Getdata Graph
1 o then change to x and y
Digitizer program .

coordinate.

2 MATLAB program Interpolate the ECG data
Write the code and

Arduino . .
3 upload it to Arduino
Software (IDE)

Mega 2560 board.
Create and design

- Nextion Editor ]
display

s Autodesk Fusion Create the box for ECG

360 P simulator
360

Simulate the electrical

6 Pspice program circuits and simulate the
results.
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3.3 The research process

Defining the topic and study the working principle of
Step 1 ECG simulator

Define |

Defining objective and scope of study

Create and interpolate data

l
Step 2 :
Create Arduino hardware and software
1
Create 3 leads output
Test the result of ECG signal on oscilloscope and patient
Step 3 monitor.
Test and Improve l
Improved and stabilise the output
Design the cover box and assemble all component
Step 4 together.
Assemble

Figure 54 The research processes

3.3.1 Step 1: Define

To determine the topics for research, it is based on surveys of the needs in the
company and the interests of the researchers themselves, then gather information,
documents and related research to study and find the answers to do the research topics. In
addition, it will be designed to develop the characteristics and patterns that are suitable for
the company as well as in accordance with the intended objectives. The topic for this
research is ECG simulator 3 leads by using Arduino. This project wants to create and
develop the function of the ECG simulator and the user can use it more easily to get the

effective ECG signal as same as the commercial ECG simulator but with lower cost.
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3.3.2 Step 2: Create

3.3.2.1 Create and Interpolate the ECG data

We need the right ECG waveform to digitizer, which finds the standard
ECG image and then uses the Get data graph digitizer program for auto track data. The
length of the X-axis and the Y-axis must be set, and then the Get data graph digitizer
program converts the track points to x-axis coordinates and y-axis. The x-axis is set to
range 0 - 0.6 according to the graph paper size and the y-axis is set to range equal to O-
4095 because it uses a DAC 12-bit covert data (Figure38) We will call this information
ECG data, after which we export it as a text file.

L LT S LN -

Sevgle LCE Waveform {rem Army Dogeran!

T

Figure 55 Auto track ECG line on Get data graph digitizer program and set the range

We get ECG data from Get data graph digitizer program as a text file, then import
it into MATLAB program to interpolate the data. We use linear interpolation to estimation
a values of ECG data by assuming that it is a straight line between known values, which is
data from Get data engage digitizer program. We have to interpolate ECG data because
the ranges of the x-axis and the y-axis of the obtained data are not equal in each range. In
addition, we will be able to adjust the number of ECG data while interpolate. The result
after interpolating, the data is shown as in the Figure39. It was found that the resulting ECG
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graph was more consistent than before interpolate. In addition, the data in the x-axis Each

range has the same value.

oSNV &E WN M

P e e e e
NoOWnsWNR S

fa
po

clear
clf

data = load('ECG_data.txt');

x= data(:,1:1);

y =data(:,2:2);

plot(x,y);
figure(1),subplot(121),plot(x,y);
title('Real Data ')

x1= data(:,1:1);

yl =data(:,2:2);

xin = (0:0.0015:1)"';

yin = interplq(x1,y1,xin);
figure(1),subplot(122),plot(xin,yin);
title('Interpolated Data ')

Figure 56 MATLAB code for interpolate ECG data obtained

Real Data Interpolated Data
T T T T T T

Figure 57 Compare ECG data between before and after interpolating.

Then save the data after interpolating with MATLAB program as a text file and

save to micro-SD card.
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3.3.2.2 Arduino Part

1 Arduino Mega 2560 board with micro-SD card module

This procedure is for importing ECG data to Arduino Mega 2560 by using the
micro-SD card module. We have already interpolated the ECG data, convert it to a text file,
and store it in the micro-SD card. Mainly, plug the micro-SD card into the micro-SD card
module and connect the micro-SD card to the Arduino Mega 2560 board. And write the
Arduino IDE code so that Arduino Mega 2560 can receive ECG data from the micro-SD
card module.

The micro-SD Card module is a Serial Peripheral Protocol (SPI) communication
device where SPI communication can be used to communicate between the microcontroller
board and multiple peripheral devices simultaneously. The micro-SD Card module has 6
pins: MISO (Master in slave out) pin, MOSI (Master out slave in) pin, SCK (Serial clock)
pin, SS (Slave select) pin, 5V pin. and GND pin that must be connected to the mega
Arduino board 2560 (Figure41).

Figure 58 Diagram to connect the micro-SD card module

The code used to receive the values from the micro-SD card with the micro-SD card module
will be displayed as in the Figure41, and the resulting value will be shown as in the

Figure42.
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® 0 e Test_MicroSDCardModule | Arduino 1.8.13

Test_MicroSDCardModule §

#include <SD.h>

int testl [540];

int index = 0;

void setupQ) {
Serial.begin(9600);
Serial.print("Initializing SD Card....");
1f(!SD.begin(chipSelect)) {

Serial.println("Card failed, or not Present");
return;

Serial.println("Card Initialized");

1

void loopQ) {

File dataFile = SD.open("test.txt");
if (dataFile) {
for (index = 0; index <= 540; index++) {
int input = dataFile.parseInt();
testl[index] = input;
serial.printlninput);

dataFile.close();

1
else {
Serial.println("File does not exist or named wrong");

Arduino Mega or Mega 2560, ATmega2560 (Mega 2560) on /dev/cu.usbmodem14101

Figure 59 A code to receive values from micro-SD card with micro-SD card module

o0 0 /dev/cu.usbmodem14101

4000.0-+ W 136 Initializing gy SO gy Card. .. .Card gy Initialized
3000.0
2000.0
1000.0 \A
e.e t f t t |
12461 12561 12661 12761 12861 12961
9600baud B I Send

No line ending B

Figure 60 The output obtained from the micro-SD card is displayed
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2 Arduino Mega 2560 board with digital to analog module (MCP4725)

This procedure is for exporting the analog data by using digital to analog module
(MCP4725). The analog data will show on the oscilloscope. Digital to analog module
converts digital signals to analog signals using MCP4725 board, connected as 12C, 12 Bit
resolution, digital numeric value between 0-4095. We have used the digital to analog
module, where the module we use is MCP4725 board connected to the Arduino Mega 2560
board and write Arduino IDE code to generate a sine or triangle or a square. Then connect
the oscilloscope to the digital to analog module (MCP4725) so that the graphs displayed
on the oscilloscope screen and check that the graphs we write the code and the graphs
displayed on the oscilloscope should have the same look.

Connect the 5V. pin and GND pin of the Arduino Mega 2560 board to the
MCP4725 board VCC and GND pin, then connect the A20 (SDA) pin, A21 (SCL) pin to
the corresponding I2C pin of the MCP4725 board.

Figure 61 Diagram to connect the digital to analog module (MCP4725)



00 test_DAC_mcpd725 | Arduino 1.8.13

r main code here, to run repeatedly
(float 1+0.0;1<360.9;1+=5) {
dac. setVoltage(sin(i * 22.0 / 7.0 / 180.0) * OxFFF / 2.0 + OxFFF / 2.0, false);

Main : 125 k

Figure 63 The results show the analog values convert from the MCP4725 board

71
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3 Arduino Mega 2560 board with micro-SD card module and digital to analog
module (MCP4725)

This procedure is for importing ECG data to Mega Arduino by using the micro-SD
card module and export the ECG data by using digital to analog module (MCP4725). In
this step, we connect the micro-SD card module and digital to analog module (MCP4725)
together, the Arduino Mega 2560 board is the micro controller that receives data from the
micro-SD card module with ECG data and then converts the data to analog by using the
digital to analog module (MCP4725). When the oscilloscope is connected to the OUT pin
and GND pin of the digital to analog module (MCP4725) on the display of the oscilloscope,
the ECG graph is displayed.

Figure 64 Diagram to connect the micro-SD card module and digital to analog module
(MCP4725) with Arduino Mega 2560 board.
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MicroSDCardandDAC | Arduino 1.8.13

Adafruit MCP4725 dac;
const int chipSelect = 53;
nt index - 0

t testl [363];

1(50000);
("Initializing SD Card )
CchipSelect))

Serial.println(*Card failed, or not Present);
return;

}

Serial.println(*Card Initiolized");

File dataFile = S0.open(*Datad@ls. txt");

if (dataFile)

for (index = 0; index <= 363; index++)
{

input = dataFile.parselntQ;
testifindex] = input;
Cinput);
}
dataFile.close();
}
{
("File does not exist or named
}

00p() {
for (int index-0;index<363;index+=2)

dac. setVol tage((test1[index]) 25
a= (Ctest1[index]));

Arduino Mega or Mega 2560, ATmega2560 (Mega 2560) on /dev/cu.usbmodem14101

Figure 65 A code to receive values from micro-SD card with micro-SD card module, then
digitally convert data via MCP4725 board.

Main : 12.5 k 50ms/div

SR Pt o

e

Figure 66 The results show the ECG graph on the oscilloscope.
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4 The Nextion HMI TFT LCD Display Board (NX4827T043) for adjusting
heart rate and amplitude (gain) of ECG graph.

This procedure is for connect NX482 7T043 to Arduino Mega 2560 which
NX4827T043 also known as the Nextion HMI TFT LCD Display Board, it will be a
controller and send values to Arduino Mega 2560 for adjusting heart rate and amplitude
(gain) of ECG graph. This step is divided into two parts: display creation in the Nextion
Editor program and the Arduino program.

-The Nextion Editor programs

Use Nextion Editor to create a display Figure50. It also sends values when buttons

are pressed to the Arduino.

[
Help About
25 open | INew % Compie @ Debug T Upioad : Il Copy Tk cut WjPaste - BhLock S Uniock © X Delete ) Undo(17). (® Redo(0) ; ¥ Device 10 140% &
T eI AT P & [ o T

BF
g |

- _ Aa M | L __ I prosco ]
ECG simulator by using Ard

Picture

1112 ]

Click the attribute to display corresponding
notes

\F lgure 67 Di:qplay désign in Nextion editor program

We use the basic function in Nextion Editor program to design the interface to Nextion
HMI TFT LCD display (NX4827T043) to send the value to the Arduino board. And the
main basic feature from toolbox of Nextion Editor program that we use to control heart rate

and amplitude (gain), there are dual state button, button, and text box.



Toolbox
A Text
@ Scrolling text
123 Number
Xﬁoal
© Bution
E0 Progress bar
' Picture
&< Crop
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Gauge
Waveform
3> Slider

(O Timar
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@

v

ECG simulator by using Ard

Bl RIMZ M

Button

Dual state button

Figure 68 Design interface from toolbox features on the Nextion Editor

1 Button: The button component of Nextion Editor in this project serves as a reset

button that use to clear the data to zero by this button can create the command in the touch

press event and touch release event. In this project, the command that sent zero to be a clear

command data to the Arduino board and the data from Nextion Editor will be sent data in

term of hexadecimal data such as “23 03 56 00 00”

soad [ Copy T Cut jPaste - & Lock & Unlock : X Delete ¥ Undo(17) ™ Redo(0) | ## Device ID 110% & G @®

L

fogram.s . %

»

b0 )]
? | [Event
emony3584 Touch Press Event(140)
16
picture:1.236.274 x
font 22.296
) Memory Occupied:16+600+616 [ Send Component D
“inish
ccessfull 0 Errors, 0 Warnings File Size:1.486.220 FotT1.val==1
bOval=0
bt val=0
b2 val=0
bti1val=0
tStatus bd=" ——"
11.6="Gain: "
printh 23 0356 0000

A Cleak1RMDAM 2524

#cG simulator by using Ard &) @z )

Touch Release Event(0)

<

Figure 69 The reset button command in the Nextion Editor
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2 Dual state buttons: The dual state button in Nextion Editor program serve as a
toggle button and the command of this button can write in the touch press event and touch
release event as a button component. And the command from the Nextion Editor will send

the data in terms of hexadecimal data.

Style”

T Upload : IR Copy Tk cut W) Paste + & Lock & Unlock © X Delete ™) Undo(17) ™ Redo(0) : % Device ID 110% & © @
Lail C
ay Program.s w Page 2
s x®BT V0 1
o~ T T el » e
' £CG simulator by using Ard e
tStatus o) .
K 4 0 bpm dain: 0
bl ) 12l
(23 =21 =B & ‘
0D Attrbute 2
bt11(Dual-state button)
3
it # | [Event 2
Touch Release Event0) | e 2
id 20
- objname bt11
[J Send Component ID vscope local
printh 23 0356 03 00 NS sold color
IStatus ba="30" | N
bt3val=0 HED 3D_Mio
bté vale0 {front
bt5 vol=0
bt val=0 N> | B2
bt7val=0 |, | beo2 [ I -
b8 val=0 =
b [Click the attribute to display corresponding
notes

btioval=0 L J __J FATAY
A}

yov|dl

Figure 70 The examplremcﬁorhamand in Dual state button

3 Text: The text in the Nextion Editor program is highly customize that the user can
create text in character or password that can change in the attribute of the text component.
In this project, we use text to show the value when adjusting heart rate and amplitude (gain).
And the notice when using text in the Nextion program should upload or open the fonts
before using the text component prevent the command error.

4 Picture: The picture is the tool that use to help users design the interface more
easily by the user can upload the picture into the program and can design their interface
freely. The kind of pictures can be PNG files and JPG files. And the size of the picture
should not bigger than the touch screen device. The picture component is useful in the

multi-state and animation sequence.
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-Arduino program

In this step, connecting the micro-SD card module and digital to analog module
(MCP4725) with Arduino Mega 2560 board is done as before, and then we have connected
the Nextion HMI TFT LCD Display Board (NX4827T043) to the Arduino Mega 2560
board after using the Nextion Editor program. The Nextion HMI TFT LCD Display Board
(NX4827T043) is attached to the TX pin and RX pin of the Arduino Mega 2560 board.
Then the Nextion HMI TFT LCD Display Board will send various values according to the
position we press into the Arduino Mega 2560 board. Then the Arduino Mega 2560 board
will calculate the resulting value. And use the calculated data combined with the data
obtained from the micro-SD card module and send the output via digital to analog module

(MCP4725).

Figure 71 A diagram of ECG simulator 3 leads by using Arduino

The code starts with the Arduino variable setup and import library, then enters the
setup function, receives the digital values from the micro-SD card module that reads the

data on the micro-SD card, then stores the value and enters the infinite loop that uses the
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value from the Nextion serial listen function and sends the value to the plot function.
(Figure55 (a.))

The Setup function starts with the Serial begin setting, which determines the
transmission speed. This is called Baud rate, the higher the value, the faster the data will
be sent. Then it will receive data from micro-SD card with micro-SD card module. The
coding will check for a micro-SD card. If there is no micro-SD card will show "Card failed,
or not Present" but if found there will show "Initializing SD Card ...." on serial monitor
then read the value from the file which we have entered the name. If read is successful, it
will show "Card Initialized", but if reading is not successful it will show "File does not
exist or named wrong". Here we use all two values: an ECG 1 cycle comprising P wave,
PR interval, QRS complex, ST interval and T wave, and the other is isometric line used to
adjust the heart rate. (Figure55 (b.))

The Nextion serial listen function works by getting the value from the Nextion
HMI Display, which sends the value hexadecimal, and then Arduino receives the value and
reads the value, and then changes it to decimal. The values we receive consist of two values:
One value is used to adjust the heart rate value (BPM) and the other for adjusting the value
of the amplitude (Gain) after receiving the value and then storing it in the BPM and Gain.
(Figure55 (c.))

The Plot function works by taking a value from the Nextion_serial listen function,
which accepts two values: BPM and Gain, then calculates the delay time for adjusting the
heart rate and the amplitude of the ECG graph for adjusting the gain. When the calculations
are complete, it is combined with the stored ECG 1 cycle and isometric line data. Then

send the values through the digital to analog module (MCP4725). (Figure55 (d.))



Y

Initialization of variables
and import library

Infinite loop

Nextion_serial_listen

Yes

'

“Initializing
SD Card...."

data in micro SD

card

Serial.begin

Check micro

Plot

"Card
Initialized"

"File does no
exist or named
wrong"

(a)

'

Nextion_serial_listen

data from Nextion
HMI display

Yes

l

get Gain
values

(b)

val

(c)

No

data = 0x58

Plot

A

BPM value and Gain
value

A

Calculate the delay
time and amplitude of
ECG

79

Send the values to DAC

(d)

Figure 72 A flowchart of ECG simulator 3 leads by using Arduino
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3.3.2.3 Create 3 leads output
1 Simulate the circuit in the PSpice program.
The PSpice program is a program that uses to design the circuit and simulation the output
of the circuit and we use this program to simulate the voltage of each lead of the ECG
simulator compare with the voltage value from the theoretical principle of the ECG
simulator in each lead. For the circuit on the PSpice program, we use Vsin to be a power
source of the circuit and the output voltage of the ECG simulator circuit on PSpice will
come out in the form of a sine graph. and it allows us to compare the output voltage in each
lead easily to compare with the theoretical values. The schematic of the ECG simulator

circuit on PSpice follows the figure below.

@
B Fi s Window Help
ol | slejajala | SISIOiR = alo] ol e ] 218 VI1]s] N
5
(e)
V) V) V) v
R1 TIR7 “R4 RS

« — - . - - © — & —

298 700 999 987000

Figure 73 Schematic the ECG simulator 3 leads circuit in PSpice program

2 Measure the voltage in the PSpice program.

The output voltage of PSpice is an output voltage in form of a sine wave because
we use the supply source be Vsin and the PSpice program will calculate the voltage in each
lead by using the voltage divider calculation by this program will automatically calculate
the output voltage in each lead. Calculation of the output voltage depends on the resistor
value and input voltage of the circuit. And the output voltage result of each lead in form of

a sine wave will show in the Figure below.
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Figure 74 The output voltage of ECG leads |
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Figure 75 The output voltage of ECG leads 11
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Figure 76 The output voltage of ECG leads III
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3.3.3 Step 3: Test and Improve

This step, we connected an output to the oscilloscope to measure the amplitude of
ECG in each lead, length of P wave, length of PR interval, length of QRS complex, QT
interval and length of ECG 1 cycle. We also measured the BPM in the oscilloscope. We
then tested it with a patient monitor and developed it to be in the correct ECG cycle, heart

rate and amplitude.

3.3.4 Step 4: Assemble
In this step, we have created a box for ECG simulator, using the Autodesk fusion
360 program to create it to apply the 3D printer pint out. We have created two pieces, the

box and the lid, as shown in the figure below.

Figure 77 The box to insert the Arduino Mega 2560 board micro-SD card module and
digital to analog module (MCP4725).



Figure 78 The lid of the box for connection to the Nextion HMI display.

Figure 79 Simulation of ECG simulator 3 leads by using Arduino
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CHAPTER 4

EXPERIMENTAL RESULT

In this chapter, we present about the results of the project. Which is divided into
two parts, the first is the result measured by the oscilloscope. In this part is divided the
result into ECG 1 cycle measurement, each lead measurement, heart rate measurement as
well as amplitude measurement. The second part is the result that actually from applied to

the real patient monitor.

4.1 The result measured by the oscilloscope.

4.1.1 ECG 1 cycle measurement

For an ECG 1 cycle, it consists of P wave, PR interval, QRS complex and QT
interval

-The P wave usually does not exceed 0.120 seconds. The results obtained from
three measurements giving the values of 0.084, 0.088 and 0.088 seconds. The mean of

these values is 0.087 seconds.

200ms/div

T 578.0ms
12 -494 .0ms

Figure 80 Measure the length of the P wave.
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-The PR interval must be equal to 0.120 - 0.200 seconds. The results
obtained from three measurements giving values of 0.120, 0.120 and 0.120 seconds. The

mean of these values of 0.120 seconds.

YOKOGAWA
Preview

200ms/div

LR (T —
12 -464.0ms

Figure 81 Measure the length of the PR interval.

-The QRS complex must be equal to 0.060-0.120 seconds. The results
obtained from three measurements giving the values of 0.072, 0.080 and 0.070 seconds.

The mean of these values is 0.074 seconds.

200ms/div

1 -470.0ms

T2 -398.0ms

Figure 82 Measure the length of the QRS complex
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-The QT interval usually does not exceed 0.470 seconds. The results
obtained from three measurements giving values of 0.234, 0.230 and 0.232 seconds. The

mean of these values is 0.232 seconds.

200ms/div

T 40.0ms
T -936.0ms

Figure 83 Measure the length of the OT interval

Table 9 The summary value of each type of ECG cycle measurement.

Typical of one ECG Normal Result 1 | Result2 | Result3 Average
cycle (seconds) | (seconds) | (seconds) | (seconds) | (seconds)
P wave >0.120 0.084 0.088 0.088 0.087
PR interval 0.120-0.200 | 0.120 0.120 0.120 0.120
QRS complex 0.060-0.120 | 0.072 0.080 0.070 0.074
QT interval >0.470 0.234 0.230 0.232 0.232
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4.1.2 Each lead measurement

Each lead measurement of ECG signal, the principle that we use to calculate the
output voltage of ECG signal in each lead by using voltage divider. The process to calculate
the voltage divider of each lead follows:

V., = 1.010V. R, = 298,R, = 700,R; = 999,R, = 2870000hm

R 700
Leadl =V, = 2 LV, = -1.010 = 0.0007Volt
R +Ry+Ry+R, 298 + 700 + 999 + 987000
R, 999
Leadll =V, = ‘ SV, = -1.010 = 0.001Volr
R +R,+ Ry + R, 298 + 700 + 999 + 987000
R, 298

Leadlll =V, - 1.010 = 0.0003Volt

S RTR T RTR, ™ 2985700 4 999 + 987000

-The amplitude of ECG lead I usually does not exceed 2 mV. The result obtained
from the calculation and the PSpice program must be equal to 0.0007 mV. We use the
amplifier gain 1000 to measure the amplitude of ECG lead I. The results obtained from
three measurements giving values of 700, 710, and 710 mV. The mean of these values is

707 mV. Therefore, the amplitude of the ECG lead I is equal to 0.707 mV.

200ms/div

500.0mV

Vi
V2 -210.0mV N 710.0mV

Figure 84 Measure the amplitude of ECG lead 1

-The amplitude of ECG lead II usually does not exceed 2 mV. The result obtained
from the calculation equal to 1.02 mV. and the PSpice program must be equal to 1 mV. We
use the amplifier gain 1000 to measure the amplitude of ECG lead II. The results obtained
from three measurements giving values of 1000, 1010, and 1010 mV. The mean of these

values is 1007 mV. Therefore, the amplitude of the ECG lead II is equal to 1.007 mV.
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200ms/ div

il 0.700 V
V2 -0.300 V N 1.000 V

Figure 85 Measure the amplitude of ECG lead 11

-The amplitude of ECG lead III usually does not exceed 2 mV. The result obtained
from the calculation and the PSpice program must be equal to 0.3 mV. We use the amplifier
gain 1000 to measure the amplitude of ECG lead III. The results obtained from three
measurements giving values of 300, 300, and 310 mV. The mean of these values is 303

mV. Therefore, the amplitude of the ECG lead III is equal to 0.303 mV

il 210.0mV
V2 -90.0mv 300.0my

Figure 86 Measure the amplitude of ECG lead II1



Table 10 The summary calculating amplitude result of ECG signal.

&9

Calculate(mV.) R(i:\l/lf)l R(ensil\lgf R(?rsll\l}g'% A(\I;f{? %e Error (%)
0.71 0.7 0.71 0.71 0.707 0.422
1.02 1 1.01 1.01 1.007 1.274
0.3 0.3 0.3 0.31 0.303 1.000
Table 11 The summary theoretical amplitude result of ECG signal.
Theoretical(mV.) R(i:\l}y 11(6;1\1/132 R(isll\lllj[)?’ A(\IIE{? %e Error (%)
0.7 0.7 0.71 0.71 0.707 1.0
1 1 1.01 1.01 1.007 0.7
0.3 0.3 0.3 0.31 0.303 1.0
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4.1.3 Heart rate measurement

-The set heart rate value is 30 beat per minute and the RR interval that we measured
three times are 1.970, 1.970, and 1.970 second. The heart rate results obtained from three
calculates giving values of 30.45, 30.45, and 30.45 beat per minute. The mean of these

values is 30.45 beat per minute.

500ms/div

1030.0ms Frea(C1) 508.1301mHz

Figure 87 Measure the heart rate (30 beat per minute)

-The set heart rate value is 40 beat per minute and the RR interval that we measured
three times are 1.515, 1.515, and 1.510 second. The heart rate results obtained from three
calculates giving values of 39.60, 39.60, and 39.70 beat per minute. The mean of these

values is 39.63 beat per minute.
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16 -690.0ms
™ 825.0ms Frea(C1) 661.7258mHz

Figure 88 Measure the heart rate (40 beat per minute)
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- The set heart rate value is 60 beat per minute and the RR interval that we measured
three times are 1.000, 0.995, and 1.000 second. The heart rate results obtained from three
calculates giving values of 60.00, 60.30, and 60.00 beat per minute. The mean of these

values is 60.10 beat per minute.

YOKOGAWA 4

Sfopped

5
> 1.00 Vv

500ms/div

n -425.0ms
12 575.0ms Freq(C1) 1.004419 Hz

Figure 89 Measure the heart rate (60 beat per minute)

-The set heart rate value is 80 beat per minute and the RR interval that we measured
three times are 0.750, 0.750, and 0.750 second. The heart rate results obtained from three
calculates giving values of 80.00, 80.00, and 80.00 beat per minute. The mean of these

values is 80.00 beat per minute.

500ms/div

n -280.0ms
2 470.0ms Freq(C1) 1.338330 Hz

Figure 90 Measure the heart rate (80 beat per minute)
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-The set heart rate value is 90 beat per minute and the RR interval that we measured
three times are 0.665, 0.665, and 0.665 second. The heart rate results obtained from three
calculates giving values of 90.20, 90.20, and 90.20 beat per minute. The mean of these

values is 90.20 beat per minute.

Siopped
[ 1.00 Vv

! 500ms/div. |

E B o PR A 0N
T2 550.0ms Frea(C1) 1.497006 Hz

Figure 91 Measure the heart rate (90 beat per minute)

-The set heart rate value is 120 beat per minute and the RR interval that we
measured three times are 0.500, 0.500, and 0.500 second. The heart rate results obtained
from three calculates giving values of 120.00, 120.00, and 120.00 beat per minute. The

mean of these values is 120.00 beat per minute.

-210.0ms

T '
i) 590.0ms Frea(C1) 9.003205 Hz

Figure 92 Measure the heart rate (120 beat per minute)
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-The set heart rate value is 150 beat per minute and the RR interval that we
measured three times are 0.400, 0.400, and 0.400 second. The heart rate results obtained
from three calculates giving values of 150.00, 150.00, and 150.00 beat per minute. The

mean of these values is 150.00 beat per minute.

biopped
> 1.00 Vv

500ms/div

m -175.0ms
12 225.0ms Frea(C1) 2.507523 Hz

Figure 93 Measure the heart rate (150 beat per minute)

-The set heart rate value is 180 beat per minute and the RR interval that we
measured three times are 0.334, 0.335, and 0.335 second. The heart rate results obtained
from three calculates giving values of 179.60, 179.10, and 179.10 beat per minute. The

mean of these values is 179.27 beat per minute.

> 1.00 Vv
200ms/div

m -320.0ms
T2 14.0ms Frea(C1) 3.004808 Hz

Figure 94 Measure the heart rate (180 beat per minute)
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-The set heart rate value is 210 beat per minute and the RR interval that we
measured three times are 0.286, 0.286, and 0.286 second. The heart rate results obtained
from three calculates giving values of 209.70, 209.70, and 209.70 beat per minute. The

mean of these values is 209.70 beat per minute.

200ms/div

n -178.0ms
T2 108.0ms Frea(C1) 3.503363 Hz

Figure 95 Measure the heart rate (210 beat per minute)

-The set heart rate value is 240 beat per minute and the RR interval that we
measured three times are 0.500, 0.500, and 0.500 second. The heart rate results obtained

from three calculates giving values of 120.00, 120.00, and 120.00 beat per minute. The

mean of these values is 120.00 beat per minute.

200ms/div

m -62.0ms

2 188.0ms Freq(C1) 3.991060 Hz

Figure 96 Measure the heart rate (240 beat per minute)
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-The set heart rate value is 270 beat per minute and the RR interval that we
measured three times are 0.222, 0.222, and 0.224 second. The heart rate results obtained
from three calculates giving values of 270.20, 267.80, and 270.20 beat per minute. The

mean of these values is 269.40 beat per minute.
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T2 66.0ms Freq(C1) 4,473873 Hz

Figure 97 Measure the heart rate (270 beat per minute)

-The set heart rate value is 300 beat per minute and the RR interval that we
measured three time are 0.200, 0.200, and 0.200 second. The heart rate results obtained
from three calculates giving values of 300, 300, and 300 beat per minute. The mean of

these values is 300 beat per minute.

200ms/div

-34.,0ms

n
12 166.0ms Freq(C1) 5.040323 Hz

Figure 98 Measure the heart rate (300 beat per minute)



Table 12 The heart rate of ECG on the oscilloscope.
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H?%r;ﬁ?te I({BG;?/})I Iég?ﬁ? I({Be;l;\l/}';’ Average (BPM) | Error (%)
30 30.45 30.45 30.45 30.45 1.5
40 39.60 39.60 39.70 39.63 0.92
60 60.00 60.30 60.00 60.10 0.17
80 80.00 80.00 80.00 80.00 0
90 90.20 90.20 90.20 90.20 0.22
120 120.00 120.00 120.00 120.00 0
150 150.00 150.00 150.00 150.00 0
180 179.60 179.10 179.10 179.27 0.41
210 209.70 209.70 209.70 209.70 0.14
240 240.00 240.00 240.00 240.00 0
270 270.20 267.80 270.20 269.40 0.22
300 300.00 300.00 300.00 300.00 0
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4.1.4 Amplitude measurement (Gain)

The ECG simulator can adjust the amplitude values, which can be adjusted in all
three values: x1, x2, and x4, and the amplitudes on the oscilloscope are 1.010V, 2.020V,
and 4.040V. respectively.

200ms/ div

Figure 100 Measure the amplitude measurement (x2)



Figure 101 Measure the amplitude measurement (x4)

Table 13 The theoretical amplitude measurement in each lead of ECG.
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Gain Theoretical | Result 1 | Result2 | Result3 | Average Error
(mV) (mV) (mV) (mV) (mV. (%)

x1 Lead 1 0.7 0.700 0.710 0.710 0.707 1.00
x1 Lead 2 1.0 1.000 1.010 1.010 1.007 0.70
x1 Lead 3 0.3 0.300 0.300 0.310 0.303 1.00
x2 Lead 1 1.4 1.420 1.400 1.425 1.415 1.07
x2 Lead 2 2.0 2.010 2.040 2.03 2.027 1.35
x2 Lead 3 0.6 0.605 0.600 0.610 0.605 0.83
x4 Lead 1 2.8 2.800 2.810 2.800 2.803 0.11
x4 Lead 2 4.0 3.980 3.98 3.990 3.983 0.42
x4 Lead 3 1.2 1.180 1.180 1.180 1.180 1.67




Table 14 The calculating amplitude measurement in each lead of ECG.
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Gain Calculate Result 1 | Result2 | Result3 | Average Error
(mV.) (mV.) (mV.) (mV.) (mV.) (%)

x1 Lead 1 0.71 0.700 0.710 0.710 0.707 0.35
x1 Lead 2 1.02 1.000 1.010 1.010 1.007 0.64
x1 Lead 3 0.30 0.300 0.300 0.310 0.303 0.83
x2 Lead 1 1.42 1.420 1.400 1.425 1.415 0.42
x2 Lead 2 2.04 2.010 2.040 2.030 2.027 1.27
x2 Lead 3 0.60 0.605 0.600 0.610 0.605 1.00
x4 Lead 1 2.85 2.800 2.810 2.800 2.803 1.65
x4 Lead 2 4.08 3.980 3.980 3.990 3.983 2.38
x4 Lead 3 1.20 1.180 1.180 1.180 1.180 1.67




4.2 Actually applied to the real patient monitor.
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The result after applied the ECG simulator project to the real patient monitor, we

measure the different heart rate and different gain of the ECG signal in three time to

check the accuracy of heart rate with different gain.

Table 15 The summary of heart rate with gain x1

Heart Rate (BPM) I({]gi)li\l/})l I({]S;lﬁi %g;ﬂ; ?E?&g)e Error (%)
30 30 30 30 30 0
40 40 40 40 40 0
60 60 60 60 60 0
80 80 80 80 80 0
90 90 90 90 90 0
120 120 120 120 120 0
150 150 150 150 150 0
180 180 180 180 180 0
210 210 210 210 210 0
240 240 240 240 240 0
270 270 270 270 270 0
300 300 300 300 300 0




Table 16 The summary of heart rate with gain x2
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Heart Rate (BPM) I({]g;li\l/})l l({]?e)sl;li\ﬁi 1(11(33;1;\1/}.;3 ?E;gf/[g)e Error (%)
30 30 30 30 30 0
40 40 40 40 40 0
60 60 60 60 60 0
80 80 80 80 80 0
90 90 90 90 90 0
120 120 120 120 120 0
150 150 150 150 150 0
180 180 180 180 180 0
210 210 210 210 210 0
240 240 240 240 240 0
270 270 270 270 270 0
300 300 300 300 300 0




Table 17 The summary of heart rate with gain x4
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Heart Rate (BPM) 1({];3;1;\1/})1 1(136;1;\1/3 I({]S;li\l/g /?g;rla\l/[g)e Error (%)
30 30 30 30 30 0
40 40 40 40 40 0
60 60 60 60 60 0
80 80 80 80 80 0
90 90 90 90 90 0
120 120 120 120 120 0
150 150 150 150 150 0
180 180 180 180 180 0
210 210 210 210 210 0
240 240 240 240 240 0
270 269 269 269 269 0.37
300 300 300 300 300 0




103

CHAPTER S

CONCLUSION

In this chapter, we will conclude the key parts of working on 3 leads ECG simulator
by using Arduino and summarize the results of the project when applied with the real
patient monitor in this report. In addition, this chapter will discuss the results of the ECG
simulator project and give suggestions for our project to be further developed and improved

on the working of 3 leads ECG simulator to be better.

5.1 Conclusion

This project is focused to create the ECG simulator 3 lead by using Arduino that
gets the performance at an affordable price, convenient, easy to use and accurate. As
commercial ECG simulators are quite expensive, and some companies do not have the need
to buy a fully functional ECG simulator on the market. To have to calibrate the machine
because some medical devices have ECG graph function as an optional function, such as
an ultrasound machine. When buying a commercially available ECG simulator, it is a huge
waste of budget, which the ECG simulator we have made can be used to make sure that the
ECG graph function can work before use. The cost of this project is around 7000 THB and
the cheapest price reach 50% when compared with the commercial ECG simulator product
on the market. We can create the ECG simulator 3 lead uses the Arduino Mega 2560 board
to be a microcontroller as the Arduino board is a microcontroller that is easy to use and
effective enough to be the main controller of this ECG simulator project. The ECG
simulator 3 leads by using Arduino has been used with the Nextion HMI TFT LCD, which
is a touchscreen LCD and interface display of ECG simulator project. The interface of the
Nextion HMI TFT LCD designs the function to adjust the heart rate and amplitude (gain)
that allows the users to use easily. We use micro-SD card module to import ECG signal
data and the digital to analog module to export ECG signal data.

In terms of accuracy, the measurement of ECG 1 cycle refers to the required value
and it is found that the measured value is within the standard range. The theoretical

amplitudes of lead I, lead II and lead III must be equal to 0.7,1 and 0.3 mV, respectively.
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Amplitude according to the calculations of lead I, lead II and lead III must be equal to 0.71,
1.02 and 0.3 mV respectively. Measurements of lead I, lead II and lead III all three times
found that the error value compared to the computation is obtained from the theory, the
error values of lead I, lead II and lead III were 1, 0.7 and 1 percent respectively. When
compared to the calculations from the voltage divider of lead I, lead II and lead III, they
are equal to 0.422, 1.274 and 1 percent respectively. After that, the RR interval is measured
to calculate the value of Heart rate. This is set to be equal to 30, 40, 60, 80, 90, 120, 150,
180, 210, 240, 270 and 300 beat per minute. Next, we will calculate the mean and find the
percentage of the error, the error values of 1.5, 0.92, 0.17, 0, 0.22, 0, 0, 0.41, 0.14, 0, 0.22
and 0 percent. The last measurement is the amplitude of the ECG, or gain, which has three
values, multiplied by 1, 2, and 4 times based on the value of one. It was found that three
measurement errors of x1, x2, and x4 are equal to 0 percent. Measurements of lead 1 lead
2 and lead 3 by three times found that the error value compared to the computation is
obtained from the theory, the error values of lead I x1, lead IT x1, lead III x1, lead I x2, lead
II x2, lead III x2, lead I x4, lead II x4 and lead III x4 were 1, 0.7, 1, 1.07, 1.35, 0.83, 0.11,
0.42 and 1.67 percent respectively. When compared to the calculations from the voltage
divider of lead I x1, lead II x1, lead III x1, lead I x2, lead 11 x2, lead III x2, lead I x4, lead
II x4 and lead III x4 equals 0.35, 0.64, 0.83, 0.42, 1.27, 1, 1.65, 2.38 and 1.67 percent
respectively. From the practical application of the patient monitor, it is found that the value
is relatively constant when adjusting the heart rate or amplitude (gain) values as we want
as well as it can show the values for both 3 leads, lead I, II and III.

When referring to the Department of Medical Sciences Ministry of Public Health,
electrocardiograph simulator heart rate must have range with coverage in the range of 30
to 200 beats per minute and errors are less than or equal to + 1.5%, our ECG simulator has
a heart rate ranging from 30 to 300 beats per minute and errors in each heart rate are not
more than 1.5%. Amplitude range values must be simulated to cover 0.5 to 2mV and Error
less than or equal to + 2.5%. Our ECG simulator 3 leads lead I can be simulated averaged
0.707, 1.41 and 2.8 mV. Lead II can be averaged at 1, 2 and 3.9 mV and lead III can be
simulated an average at 0.3, 0.6 and 1.18 mV, and all error values are less than 2.5%. In
the amplitude range, if measured in all 3 leads, our ECG simulator has rage within the

range, but if it measures only one lead, our ECG simulator cannot cover up to 0.5 mV.



105

5.2 Discussion

Our ECG simulator 3 leads can help test ECG functionality, but not yet a calibration
tool. Since we have not done the calibration with the Department of Medical Sciences. In
terms of stability and accuracy, we have been using an oscilloscope to measure various
values. The signal of the ECG we need is very small in mV unit, so it cannot be measured
directly, which requires an amplifier to help. Therefore, the measured value is more
inaccurate than using a device that can measure it. As a result, it is found that the values of
the ECG 1 cycle are in the standard range. The value of the heart rate has an error not
exceeding the limit. There is a value in the specified range of 30-300 beat per minute
(standard is 30-200 beat per minute). In the amplitude section, if every lead is measured, it
will be in the specified range but if only one lead is measured, it will not fall within the
specified range because the digital to analog module (MCP4725) cannot send the value
less than this. We can fix by adjusting the resistor values for each lead instead of modifying
the transmitted data, in which the value of the measured amplitude has the error less than
that. From the practical application of the real patient monitor, it was found that the values
were relatively stable and the noise in the patient monitor was less compared to the

oscilloscope because the patient monitor's built-in noise was eliminated.

5.3 Suggestions
From the suggestion of engineering who use the ECG simulator to check the ECG
function of medical device (Ultrasound machine) and for improving and develop the

working of ECG simulator the project be better in the future.

5.3.1 Microcontroller improves ECG data.

Changing the microcontroller board to improve the capability to store more ECG
data. The Arduino Mega board has a limited microprocessor to processing much of the
ECG data. And it is a cause to limit the number of ECG data to enable the Arduino to
process ECG data and to work with other devices that are connected to a microcontroller.
So that we should change the microcontroller to increase the efficient working of the ECG
simulator and improve the shape of the ECG waveform. The changing new microcontroller
must be efficient in receiving large amounts of data to process and sufficient to support

other connected devices.



106

5.3.2 Using the measuring device proper to the type of signal.

The measuring device that uses to measure the ECG signal should be a specific
measuring device for a tiny signal to prevent the error and noise that can occur from
improper use of measuring instruments. The ECG signal is a very small signal at the
microvolt level, and it is a signal that very sensitive and easy to occur noise in the signal.
So, that measuring the ECG signal may use the amplify instrument to amplify the signal
and then we can measure the signal. The caution of accessory connection such as amplify
instrument may have some error and the result that we measure the ECG signal may not

accurate as it should be.

5.3.3 Dividing the ECG value by using voltage divider.

The sending the ECG data through each resistor by calculating the voltage divider
to divide the ECG value before sending the data to the digital to analog module instead of
adjusting the ECG value from writing the code to divide the ECG value before sending
ECG value to digital to analog module. As if we adjust the value by writing code, the ECG
value that sending to digital to analog module is too small and digital to analog module
cannot convert the ECG data and we cannot measure the output of the ECG signal, so that
we should use the voltage divider to divide ECG data before sending data to digital to
analog module and the output of ECG value after pass the digital to analog module will

more accurate.

5.3.4 Using the eliminating noise circuit.

Using the eliminate noise circuit with the ECG simulator circuit may reduce the
occurring of noise on the ECG signal when measure the ECG signal on the oscilloscope or
applied with the patient monitor. ECG signal is a tiny signal at microvolt level, and it is
easy for the noise on the signal to occur. So, connection of the eliminate noise circuit is
one way that can reduce the noise occurring on ECG signal, and that makes measuring the

ECG signal more accurate.
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5.3.5 Take the ECG simulator 3 leads by using Arduino for calibration.

Take the ECG simulator 3 leads by using Arduino to calibrate with the Department
of Medical Sciences or an institution that accepts a calibration of the ECG simulator. To
truly know the performance of the device as well as can be used to the company or those
who want to use it effectively enough. Calibration of device can build the reliability of the

device to the user, so that the user can use the device efficiently and safely for the user.
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