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Abstract— An ECG can be used to measure the rate and 

regularity of heartbeats, the position of the chambers, the 

presence of any damage to the heart and the effects of drugs 

and devices used to regulate the heart. This project deals 

with the acquisition of ECG signal with the help of 

electrodes and interfacing to pc/laptops using MATLAB. 

And later on finding various arrhythmias (abnormal 

heartbeat).Cardiac Arrhythmias shows a condition of 

abnormal electrical activity in the heart which is a threat to 

humans. Processing of electrocardiogram (ECG) signal 

includes filtering of the signal and extraction of features and 

then analysis of it is done for the classification of heart beats 

according to different arrhythmias. The features calculated 

are: RR interval, QRS complex, Heart rate , Change in Heart 

rate. Cardiac arrhythmias which are found are Tachycardia 

and Bradycardia . Transform is used to detect the peaks in 

the ECG signal and threshold is decided accordingly. 

Depending on the threshold the abnormality of the patient is 

identified. 
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I. INTRODUCTION 

A. Conduction System of the Heart:  

Cardiac conduction is the rate at which the heart conducts 

electrical impulses. The heart is a muscle with a special 

electrical conduction system. The system is made of two 

nodes and a series of conduction fibers or bundles.  

 The normal heart begins with an electrical impulse 

from the SA (sinoatrial) node, located high in the right 

atrium. The SA node is the pacemaker of the normal heart, 

responsible for setting the rate and rhythm. The impulse 

spreads through the walls of the atria, causing them to 

contract. Next, the impulse moves through the AV 

(atrioventricular) node, a relay station, into the conduction 

bundles which are located in the ventricles themselves. As 

the impulse travels down the bundles, the ventricles 

contract. The cycle then repeats itself. 

 
Fig. 1: 

Heart's electrical system is made up of three main parts: 

 The sinoatrial (SA) node, located in the right 

atrium of your heart. 

 The atrioventricular (AV) node, located on the 

interatrial septum close to the tricuspid valve. 

 The His-Purkinje system, located along the walls of 

your heart's ventricles. 

1) Depolarization and Repolarization: 

1) Cardiac cells at rest are considered polarized, 

meaning no        electrical activity takes place.  

2) The cell membrane of the cardiac muscle cell 

separates different concentrations of ions, such as 

sodium, potassium, and calcium. This is called the 

resting potential.  

3) Electrical impulses are generated by automaticity 

of specialized cardiac cells.  

4) Once an electrical cell generates an electrical 

impulse, this electrical impulse causes the ions to 

cross the cell membrane and causes the action 

potential, also called depolarization  

5) The movement of ions across the cell membrane 

through sodium, potassium and calcium channels, 

is the drive that causes contraction of the cardiac 

cells/muscle.  

6) Depolarization with corresponding contraction of 

myocardial muscle moves as a wave through the 

heart.  

7) Repolarization is the return of the ions to their 

previous resting state, which corresponds with 

relaxation of the myocardial muscle.  

8) Depolarization and repolarization are electrical 

activities which cause muscular activity. 

9) The action potential curve shows the electrical 

changes in the myocardial cell during the 

depolarization – repolarization cycle.  

10) This electrical activity is what is detected on ECG, 

not the muscular activity.  

B. Four Steps of Cardiac Conduction: 

1) Step 1: Pacemaker Impulse Generation:  

The sinoatrial (SA) node (also referred to as the 

pacemaker of the heart) contracts generating nerve 

impulses that travel throughout the heart wall. This 

causes both atria to contract. The SA node is 

located in the upper wall of the right atrium. It is 

composed of nodal tissue that has characteristics of 

both muscle and nervous tissue.  

2) Step 2: AV Node Impulse Conduction:  

The atrioventricular (AV) node lies on the right 

side of the partition that divides the atria, near the 

bottom of the right atrium. When the impulses from 

the SA node reach the AV node they are delayed 

for about a tenth of a second. This delay allows the 

atria to contract and empty their contents first.  

3) Step 3: AV Bundle Impulse Conduction:  
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The impulses are then sent down the 

atrioventricular bundle. This bundle of fibers 

branches off into two bundles and the impulses are 

carried down the center of the heart to the left and 

right ventricles.  

4) Step 4: Purkinje Fibers Impulse Conduction:  

At the base of the heart the atrioventricular bundles 

start to divide further into Purkinje fibers. When 

the impulses reach these fibers they trigger the 

muscle fibers in the ventricles to contract.  

The SA node sends electrical impulses at a 

certain rate, but your heart rate may still 

change depending on physical demands, 

stress, or hormonal factors. 

II. ECG WAVEFORM 

The ECG records the electrical activity that results when the 

heart muscle cells in the atria and ventricles contract. 

 Atrial contractions show up as the P 

wave.Ventricular contractions show as a series 

known as the QRS complex. 

 The third and last common wave in an ECG is the 

T wave. This is the electrical activity produced 

when the ventricles are recharging for the next 

contraction (repolarizing).   

The electrical activity results in P, QRS and T 

waves that are of different sizes and shapes. When viewed 

from different leads, these waves can show a wide range of 

abnormalities of both the electrical conduction system and 

the muscle tissue of the hearts 4 pumping chambers.  

A. ECG Waveform Showing Various Segments: 

 
Fig. 2: ECG Waveform Various Segments 

III. CARDIAC ARRHYTHMIAS 

A. Bradycardia:  

A slow rhythm, (less than 60 beats/min), is labelled 

bradycardia. This may be caused by a slowed signal from 

the sinus node (termed sinus bradycardia), a pause in the 

normal activity of the sinus node (termed sinus arrest), or by 

blocking of the electrical impulse on its way from the atria 

to the ventricles (termed AV block or heart block). Heart 

block comes in varying degrees and severity. It may be 

caused by reversible poisoning of the AV node (with drugs 

that impair conduction) or by irreversible damage to the 

node. Bradycardias may also be present in the normally 

functioning heart of endurance athletes or other well 

conditioned persons.  

B. Tachycardia:  

 In adults and children over 15, resting heart rate 

faster than 100 beats/minute is labelled tachycardia. 

Tachycardia may result in palpitation, however, tachycardia 

is not necessarily an arrhythmia. Increased heart rate is a 

normal response to physical exercise or emotional stress. 

This is mediated by the sympathetic nervous system on the 

sinus node, and is called sinus tachycardia. Other things that 

increase sympathetic nervous system activity in the heart 

include ingested or injected substances such as caffeine or 

amphetamines, and an overactive thyroid gland 

(hyperthyroidism).Tachycardia that is not sinus tachycardia 

usually results from the addition of abnormal impulses to the 

normal cardiac cycle. Abnormal impulses can begin by one 

of three mechanisms: automaticity, reentry or triggered 

activity. A specialised form of re-entry problem is termed 

fibrillation. 

IV. ECG LEADS 

The three types of ECG leads are: 

 Limb Leads (Bipolar)  

 Augmented Limb Leads (Unipolar) 

Some of the ECG leads are bipolar leads (e.g., standard 

limb leads) that utilize a single positive and a single 

negative electrode between which electrical potentials are 

measured. Unipolar leads (augmented leads and chest leads) 

have a single positive recording electrode and utilize a 

combination of the other electrodes to serve as a composite 

negative electrode. 

A. Electrocardiogram Standard Limb Leads (Bipolar): 

There are three of these leads, I, II and III. 

1) Lead I: is between the right arm and left arm 

electrodes, the left arm being      positive. 

2) Lead II: is between the right arm and left leg 

electrodes, the left leg being positive. 

3) Lead III: is between the left arm and left leg 

electrodes, the left leg again being positive.   

 
Fig. 4.1(a):  Standard Limb Leads of ECG 

Lead I has the positive electrode on the left arm, and the 

negative electrode on the right arm, and therefore measures 

the potential difference between the two arms. In this and 

the other two limb leads, an electrode on the right leg serves 

as a reference electrode for recording purposes.  

 In the lead II conFigureuration, the positive 

electrode is on the left leg and the negative electrode is on 

the right arm.  

 Lead III has the positive electrode on the left leg 

and the negative electrode on the left arm. These three 

bipolar limb leads roughly form an equilateral triangle (with 

the heart at the center) that is called Einthoven's triangle in 

honor of Willem Einthoven who developed the 
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electrocardiogram in 1901. Whether the limb leads are 

attached to the end of the limb (wrists and ankles) or at the 

origin of the limb (shoulder or upper thigh) makes no 

difference in the recording because the limb can simply be 

viewed as a long wire conductor originating from a point on 

the trunk of the body. 

 
Fig. 4.1(b): AXIAL REFERENCE SYSTEM 

If the three limbs of Einthoven's triangle (assumed to be 

equilateral) are broken apart, collapsed, and superimposed 

over the heart, then the positive electrode for lead I is said to 

be at zero degrees relative to the heart (along the horizontal 

axis) (see figure at right). Similarly, the positive electrode 

for lead II will be +60º relative to the heart, and the positive 

electrode for lead III will be +120º relative to the heart as 

shown to the right. This new construction of the electrical 

axis is called the axial reference system.  

 With this system, a wave of depolarization 

traveling at +60º produces the greatest positive deflection in 

lead II. A wave of depolarization oriented +90º relative to 

the heart produces equally positive deflections in both lead 

II and III. axis.  

  For a heart with a normal ECG and a mean 

electrical axis of +60º, the standard limb leads will appear as 

follows: 

 
Fig. 4.1(c): SIGNALS FROM EACH LEAD 

The Einthoven limb leads (standard leads) are defined in the 

following: 

Lead I: VI = ΦL – ΦR 

Lead II: VII = ΦF - ΦR  

Lead III: VIII = ΦF - ΦL  

VI  = the voltage of Lead I  

VII       = the voltage of Lead II  

VIII = the voltage of Lead III 

V. BLOCK DIAGRAMS 

A. Block Diagram for Signal Acquisition: 

 
Fig. 5: Block Diagram of Signal Acquisition 

The signal from the lead I is picked using the 3 electrodes 

and those signals are get amplified and then they are filtered 

to remove the noise and the power line interference. Thus 

obtained signal is given to the PIC microcontroller and the 

digitalized signal is then passed to the PC using RS232 Data 

Logger. The required operations on the picked ECG signal 

are done in Arduino Board and in the PC using MATLAB 

and the output is displayed. 

1) Electrodes: 

An electrode picks up potential signal from the human body. 

There are 3 electrodes used- one for left arm, one for right 

arm & one for reference. 

 

 
Fig. 6: 3Electrodes 

2) Instrumentation Amplifier: 

An instrumentation amplifier is a type of differential 

amplifier that has been outfitted with input buffers, which 

eliminate the need for input impedance matching and thus 

make the amplifier particularly suitable for use in 

measurement and test equipment. Additional characteristics 

include very low DC offset, low drift, low noise, very high 

open-loop gain, very high common-mode rejection ratio, 
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and very high input impedances. Instrumentation amplifiers 

are used where great accuracy and stability of the circuit 

both short- and long-term are required.    

3) High Pass Filter: 

A high-pass filter is a filter that passes high frequencies 

well, but attenuates (reduces the amplitude of) frequencies 

lower than the cutoff frequency (0.5 Hz). The actual amount 

of attenuation for each frequency varies from filter to filter. 

It is sometimes called a low-cut filter; the terms bass-cut 

filter or rumble filter are also used in audio applications. A 

high-pass filter is the opposite of a low-pass filter, and a 

band-pass filter is a combination of a high-pass and a low-

pass. 

            It is useful as a filter to block any unwanted low 

frequency components of a complex signal while passing 

the higher frequencies. Of course, the meanings of 'low' and 

'high' frequencies are relative to the cutoff frequency chosen 

by the filter designer. 

4) Low Pass Filter: 

A low-pass filter is a filter that passes low-frequency signals 

but attenuates (reduces the amplitude of) signals with 

frequencies higher than the cutoff frequency (35 Hz). The 

actual amount of attenuation for each frequency varies from 

filter to filter. It is sometimes called a high-cut filter.or 

treble cut filter when used in audio applications. 

B. Block Diagram for Feature Extraction: 

 
Fig. 7: Block Diagram for Feature Extraction 

The ECG data collected using RS232 data Logger software. 

These text files are used to determine arrhythmia. The ECG 

data used here is the real and digital ECG data of the patient 

and from that digital data various parameters are calculated. 

After pre-processing of the acquired signal its features 

extraction is there. It includes RR interval. Using transform 

peaks are detected and threshold is being set accordingly. 

Based on the threshold set the classification of the normal 

and abnormal patient is done. Among the noises, the power 

line interference and the baseline wandering are the most 

significant and can strongly affect ECG signal analysis. 

Except for these two noises, other noises may be wideband 

and usually a complex stochastic process which also distort 

the ECG signal. The power line interference is narrow-band 

noise centered at 60 Hz (or 50 Hz) with a bandwidth of less 

than 1 Hz. Usually the ECG signal acquisition hardware can 

remove the power line interference. However the baseline 

wandering and other wideband noises are not easy to be 

suppressed by hardware equipments.Instead, the software 

scheme is more powerful and feasible for offline ECG 

signalprocessing. Baseline wandering usually comes from 

respiration at frequencies wandering between 0.15 and 0.3 

Hz, and we can suppress it by a butter worth first order high 

pass digital filter and butter worth second order low pass 

digital filter. Remove first samples of acquired ECG. Set 

threshold for R peak. Calculate the time interval between R 

peak to find R-R interval. Compare time interval with 

normal R-R interval. If time interval less than 0.6 then its 

brahycardia and if it is greater than 1 then it is tachycardia. 

VI. SYSTEM OPERATION 

A. Flowchart: 

 
Fig. 8: Flowchart 

Fig. 9: 

VII. RESULTS 

Hardware is simulated in multisim for testing of circuit 

design.                                                                 

A. ECG Signal: 
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Fig. 10: ECG Signal 

B. Simulated Result: 

 
Fig. 11: Simulated Signal 

                ECG waveform is displayed on CRO. This is 

result of signal conditioning circuit .i.e. amplifier and filter  

after breadboard  testing, troubleshooting. 

 
Fig. 12: 

Above ECG signal is then converted into digital 

form. Digitized signal is then processed using Matlab. Such 

different signals are collected and  its results are  tabulated 

as follows. 

R-R Interval between 1and 0.6 are normal ECG 

database. R-R interval above 1 shows tachycardia and R-R 

interval less than 0.6 shows bradycardia 

VIII. RESULT TABLE 

ECG signal Data R-R Interval Result 

Data1 0.7138 Normal 

Data2 0.8517 Normal 

Data3 0.3069 Bradycardia 

Data4 0.8601 Normal 

Data5 1.1356 Tachycardia 

Data6 0.7869 Normal 

Table 1: Result Table 

IX. CONCLUSION 

This design is easy to use at anytime and anywhere, User 

friendly, convenient in many aspects, In the past few 

decades we have observed a vast development in the 

transmission of an ECG signal .Through our project we have 

tried to develop to create a more comfortable path in 

processing the signal. In the past studies we have observed 

the result in the oscilloscope now here matlab programming 

is done to observe the result in a more comfortable manner. 
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