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Abstract: This paper presents a novel approach for arrhythmia detection and clas-
sification using modified recurrent neural network. In medicine and analytics,
arrhythmia detections is a hot topic, specifically when it comes to cardiac identi-
fication. In the research methodology, there are 4 main steps. Acquisition and pre-
processing of data, electrocardiogram (ECG) feature extraction utilizing QRS
(Quick Response Systems) peak, and ECG signal classification using a Modified
Recurrent Neural Network (Modified RNN) for arrhythmia diagnosis. The
Massachusetts Institute of Technology-Beth Israel Hospital. (MIT-BIH) Arrhythmia
database was used, as well as the image accuracy. Medium filter is used in the pre-
processing. Feature extraction is done with morphological and dynamic features to
detect morphological arrthythmia the shape morphological properties of the ECG
signal. Dynamic arrhythmia could be diagnosed by having some feature of the
ECG signal such as amplitude and position of the QRS peak. Using the modified
pan Tompkins algorithm, arrhythmia was detected. Load the ECG signal after
getting QRS complex R and p peak of ECG signal detected. For the deep learning
classification modified RNN is used as a classifier. The modified RNN is trained
independently for each of the 17 classes using training and validation data, Data
from the validation phase is utilized to calculate network parameters tweaking.
The acquired results demonstrate the proposed method’s effectiveness. The overall
classification accuracy for 17 cardiac arrhythmias was 95.33%. For each 10 s ECG
data, the classification time was 0.015 s. The proposed technique is compared in
terms of accuracy to that of other existing techniques, revealing that the new
method outperforms them.

Keywords: Arrhythmia detection; ECG signal; deep learning; modified recurrent
neural network; pan Tompkins

1 Introduction

The most basic and extensively used way of identifying cardiac events is electrocardiography (ECG) (or
irregular heartbeat irregularities) since it is a non-invasive and painless examination [1] that can reveal
important information about cardiovascular health [2] and disease [3]. Arrhythmia of the heart is a
common symptom of high blood pressure. The latter is a major societal issue [4—6] because of 1) its
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rising prevalence, 2) related high death rate (17.3 million people die from heart disease each year, taking
account for 37 present of all deaths worldwide), and 3) the high costs of medical care (the disease’s
typical persistent training entail lengthy and often costly treatments) [7].

Traditional algorithms for automatic ECG diagnosis of heart arrthythmia employ the study of
morphological characteristics of a QRS complexes or pulses. So we look into a approach of detecting
heart disease based on duration, uninterrupted ECG readings, which we feel is successful than existing
methods. Our objective to lower the computation time of our created algorithms [8] is a key design
factor, as it will make it easier to deploy our suspension in mobile systems [9,10] and cloud technology
to watch clients’ status in real moment.

2 Related Work

The goal of ECG arrhythmia pattern recognition [11] is accomplished using traditional ECG signal
processing techniques as well as cutting-edge deep learning technologies. The expanding number of
publications in ECG-related issues reflects its potential and appeal for research [12]. Although the ECG
signal is straightforward to obtain, it provides a wealth of information that may be mined for
computational analysis. It achieved a test accuracy of roughly 92% [13]. Using a modified Pan-Tompkins
method and wavelet transform, we developed a robust QRS complex detection algorithm. A two-stage
feature extraction approach to extract features from ECG signals for distinct types of arrhythmias has
been developed as an efficient and effective strategy to identify heart disorders [14—16]. We used a
unique deep learning model for ECG beat categorization that had a sensitivity of 98.24% and positive
productivity of 99.93% [17]. On the overall dataset, the proposed Dynamic Neural Network (DNN)
obtains a decent Value that is less than 0.2 present lower than the best, namely Part, and less than
0.06 present lower on the testing set. Specificity (SP) 93.30%, Accuracy (Ac) 98.37%, Recall 48.29%.
Precision 43.91%, F Measure 45.31%, and Accuracy (Ac) 98.37% [18]. With an efficiency of 96.77, the
artificial neural network (ANN) was employed to classify the MIT Arrhythmia dataset of ECG into
regular and pathological [19-21].

The Modified RNN can be used to classify a variety of time-series data, and it has a wide range of
applications. Aspects of our research that are novel, A method based on the long-duration ECG signals
containing several heart evolutions has been developed.

+ A new deep learning algorithm based on an optimum Modified RNN structure [22].
+ It Recognizes 17 kinds of cardiac arrhythmia.

The structure of the journal is given by the following sections: arrhythmia detected using pan Tompkins
algorithm [23]. This also presents the Feature extraction using Morphological and dynamic features and
Modified RNN classified with 17 classes. Section 4 provides success metrics, and Section 5 clarifies the
understanding of the outcomes.

3 Proposed Method

Load ECG signal from the database. Then the loaded image is pre-processed using the median filter. In
the next step the arrhythmia is detected using QRS peak detection. A combination of the Q wave, R wave and
S wave, the “QRS complex” represents ventricular depolarization. The modified Pan Tompkins algorithm
detect the arrhythmia. For the extraction and evaluation of features the morphological and dynamic
features are used. Modified RNN have 17 classes. 3600 samples of long-duration raw ECG data were fed
into this network structure. Predictions of the classes to which the signals belong were presented at the
output of the classifier network. The ECG database, which has 1000 pieces, was used to assess the
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network’s overall performance. Results were obtained in experimental experiments utilizing 13-, 15-, and
17-classes on various situations and the proposed architecture is shown in Fig. 1.

2

g/
3.1 Data Acquisition

The Massachusetts Institute of Technology-Beth Isracl Hospital (MIT-BIH) Irregular heartbeat dataset
provided the ECG data for this study (MIT-BIH ECG database, 2017). The MIT-BIH Irregular Heartbeat
Resource is a web-based database with 4000 ECG heart-rate recordings. In the training phase, a total of
215 waveforms for training and 203 wavelengths for testing are created at the end of the data acquisition
phase and are ready for the next stage, data pre-processing.

\

Figure 1: Proposed architecture

3.2 Median Filter

Two median filters are used to filter the ECG signal initially. The first median filter has a width of 200 ms
and filters out the QRS complexes and P waves. P stands for “primary” because they are always the first to
arrive. The T wave on an electrocardiogram (ECG) represents typically ventricular repolarization. To remove
the T waves, the signal is subsequently passed through a second median filter with a width of 600 ms. A FIR
filter removes power line and other high frequency aberrations from the baseline corrected signal.

3.3 Modified Pan Tompkins Algorithm

Pan-Tompkins has been modified to help with arrhythmia diagnosis. R and P waves, the R-R interval,
and QRS breadth were all recorded after the QRS complex had been identified. R-R intervals can be used to
calculate heart rate, as well as time domain analysis. The improved arrhythmia detection system was given a
graphical user interface (GUI), which provides a user-friendly platform for viewing the ECG signal and its
associated features, as well as various problems in clients.

The ECG data contained threshold drift, electrode contact noise, electromagnetic interference, device
noise, and other sorts of noise. The signal is first processed through a band pass with a pass band range
of 5 to 15 Hz to mitigate for interference. The energy, breadth, and magnitude of the QRS complex must
be eliminated from the ECG signal to achieve dependable service, which can be approximated using
integration and the mechanism is shown in Fig. 2. Estimates could be used to identify various arrhythmias.
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Figure 2: Mechanism of data processing

3.3.1 QRS Detection

In inclusion to the QRS complex, P and T waves, and 60-Hz loud sounds from wired intervention, EMG
from strength, movement artefact from the terminal and skin functionality, and potentially other intrusion
from electro surgery devices in the operating theatre, the ECG waveform contains 60-Hz noise from
wired interference.

A cardio tachometer and an irregularity monitor, for example, both require reliable real-time QRS
identification. The QRS complex must be separated from other sound sources such as P and T waves in
order to retrieve the desired signal, this QRS detection is shown in Fig. 3.

Looking for maximum Phase estimation Stable phase
peak identification
QRS reconstruction QRS point detection

Figure 3: QRS detection

3.4 Feature Extraction

ECG signal is extracted during the feature extraction phase. The goal of extracting features and assessing
them is to establish which features are morphological and which are dynamic. Morphological Features refers
to determining the ECG signal’s volume, form, and organization, as well as calibration points such as peak
points, segments, and period lengths. RR interval characteristics, pulse rate, Heart Rate Variability (HRV),
and the R/P ratio are examples of dynamic features. Peaks, Waves, Valleys, Portions, Periods, Complex,
and Points are all part of an ECG signal.

I. The initial stage in classifying an ECG signal as regular or atypical is to detect these properties and
record the results in variables, followed by classification of the various anomalies.

II. Because R is the largest and clearest constituent in a Gain Power and Control ECG Signal, R peaks
identified threshold that was used to estimate amplitude and frequency, temporal positions, and lengths.

3.5 Modified Recurrent Neural Network

In the created Modified RNN model, the modified RNN concept is applied to a deep network with two
hidden layers and two contextual layers, which is shown in Fig. 4.
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Figure 4: Modified RNN architecture
N (M+ N) recurrent value matrix, accordingly. For j B, the net action of neuron j at time t is calculated by

net(r) = Z €4 Ugwij(t — Vpi(t — 1) (1)

Passing net j(t) through the nonlinear activation function f (.) yields the result of neuron j in the hidden
layer.

¥y = (netj(1)) )
At period interval, the total result of neuron k is calculated by

Net(t) =Y vkj(£)yi(t) 3)

Zk(t) = f (net k(1)) “

It’s worth noting that the outer input at period step has no effect on any neuron’s response till time t + 1.
The network’s overall dynamics are represented by the above set of equations. A simple example can be used
to show the training approach for RNNs. At every epoch, the entire input sequence is fed into the network,
and the results are calculated and the results to the target gene to produce an incorrect pattern. Fig. 5 illustrate
the Algorithm for modified recurrent neural network.

Input: original text x and its true label y, classifier f, step size «, radius ¢, attack
iteration I, maximum number of words allowed to change m.
Output: adversarial text x’

1: Initialize: X" — Randomstart, Miter < 0 .

2: for word z; in x do

3:  Compute Jy,, ., according Eq.5;

4: end for

5: Listorder < Sort(z1,z2,23, + ,Tn);

6: while f(x’) ==y do

7:  Select a word zx in Listorder
8 fori=1toIdo
9

: x*1 = Proj,, s(x' + maski(asgn(VxL(x',y))))
10:  end for
111 niter < Niter +1
12:  if njter > m then
13: Return None
14:  end if

15: end while
16: return x’

Figure 5: Algorithm for modified recurrent neural network
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Modified RNNs vary from feed-forward systems, in that they impact a specific sort of neural layer called
recurring levels, which enables the system to keep its state n the middle of uses. Let’s look at how modified
RNNs work once they’ve been adequately trained to achieve a better understanding of how they work. We
create a fresh example of our notion every time we want to analyse a data frame. The ECG database, which
has 1000 pieces, was used to assess the network’s overall performance. Results were obtained in
experimental experiments utilizing 13-, 15-, and 17-classes on various situations.

4 Simulation Results and Discussion

The study work employs four major steps to address the challenge of ECG pattern recognition and
categorization. Among the processes are signal data acquisition, ECG feature extraction, arrhythmia
detection, and ECG signal classification with a Modified RNN.

4.1 Data Acquisition

The MIT-BIH Arrhythmia database provided the ECG data (MIT-BIH ECG database, 2017). The MIT-
BIH Arrhythmia Database is a searchable online database that contains over 4000 long-term ECG Holder
recordings. Almost 60% of the recordings were made with the assistance of patients

4.2 Arrhythmia Detection

The median filter is used to pre-process data for arrhythmia identification. Following signal derivation,
the signal is filtered to highlight the QRS complex, then squared and averaged are remove high frequency
noise.

After creating an approximately pulse-shaped waveform at the signal’s output, an adaptive threshold
operation is used to determine QRS complex. At the position of the Master Veteran Index (MVI)
maxima, the waveform is first processed to produce a set of weighted unit samples. This is done in order
to pinpoint the location of the QRS complex in time. For the purpose of threshold the technique employs
two threshold values to analyse the amplitude of the MVI output: signal and noise. If a legal QRS
complex occurs within 200 ms of a previously identified one, it is impossible. Finally, if a QRS candidate
appears after the 200-ms refractory period but within 360 ms of the preceding QRS, the algorithm
assesses whether it is a real QRS complex of the following pulse or an excessively prominent T wave.
The mean slope of the waveform at that point is used to make this conclusion. If the slope is less than
half of the previous QRS complex, it is consistent with the slower changing behaviour of a T wave;
otherwise, it is QRS detection. The arrthythmia detection using modified pan Tompkins, which are shown
in Fig. 6

4.3 Feature Extraction

Each heartbeat’s track would be made up of many waves/peaks, segments, intervals, and joints. The
features of the ECG are listed in Tab. 1 along with their descriptions.

When processing ECG signals in the time domain, values across beat intervals and amplitudes are used.
The structure of the heart, differences in posture, age, size, relative body weight, chest arrangement, and a
variety of other factors all influence the ECG. Normal sinus rhythm refers to the shape of an ECG signal
in which the heart’s normal rhythm does not show any disease or condition Normal sinus rhythm (NSR).
Cardiac arrhythmia is described as a condition, disturbance, or irregularity that disrupts the myocardium’s
usual activation sequence is disrupted, resulting in an irregular heartbeat or abnormal cardiac rhythm,
which can cause lasting heart damage. Arrhythmia can occur in a healthy heart and have no
consequences, but it can also suggest a significant problem that can Due to a lack of blood flow to the
body, this might result in stroke or cardiovascular problems, scarring of heart muscle or structural
changes in the heart, or heart blockages or premature beats.
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Figure 6: Arrhythmia detection using modified pan tompkins
Table 1: ECG features and their description
ECG features Description
P wave Atrial depolarization is represented by P-Waves.
Q wave Any early downward deflection after the P wave is the usual Q wave, which
signals sepals depolarization.
R wave The R wave on the ECG usually shows early ventricular depolarization and is the
easiest waveform to recognize
S wave The S wave is the first negative deflection following the R wave, suggesting late
ventricular depolarization.
T wave Ventricular repolarization is represented by the T-wave.
U wave U waves are the last remnants of ventricular repolarization due to re-polarization
of the Purkinje fibers.
P-R segment OR Between the end of the P wave and the start of the QRS complex, the PR or PQ
PQ segment segment is a flat, usually isoelectric stretch. This segment indicates the time it
takes the impulse from the sinus node to reach the ventricles.
P-R interval OR This gap represents the time it takes for electrical activity to travel between the
PQ interval atria and ventricles.
R-R interval The RR-interval is the time between two QRS complexes, starting at the peak of

one R wave and ending at the peak of the following R wave.

(Continued)
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Table 1 (continued)

ECG features Description

P-P interval It denotes the length of the atrial cycle (atrial rate).

QRS complex The QRS Complex represents the depolarization of the ventricles.

QT interval It shows how long the ventricles take to depolarize and subsequently repolarize.

ST segment The ST segment is an isoelectric line that depicts the period between
depolarization and repolarization of the ventricles (i.e., contraction).

J-point The connection between the end of the QRS complex and the start of the ST
segment is known as the J point.

T-P interval On an electrocardiogram (ECG), the isoelectric interval is the TP section, which
reflects the time.

T-Q interval Through ECG, this is referred to as the cyclic gap.

Q-U interval The time between the beginning of the Q wave and the finish of the U wave in the

heart’s electrical phase is known as the QU interval.

4.4 Modified RNN Classifier Performance Measures

Modified RNN with 17 classes is used for categorization 3600 samples are employed in the proposed
approach. In this study, there are 17 classes of 700 training, 150 testing, and 150 validation samples. The
17 classes are Normal sinus rhythm, Atrial premature beat, Atrial flutter, Atrial fibrillation,
Supraventricular Tachyarrhythmia, Pre-excitation, Premature ventricular Contraction, Ventricular bigamy,
Ventricular triggering, Ventricular Tachycardia, Ventricular rhythm, Ventricular flutter, Fusion of
ventricular and normal beat, Left bundle branch block beat, Right bundle branch block beat, Second-
degree heart block, Pacemaker rhythm. In the developed neural network model, the modified-RNN
principle is used to a multi-layered structure perception with 2 different contextual layer and hidden
layers. To investigate the students’ categorization outputs, a confusion matrix is employed as another
assessment in the provided classification methods. These metrics, which are linked to true positive (TP),
true negative (TN), false positive (FP), and false negative (FN) rates, are precision (PRE), sensitivity
(SEN), specificity (SPE), and F1-score (FN). The evaluation of the confusion matrix for 17 classes of test
set are tabulated in Tab. 2.

Table 2: Evaluation of the confusion matrix for 17 classes of test set

1 34 1 0 O 0 0 1 0 0 O 0 0 0 0 0 0 0
2 1 10 0 O 0 0 1 0 0 O 0 0 0 0 0 0 0
3 0 0 4 0 0 0 O 0 0 O 0 0 0 0 0 0 0
4 0 0 1 17 0 0 O 0 0 O 0 0 0 0 0 0 0
5 0 1 0 0 1 0 0 0 0 O 0 0 0 0 0 0 0
6 0 0 0 0 0 2 0 0 0 O 0 0 0 0 0 0 0
7 0 0 0 0 0O 0 14 0 0 O 0 0 0 0 0 0 0
8 0 0 0 0 0 0 3 6 0 0 0 0 0 0 0 0 0

(Continued)
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Table 2 (continued)
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This feature distinguishes the M-RNN from other neural network approaches, which only have one
hidden layer.

A standard Receiver operating characteristic (ROC) graph for a prediction system illustrates the
sensitivity and specificity against the predicted values for each model, which is shown in Figs. 7a and 7b.
The best quality can be obtained at a high sensitivity of 0.6 to 0.7 for all cases where the trained classier
of the neural network has a specificity value of less than 0.1, as shown in the figures, suggesting that the
classier might be better used in cases where sensitivity is much more essential than specificity.

The false positive is more prominent than the false negative, and it has been predicted by the classier,
which is clearly explained in the above Figs. 8a and 8b. Because this finding is likely to be essential in most
practical situations, positive classes should pay closer attention to it.

The classification efficiency on the underlying data set as the classifier tends to predict positive for the
smaller values and mostly negative for the next half. The material varies because Logics Regression is being
used for classifying and Elastic Net is used for predictions or regressed.

Using logistic regression, a ROC curve with AUC=0.801 was created, which is well illustrated in
Fig. 9. When compared to the M-RNN ROC curve, which has an AUC of 0.872, the value for the logic
regression model is good. The M-RNN model is more stable and has a greater Area under Curve (AUC)
than the baseline ROC curve, which has an AUC of 0.5 and represents a random predictors ROC curve.
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Figure 7: Sensitivity and specificity against the predicated values (a) M-RNN (b) RNN
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Tab. 3 lists the several reported ECG diagnosis algorithms, their signal analysis methodologies, and the
best overall accuracies attained using the same database (MIT-BIH Arrhythmia). The new modified RNN
model is effective in classifying cardiac arrhythmias utilizing long-duration ECG signals. Tab. 3 shows
that we achieved the greatest accuracy of 91.33% for 17-class recognition that is comparable (91.40%) to
a more complicated ensemble of classifiers. Even for 17, 15, and 13-classes, our results are superior to
Plawiak’s previous work. The categorization of a single 10-s ECG signal segment took 0.015 s with
Modified RNN. This quick computation time bodes well for the suggested solution’s potential use in
telemedicine, mobile devices, or cloud computing for actual on going ECG data processing.

Table 3: Comparative performance based on MIT-BIH database

Work Year Length of No of Feature set Classifier Overall
signal classes AC
Zhang and 2014 227 samples 5 ECG-inter, and segment, Combined support  87%
Luo RR intervals vector machine
(SVM)
Lin and 2014 120 samples 5 Normal RR interval Weighted LD 93%
Yang
Park et al. 2008 180 samples HBS, HOS Hierarchical SVM 85%
Acharya 2017 360 samples Raw data Convolution neural  94.03%
et al. network (CNN)
Yildirim 2018 360 samples 5 Raw data DBLSTM 99.39%
Plawiak 2018 3600 samples 15 The amplitudes of the SVM classifier in 93.04%
17 ECG’s spectral analysis  a genetic ensemble ~ 91.40%
set of optimizations
Proposed 3600 samples 17 Rescaling raw data Modified RNN 91.33%
method

5 Conclusion

This research proposes and applies a novel ECG signal categorization with Modified RNN to the MIT-
BIH database. The updated RNN is used to develop a deep learning model for heartbeat sound classification.
To detect ECG arrhythmias automatically, A transportable need plenty ECG categorization system has been
developed. The weights and biases of the classification algorithm were optimized using a modified RNN.
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This change had a positive impact, since the search agents’ positions were updated with an additional best
answer. The overall classification accuracy of 17-classes cardiac arrhythmia was 95.33 present, for every 10-s
ECG data, the classification time was 0.015 s. This approach can also be used to the analysis of ECG data
from a larger number of leads in order to increase disease interpretation accuracy. In the future, improved
methodologies could be employed to train the M-RNN classifier, which could improve ECG classification
accuracy while also reducing training time.
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