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Abstract: Heart beat classification is considered as the main tool for recognizing and diagnosing different heart diseases. The shape and size of
these waves, the time between each wave and the rate and regularity of the heartbeat provide valuable information to doctors. An
electrocardiogram, also called an ECG or EKG, is a quick, painless test that measures the heart’s electrical activity and records any disturbances
in heart thythm. The paper aimed at demonstrating electrocardiogram (ECG) signal processing to show the nonlinear abnormalities of the heart

using Microsoft Excel. The study will definitely enhance fast and cost effective diagnosis of Ischemic Episodes.
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L. INTRODUCTION

The human heart is an organ that pumps blood throughout
the body using the circulatory system, removing carbon dioxide
and wastes, and giving oxygen and nutrients to the tissues [1].
An abnormality of the heart is when the human heart beats too
fast, slow, or irregularly [2]. It is called arrhythmia. The heart
contains a complex system of values, nodes, and chambers that
controls when and how the blood pumps [2].

There are different types of abnormal heart beat; they are:
Atrial Fibrillation and Flutter, Congestive Heart Failure (CHF),
Congestive (Dilated) Cardiomyopathy, Mitral Value Prolapse,
Hypertensive Heart Disease, Cardiogenic Shock, Dissection of
the Aorta, Hypokalemia, Hyperthyroidism, Anaphylaxis,
Hypoglycemia (low blood sugar), Hypothyroidism, Aortic
Coarctation, Ventricular Septal Defects [2]. The abnormal heart
beat has various types. These ones mentioned are just few of it
[2].

The abnormal heart beat considered here is the Ischemic
Episodes. The word ischemia means heart stroke. It is a
cardiovascular disorder which affects the heart and the blood
vessels. The coronary arteries become narrowed by
atherosclerosis which restricts the flow of blood and oxygen to
the heart and brain. This makes brain cells to die which creates
cardiac disorder or cardiac arrhythmias known as ischemia [3].
In detecting this heart disorder, the process takes longer if
analyzed by the doctor using long duration ECG data. The key
to ischemic episodes detection is the ST-segment deviation and
T-wave Amplitude changes [4].

This work aimed at demonstrating electrocardiogram
(ECG) signal processing to show the nonlinear abnormalities of
the heart using Microsoft Excel.

A. Medical Background of the Heart

The heart consists of four chambers, two upper (the atria)
and two lower (the ventricles) as shown in figure 1. The heart
is a powerful muscle that lies in the chest. The heart beat is the
physical contraction of the heart muscle for pumping blood

[5].

© 2015-19, IJARCS All Rights Reserved

Abnormal heart rhythms is when an individual has an
abnormal heart rthythm. It happens when an individual’s heart
electrical system breaks down or malfunctions. This may be a
symptom of underlying coronary heart disease or other
medical problems [6]. The causes of arrhythmias are: irritable
heart cells, blocked signals, abnormal pathway, medicines and
stimulants, coronary artery spasm (prinzmetalangina).
Diagnosis of arrhythmias is done using electrocardiography
(ECG) and Tilt Tests [6]. ECG shows the doctor how the
electrical system in the heart works. Tilt tests helps the doctor
to know whether or not different body positions will trigger an
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arrhythmia. They are useful for investigating the hearts of
people who faint without explanation [6].

Figure 1. Hart Anatomy [7]

B. Overview of an Abnormal Heart

The heart is a muscular organ with four chambers designed
to work efficiently, reliably, and continuously over a lifetime.
The muscular walls of each chamber contract in a regulated
sequence, pumping blood as required by the body while
expending as little energy as possible during each heartbeat

[8].
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Heart disorders are the most common cause of an abnormal
heart rhythm. Sometimes people are aware of abnormal heart
rhythms, but many times they feel only their consequences,
such as weakness or fainting [8]. The diagnosis is based on
electrocardiography. Treatment involves restoring the heart to
a normal rhythm and preventing further episodes.

Contraction of the muscle fibers in the heart is controlled
by electricity that flows through the heart in a precise manner
along distinct pathways at a controlled speed [8]. The
electrical current that begins each heartbeat originates in the
heart’s pacemaker (called the sinus node or sino atrial node),
located in the top of the upper right heart chamber (right
atrium). The rate at which the pacemaker discharges the
electrical current determines the heart rate. This rate is
influenced by nerve impulses and by levels of certain
hormones in the bloodstream.

C. Conduction Systems

The heart rate is regulated automatically by the autonomic
nervous system, which consists of the sympathetic and
parasympathetic divisions [8]. The sympathetic division
increases the heart rate through a network of nerves called the
sympathetic plexus. The parasympathetic division decreases
the heart rate through a single nerve, the vagus nerve.

Heart rate is also influenced by hormones released into the
bloodstream by the sympathetic division which is called
epinephrine (adrenaline) and norepinephrine (noradrenaline).
This sympathetic division’s increases heart rate. Thyroid
hormone also increases heart rate when it is been released into
the blood stream by the thyroid gland [8].

When an adult is at rest, the normal heart rate is usually
between 60 and 100 beats per minute. Lower rates may be
normal in young adults, especially those who are physically
fit. An individual’s heart rate varies normally in response to
exercise and such stimuli as pain and anger. Heart rhythm is
considered abnormal only when the heart rate is
inappropriately fast (called tachycardia), slow (called
bradycardia), or irregular or when electrical impulses travel
along abnormal pathways [8].

D. Tracing the Heart’s Electrical Pathway

The sinoatrial (sinus) node (1) initiates an electrical
impulse that flows through the right and left atria (2), making
them contract. When the electrical impulse reaches the
atrioventricular node (3), it is delayed slightly. The impulse
then travels down the bundle of His (4), which divides into the
right bundle branch for the right ventricle (5) and the left
bundle branch for the left ventricle (5). The impulse then
spreads through the ventricles, making them contract [8].
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Figure 2. Tracing the Heart’s Electrical Pathway [8]
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Figure 3. Electrical Conduction System of the Heart [8]

E. Electrical Conduction System of the Heart

The electrical current travels down the bundle of His which
is a group of fibers that divide into a left bundle branch for the
left ventricle and a right bundle branch for the right ventricle,
after passing through the atrioventricular node. The electrical
current then spreads in a regulated manner over the surface of
the ventricles, from the bottom up, initiating contraction of the
ventricles, which eject blood from the heart [8].

F. Electro Cardiogram (ECG)

This is the graphical recording of the electrical signals
generated by the heart [9]. ECG was introduced for the first
time by Willem Einthoven in 1983 The ECG mainly contains
three main signal structure. Cardiac arrhythmias which are
results of abnormal heart activity upon certain conditions can
be indicated by the change in shape of one of these traces [6].
Placing electrodes (up to 12 electrodes) at various body points
is the way in which the ECG can record the electrical activity
of the heart [6]. An automation of cardiac arrhythmias using
ECG is considered as one of the most important recent fields
of research [10] as ECG is considered a reliable tool.

II. DEMONSTRATION OF ECG SIGNAL
PROCESSING TO SHOW NON LINEAR
ABNORMALITIES OF THE HEART

In order to demonstrate ECG signal processing to show
nonlinear abnormalities of the heart, an abnormal heart data set
was extracted online from kaggle database. This data contains
various fields which includes; age, sex, cp, restbp, chol, fbs,
restecg, thalach, exang, oldpeak, slope, and ca. This fields are
described further in 2.1.

A. Description of Fields Used in the Abnormal Heart
Dataset

The Age is in years, Sex (1= male; 0= female), cp means
chest pain type, restbp means resting blood pressure (in mm
Hg on admission to the hospital), chol means serum
cholestoral in mg/dl, fbs means ((fasting blood sugar > 120
mg/dl), 1=true; 0= false), restecg means resting
electrocardiographic results), thalach means ((maximum heart
rate achieved), thal 3=normal; 6= fixed defect; 7= reversible
defect, target 1 or 0.), exang means (exercise induced angina
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C. Demonstration of Abnormal Heart Dataset Using
Excel

RestBp Versus Age

Figure 7. Demonstrating RestECG versus Age

Figure 4. Demonstrating RestBp versus Age

Chol Versus Age MaxHR Versus Age

MaxHR

Figure 5. Demonstrating Chol versus Age

Figure 8. Demonstrating MaxHR versus Age
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ExAng Versus Age

ExAng
Figure 9. Demonstrating ExAng versus Age

Oldpeak Versus Age

Age Dldpeal

Figure 10. Demonstrating Oldpeak versus Age

Slope Versus Age

Figure 11. Demonstrating Slope versus Age
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Ca Versus Age

Age La

Figure 12. Demonstrating Ca versus Age

Figure 13.  ECG Signals of an Abnormal Heart

III. CONCLUSION

The heart is an important and sensitive organ of the human
body and should be prevented from any form of hazardous
agent. Every individual should do a routine check of their body
system so as to know the health status of their body. That way
they can also be able to know the condition of their heart from
time to time. The ECG is an important signal among all
bioelectrical signals used in the diagnosis of many cardiac
disorders and can be recorded from the wave passage of the
depolarization and repolarization processes in the heart. The
voltage in the heart tissues is conducted to the body surface
where it is measured using electrodes. This work demonstrated
an ECG Signal Processing of an abnormal heart Using
Microsoft Excel. In future this demonstration can be done using
Mat Lab or Python programming language. Analysis can also
be conducted using any of the machine language model.
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