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Abstract 

Investigation of ECG flag incorporates age and recreation of ECG flag, 

securing of constant ECG information, ECG flag separating and handling, 

include extraction, correlation between various ECG flag examination 

calculations and strategy identification of any variations from the norm in 

ECG, figuring beat rate et cetera utilizing the MATLAB programming. The 

best possible usage of MATLAB capacities tool compartment and we can 

work with ECG signals as Simulink can promote us to work with it for 

handling and with examination and both continuously and by reenactment 

with incredible exactness and comfort. It is the elucidation of the electrical 

action done by the heart over some stretch of time. Investigation of ECG flag 

gives data with respect to the state of heart. Different techniques like Fast 

Fourier Transforms, Wavelet Transform have been utilized for discovery of 

cardiovascular maladies. In this venture single ECG flag is extricated, it is 

then sifted utilizing Savitzky-Golay Filter. It is automated channel that can 

be associated to an arrangement of cutting edge information centers to 

smooth the information, that is, to build the flag to-clamor proportion 

without significantly mutilating the flag. The most extreme Peaks are found 

in the flag in the wake of smoothening of bend. 

 

 

1. Introduction 

ECG or An Electrocardiogram is an analytic device 

which measures the electrical movement of the heart 

beat in course of time. The acknowledgment and 

examination of the ECG flag is difficult, as their size 

and shape may in the long run change and furthermore, 

the nearness of clamor can likewise change the flag. 

The execution of a computerized ECG examination 

framework depends vigorously on the solid discovery 

of various parts of the flag e.g. the QRS complex, the 

P wave and the T wave. Regarding infection 

classification, the QRS complex is of neurotic 

significance and its location fills in as a section 

purpose of the majority of the computerized ECG 

examination calculations. A few distinctive 

methodologies in view of neural systems, some 

heuristic techniques in view of nonlinear change and 

wavelet change has been proposed previously. 

Electrocardiogram is a graphical exhibition of the 

variety of bio-potential against time. The leads are set 

on particular areas of the body of the individual to 

record ECG either on diagram paper or on screens. 

The human heart consists of four chambers i.e. Right 

Atrium (RA), Left Atrium (LA), Right Ventricle (RV) 

and Left Ventricle (LV). The upper chambers are the 

two Atria's and the lower chambers are the two 

Ventricles. Under sound condition the pulse starts at 

the Right Atrium known as Sino Atria (SA) hub and a 

unique gathering of cells send these electrical flags 

over the heart. This flag heads out from the Atria to the 

Atrio Ventricular (AV) hub. It interfaces with a 
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gathering of filaments in Ventricles which leads the 

electrical flag and transmits the motivation to all parts 

of the lower chamber, the Ventricles. The fundamental 

structure of heart is portrayed in Figure1.[1-10] 

 

   Fig1. Schematic Anatomy of 

Human Heart 

Eachheart beat showed is an arrangement of the 

electrical waves depicted by tops and valleys. ECG 

principally gives two sorts of data. One is the traverse 

of the electrical wave going through the heart and it 

will pick whether the electrical action is typical or 

moderate or sporadic. Second is the measure of 

electrical action going through the heart muscle that 

finds whether the parts of the heart are too extensive or 

exhausted. The recurrence scope of an ECG flag is 

0.05– 100 Hz and its dynamic range is 1– 10 mV. The 

ECG flag is depicted by five pinnacles and valleys 

spoke to by the letters P, Q, R, S, T. [5] Sometimes U 

wave is likewise present. The execution of ECG 

investigation depends on the precise and solid 

discovery of the QRS intricate and T-and P waves. A 

perfect ECG wave is as appeared in Figure 2. The P-

wave speak to the initiation of the two atria, the upper 

gatherings of the heart, while the QRS complex and T-

wave speak to the excitation of the lower council of 

the heart, the ventricles. QRS recognition is one of the 

major issues in programmed ECG flag examination. 

After QRS complex has been identified an intensive 

examination of ECG flag is finished. The P, QRS and 

T-waves mirror the cadenced electrical depolarization 

and repolarization of the myocardium connected with 

the compressions of the atria and ventricles. The even 

area of this waveform before the P-wave is named as 

the benchmark or the isopotential line. The P-wave 

compares to the depolarization of the atrial 

musculature. The QRS complex gives the consolidated 

aftereffect of the repolarization of the atria and 

depolarization of the ventricles, which happens nearly 

at same time. The T-wave is the flood of ventricular 

repolarization, while the U-wave, if introduce is 

regularly accepted to be the aftereffect of after 

possibilities in the ventricular muscle. [4] So the length 

abundancy and morphology of the QRS complex is 

useful in diagnosing cardiovascular arrhythmias, 

conduction anomalies, ventricular hypertrophy, 

myocardial contamination and other ailment states. 

The standard rate of heart is 60 to 100 thumps for 

every moment. A slower rate than the normal range is 

knows as bradycardia (moderate heart) and a higher 

rate is called as tachycardia (quick heart). 

 

Fig2. ECG Waveform 
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2. Literature Review 

ECG flag investigation and location has been a 

fascinating theme from numerous years and stillthe 

research is happening in this field. Different strategies 

have been produced for ECG investigation as Fast 

Fourier change, Short time Fourier change, and so on.  

• Fast Fourier Transform (FFT):  

Prior the strategy utilized for ECG flag examination 

was time space technique. In any case, the impediment 

was that it was not adequate to ponder all attributes of 

ECG flag. So another strategy FFT was produced. It an 

outstanding technique which changes time area flag to 

recurrence space to acquire the recurrence coefficients. 

FFT is a rudimentary change in computerized flag 

handling and has different applications in recurrence 

examination, flag preparing and so forth. It is a quick 

and more skilled calculation to work out the Discrete 

Fourier Transform (DFT) and acquires a similar 

impact. 

   𝑋 𝑘 =   x e^ −
𝑁−1

𝑛=0

(nk2πi/n)..….  (1)     

Where k is a whole number extending from 0 to N-1. 

ECG signs can be packed by utilizing assortment of 

procedures. A standout amongst the most imperative 

strategies is FFT. The aggregate procedure comprises 

of the accompanying advances:  

• Obtaining an ECG test or information flag.  

• Compressing the info motion by evacuating the low 

recurrence segments.  

• Recovery of the first flag by utilizing reverse FFT. 

[2]  

Be that as it may, the drawback of FFT is that it 

neglected to give the data with respect to the precise 

area of recurrence segments in time.  

• Short Time Fourier Transform (STFT):  

It is known as Windowed-Fourier change, i.e. Gabor 

change. STFT has both time and recurrence data. It is 

utilized to decide the sinusoidal recurrence and stage 

substance of the flag as it fluctuates with time. The 

STFT based spectrogram is a basic and quick method 

in contrast with other time– recurrence investigation. It 

is a simple approach of cutting the waveform of 

enthusiasm into various short-portions. At that point it 

examines each section utilizing standard Fourier 

change. A window work is connected to a section of 

information, effectively separating that portion from 

the general waveform, and Fourier change is 

connected to that fragment. This is called as the 

spectrogram or the Short-Time Fourier Transform. [2] 

 

Where w (t) is a window, having term T, focused at 

time area t, the Fourier change of the windowed flag x 

(t) w (t - τ) is the STFT. In any case, the constraint of 

STFT is that its chance recurrence accuracy isn't ideal. 

Subsequently a more appropriate strategy is picked to 

conquer this downside[11-20]. 

3. Proposed Method 

Wavelet device is an intense instrument for bio 

medicinal signs, which tend to change their factual 

properties with time. Albeit effective, however the past 

methodologies endure because of the nearness of 

commotion components. As edge is constantly reliant 

on the commotion and modulus maxima alone could 

experience the ill effects of the discontinuities or the 

state of the flag also. In STFT window ought to 

dependably have a settled size and along these lines it 

doesn't give multi determination data of the flag. In 

any case, Wavelet Transform has the multiresolution 

property which provides both time and recurrence data 

through factor window estimate[20-25].  

The Wavelet implies a little wave and the investigation 

of Wavelet Transform is another instrument for 

seismic flag examination. Immediately, Alex 

Grossmann hypothetical physicists contemplated the 

opposite recipe for the wavelet change. A Wavelet is a 

little wave which has vitality moved in time and gives 

an instrument to the investigation of transient, 

nonstationary or time-fluctuating signs[25-30].  

A few highlights which make them helpful are:  

• Wavelets are limited in both time and recurrence.  

• For breaking down non-stationary flags, for example, 

ECG which have visit level varieties and uneven 

highlights.  

• Wavelet isolates a flag into many multiresolution 

segments. [3]  
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The Wavelet Transform is a period scale portrayal 

which has been utilized viably in an assortment of 

utilizations, specifically flag pressure. It is a straight 

procedure that deteriorates the flag into various scales 

related with recurrence parts and investigates each 

scale with a specific determination. Another preferred 

standpoint of Wavelet system is different Wavelet 

capacities accessible, that permits choosing the best 

capacity for breaking down the flag while if there 

should arise an occurrence of Fourier investigation it is 

confined to one element morphology which is the 

sinusoid[30-35].  

Wavelet changes can be characterized mainly into two 

classifications:  

 CWT or Continuous Wavelet Transforms  

 DWT or Discrete Wavelet Transforms  

Discrete Wavelet Transform 

The N boisterous information focuses are changed 

through the discrete wavelet change, to acquire N 

uproarious wavelet coefficients. The DWT of a flag x 

is computed by going it through a progression of 

filters. After couple of cycles in multiscale 

examination, the guess coefficients compare to the 

lower recurrence benchmark float part of the ECG 

flag. The focusing of the scaling coefficients brings 

about evacuating the impact of pattern float. So as to 

get great outcome, the essential parameter to consider 

in this approach is the level of deterioration. The 

wrong choice of the decay level may bring about either 

finished fitting impact in gauge guess or on the other 

hand with poor estimate because of abnormal state. [3] 

 

This strategy utilizes Savitzky-Golay channel which is 

utilized for convolution, through fitting progressive 

sub-sets of nearby information concentrations with a 

low-degree polynomial through the technique for 

direct minimum squares. At the point when the 

information focuses are similarly dispersed, a logical 

answer for even the slightest squares conditions can be 

found, as a solitary arrangement of "convolution 

coefficients" that can be connected to all information 

sub-sets, to give appraisals of the smoothed flag, (or 

subordinates of the smoothed flag) at the essential 

issue of each sub-set. 

4. Setup 

1) Chest (Precordial) Electrodes and Placement 

 

   Fig3. Setup of ECG Signal Recording (Chest) 
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2) Limb (Extremity) Electrodes and Placement 

 

  Fig4. Setup of ECG Signal Recording (Limb) 

5. Results 

 

Fig5. 12 Lead ECG Signals. 

The figure5 represents the 12 lead ECG signals which are placed at various parts of the chest. Each lead 

records its own ECG waveform and is displayed in the above figure5. 
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Fig6. ECG Signal of Single Lead 

 

The above figure6 represents the ECG waveform of single lead. This waveform has P, QRS Complex & T 

waves. The Peak represents the R point in the waveform. The local minima are represented by the S point. 

The starting wave of the signal is P wave.  

 

 

Fig7. Wave Depiction of ECG 

In the above figure7, R point is represented by heart symbol in red color. The Q wave is represented by the 

sky blue color and the S point is represented by pink color and the S-post wave is represented by the violet 

color symbol. 

Case 1) 
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 Ventricular Fibrillation: The Ventricles twitch in feeble, uncoordinated fashion with no blood being 

pumped from the heart. The ECG is very much uncoordinated as shown in fig-8. 

 

Fig8. Ventricular Fibrillation 

 

   Fig9. ECG wave for Ventricular Fibrillation 

In the figure9, the ECG signal for Ventricular 

Fibrillation has been displayed. The waveform shows 

that only P wave can be detected. The QRS complex 

does not exist and hence Heart Rate cannot be 

calculated. 

Case 2) 

Atrioventricular Block: It is a state of complete heart 

block. Cells in the AV node are dead and activity 

cannot pass from atria to ventricles. Atria and 

ventricles beat independently.  

 Fig10. Atrioventricular Block (AV Block) 
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Fig10: Atrioventricular Block for ECG Signal 

There is no correlation between atria and ventricular observed in fig-10. 

6. Conclusions: 

Heart Rate = 81.85 beats/min. 

QRS Period = 62 milliseconds. 

Data set: The ECG signals which are used in this work 

are a part of MIT-BIH Arrhythmia Database given on 

the website of MIT [6]. This work proposes a new 

method to detect the QRS complex from wavelet based 

approaches. The main contribution of this work is in 

the detection of QRS complex by using the properties 

of R peaks. We have distinguished the sharp variation 

in the ECG by relating them to the local maxima and 

minima in wavelet transform across different scales. 

At this stage the algorithm has been tested on part of 

MIT-BIH arrhythmia database and the result obtained 

were quite encouraging to improve and test this 

algorithm for other data set as well. In the future, this 

algorithm can be used to detect the type of disease the 

person may be suffering through. This algorithm can 

give us the time period for P-wave, Q-wave. 
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