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Abstract—The heart condition is monitored by the
Electrocardiogram (ECG) signal. The abnormal conditions of
the heart results in the artificial Arrhythmia. This paper deals
with the study and analysis of ECG signal by means of
MATLAB tool effectively. The study of ECG signal and
Arrhythmia detection and analysis includes generation and
simulation of ECG signal, real time ECG data analysis, ECG
signal de-noising and processing using filters and detrending
technique, detection of QRS peaks and its Locations, calculation
of RR and QRS interval, calculation of heart beat rate using the
MATLAB software, detection of any abnormalities in ECG by
using the above parameters. This way the person having
abnormal rhythm is detected. Previous, analysis of Arrhythmia
is done only based on heart rate but in this paper even other
parameters RR and QRS intervals are calculated and are used
along with heart beat rate to detect any of the abnormalities in
ECG. The accuracy and precision of this analysis is calculated
and shown. Thus, the proper utilization of MATLAB functions
and toolbox can lead us to work with the ECG signals processing
and analysis in real time and simulation done with good
accuracy and is convenient. Thus, the method serves as an easy
technique for studying cardiac abnormality.

Keywords—Arrhythmia,ECG analysis, R-R interval, QRS
pattern, de-noising,Filters,detrending,heart beat rate.

I INTRODUCTION

ECG is the most easily accessible bioelectric signal that
provides the doctors with accurate and reasonable
information regarding heart condition of the patient. Many of
the cardiac problems which persists are visible in the form of
distortions in the electrocardiogram (ECG). The major tasks
involved in diagnosing the heart condition is analysing each
heart beat and calculating the heart beat rate and co-relating
the distortions found therein with the various heart diseases.
ECG signal consists of some few main components such as
the segments, intervals, and waves which are studied and
evaluated based on the size, and duration time or interval.
The heart rhythm is determined by the detection and analysis
of these different components. The Abnormal rhythm of the
heart is called arrhythmia (or dysrhythmia) and is indicated
when above mentioned components vary with the expected
norm. Any deviation from the predefined pattern of the in
terms of amplitude or time duration indicates the abnormality
in functioning of the human heart.

The typical ECG signal consists of P, QRS, T, U components.
The QRS complex a vital role in identifying the problems that
occur with the functioning of heart. If any problems are
associated with the heart, then the QRS complex lengthens or
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widens or becomes shorter. The abnormalities in the rhythm
are mainly observed with the help of parameters QRS
duration, R-R interval and heart beat rate.
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Fig.1. Components of ECG signal

Il.  SYSTEM ARCHITECTURE
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Fig-2: Block Diagram for one data sample

|JERTV10IS110176 www.ijert.org 364
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 10 I'ssue 11, November-2021

Load all data Denoising Finding R peaks
samples » and their Locations
v
Finding person has Finding QRS QS Peak Detection
Normal or interval and RR [ a4 their Locations
abnormal heart interval

A,
Plotting Filtered
and QRS Peaks

Plotting direct
abdominal ECG of
the fetal

Fig-3: Block Diagram
Ill.  PROCESS INVOLVED

A. NOISE REDUCTION

Signal processing is a major challenge as the actual signal
value will be 0.5mV in an offset environment of 300mV. The
factors such as the AC power-supply interference, RF
interference from surgery equipment, and implanted devices
like pace makers and physiological monitoring systems can
also interference the noise to the ECG signal. So, it is
important to remove the noise from the ECG signal before it
is analysed and processed else may cause deviations from the
actual and correct readings. The main sources of noise are
listed below and are removed by using the following filters
mentioned.

o Baseline wander noise is removed using high pass FIR filter
with cut off frequency 150Hz and a low pass FIR filter with
cut off frequency 0.05Hz.

MATLAB syntax for designing the above high pass FIR
filter:
>> p=firl(Number_of_order,1/3600, high");

y =y + 25*filter(b,1,5*val);
MATLAB syntax for designing the above Low pass FIR
filter:
>> p=firl(Number_of_order,150/180);

y =y + filter(b,1,val);

e powerline noise is removed using 100 coefficient and 1000
coefficient band- stop FIR filter of cut off frequency
59.955-60.005Hz

MATLAB syntax for designing the above high pass FIR
filter:

>>y =y + filter(bandstop_100,1,val);

B.PARAMETERS USED AND ITS CALCULATION
The parameters used for the analysis of the Arrhythmia is the
QRS complex which is calculated with the help of QRS
duration, R-R interval and heart rate. The process to find its
calculation and location is described below.
Calculating R, Q, S peak and its location: The standard QRS
interval is considered as 0.094 and in order to access the
samples and round them to the nearest integer less than or
equal to that value.
MATLAB syntax:
>>Sample= floor ((Sampling frequency)*(Standard QRS
interval)/2)

QRS duration: The duration of QRS complex of ECG can be
calculated by dividing the number of samples between the
QRS complex and the sampling frequency of the signal. By
calculating the duration, we can know whether the signal is
abnormal or normal. As per the standards, the standard QRS
duration of a normal ECG signal ranges from 0.06 to 0.10
seconds.

R-R interval: This is the longest amplitude peak in ECG
signal. It is calculated by dividing the number of samples
between two R peaks and sampling frequency of the signal.
This plays a vital role in finding the abnormalities of a signal.

For calculating the region of R-R and QRS, for loop of length
with range from 1 till the length of the R-1 and the difference
of the consecutive samples is the R-R interval are used.
>>R-R region (k)=R location(k+1)-R location(k)

>>QRS region (k)=S location-Q location

For calculating the R-R and QRS intervals, mean of the
normalized locations of R and Q-S are used.

>>R-R interval=mean(R-R region/Sampling frequency)
>>QRS interval=mean(R-R region/Sampling frequency)

Calculation of Normal and Abnormal Heart beat rates:

Heart beat rate= (1/60)*R-R interval

Normal Heart beat rate= Heartbeat of patient whose actual is 1
Abnormal Heart beat rate=Heartbeat of patient whose actual is 0
Mean Normal Heart beat rate= Mean(Heartbeat of patient whose
actual is 1)

Mean Abnormal Heart beat rate= Mean(Heartbeat of patient
whose actual is 0)

Distance Normal=absolute(normal- mean normal heart beat)
Distance Abnormal=absolute(normal- mean Abnormal heart beat)

Criteria for normal and abnormal Heart beat rate:

1. 0.06<QRS interval<Standard QRS interval

2. Distance Normal<Distance Abnormal
Only if both the conditions are satisfied then we may say that
Heart beat rate of a patient is normal.

Command Window

Patient condition is ABNORMAL
Patient condition is ABNORMAL
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Patient condition is ABNORMAL
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Fig-4: Identification of Normal or Abnormal characteristics
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ormit of Arythmia in a patient.
® Parameters used
Signal RR interval Heartrate QRS duration Condition
(seconds) (beats/min) (seconds)
Normal 0.790 75.83 0.094 STANDARD
) Signal A 0.876 68.42 0.093 NORMAL
I Signal B | 0.910 65.82 0.087 NORMAL
¢ o0 1 0 90 0 1 0 0 0 1 1 1 1 1 1 Signal C 1.058 56.64 0.238 ABNORMAL
2 Signal D |  0.810 75.01 0.081 NORMAL
o Signal E | 0515 116.06 0.196 ABNORMAL
oo Signal F 0.79 76.91 0.082 NORMAL
Signal G 0.44 133.32 0.161 ABNORMAL
Table 1: ECG Signal Features and their Respective Values
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Calculation of Accuracy and Precision: f
14
Accuracy:
Difference=Actual-Result S
A=Y (difference=0 and actual=0) g
B=) (difference=0 and actual=1) g
C=) (difference~=0 and actual=1)
D=y (difference~=0 and actual=0) 1 il | (bl
Accuracy=((A+B)I(A+B+C+D)*100 A r,'.w.‘d:'.h'n L S
Precision=(B/B+C)*100 .h',r \ M l”f ‘h&‘“‘” i NP' it HM'M \Mu
Now a specific data which is 100m.mat along with its correspondir —,,*fus! |11ttty ."r I Hr

header file, ATR file and data file are loaded and is displayed.

Aeenracy = 0 05 1 15 2 25
Samples 10!
100 Fig-7: QRS peaks identification of 1 data sample
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Detection of QRS peaks of 100m.mat: 151
Sampling frequency=Ilength(value)/time

where value is the sample of a signal at a particular time E
instant. §
Then the base wander line noise and power line noise of the ?
data i
sample are removed as described in the above section. I | | I | ‘i i
(M "‘ \ Il H ’l II,[‘! il
Detrending of Noise removed data sample: 12 m JA“*' H:; ﬂﬂ«' "l'l 1 M .1" {,l,. l'l
Linear de trends are removed from the data sample. 1 .,Pl LA I B0 i 1 '{‘H
Detrended data sample=Noise removal data sample-Signal .
with trends e 0 1 15 2 25
The signal is now smoothened using sgolayfilt filter. Ko el
Detection of Arythmia: The sm.info and the sm.mat formats Fig-8: QRS peaks identification of 2™ data sample
of 4 signals are loaded. Now the ECG signal corresponding
to
the normal and abnormal behaviour we may detect the
presence
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Fig-9: QRS peaks identification of 3rd data sample Fig-12: 100.dat ECG signal
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Fig-10: QRS peaks identification of 4th data sample Sanples
Fig-13: Detrended 100.dat ECG signal
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Fig-11: QRS peaks identification of 5th data sample Fig-14: RS peaks identification of 100.dat signal
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Fig-15: Identification of the ECG of foetus in 4 abdomens

V. CONCLUSION

The Heart Arrhythmia detection is successfully done
considering all the factors. All the necessary parameters P,
QRS, T, U components are analysed and are used for
detection of any abnormalities in the heart.Most of the
cardiac problems persisting can thus be identified due to the
irregularities in the ECG of the person by not only calculating
the heart rate but also considering above parameters.The
conditons of normalECG signal are considered and
compared with the person’s ECG to check the person has
normal or abnormal or heart rate.This way the complete
analysis and detection of heart Arrhythmia is done easily
and efficiently.
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