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ABSTRACT 

For people, a sudden cardiac death is considered as one of the leading cause of death in the world, which is finally 

results in ventricular arrhythmia, it includes ventricular tachycardia (VT) or ventricular fibrillation (VF). Prediction of 

such disease is difficult task. Therefore, classification and prediction of ventricular arrhythmia is important in today’s 

life. The aim of the paper is to design a fully integrated electrocardiogram(ECG) signal processor for prediction of such 

cardiac ventricular arrhythmia using ECG features and machine learning language especially Navie  Bayes classifier is 

used for the classification and diagnosis of arrhythmia . In this work two main databases from MIT physionet and 

American Heart Association is considered for the validation of the proposed processor’s output.The architecture of ESP 

processor is to be implemented using CMOS technology and the performance analysis of the proposed processor like 

logic size ,area and power consumption is measured using Modelsim Xilinx ISE and the simulation result produce output 

of accuracy 83% in predicting the ventricular arrhythmia upto 3h before the onset 
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1.    INTRODUCTION 

    The heart is one of the vital organ of all parts of 

the body. The blood pumped by the heart provides 

the body with the oxygen and nutrients it needs to 

function. Normally, this pumping (heartbeat) is 

controlled by the hearts electrical system.  

Sometimes ,the heart failure may occurs because of 

coronary heart disease, which leads to arrhythmia[1] 

and it is said to be an abnormal heart rhythms 

originates in the bottom of the hearts ventricle .There 

are many  kinds of arrhythmias and  some are 

harmless to health but especially ventricular 

arrhythmia are more serious and life-threatening. If 

untreated ,it leads to death and it is found that more 

than 10 million of people in India suffer from this 

disease. 

 Arrhythmias can be of ventricular 

tachycardia(VT)or Ventricular Fibrillation(FB)[1]. 

Electrocardiography (ECG) is used to record the 

electrical activity of the heart for the diagnosis and 

study of various heart disorders. 

 

Figure1: general ECG cycle 

The Fig. 1 shows the general ECG waveform 

which includes P,Q,R,S,T. 

 The ECG of a patient provide two main kinds of 

information; one is the measuring of the time interval 

in the ECG for finding out the time period of the 

electrical signal passing through the heart, as a result 

the  irregular, slow or fast beat of the heart is 

computed. Second the total electrical activity that is 

passing through the heart muscle it helps out to 

determine the parts of heart that are excessively large 

or overburdened. And it determines whether his/her 
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heart beat is normal or belongs to the class of 

arrhythmia 

Long term ECG monitoring is found to be standard 

tool for the diagnosis and detection of ventricular 

arrhythmia by analyzing the patient’s heart function 

24 hours continuously. 

In previous work, they have attempted to detect the 

ventricular arrhythmia during the onset period  and it 

is not only enough to save the life of the people. 

The main contribution of the paper is to predict the 

ventricular arrhythmia rather than detecting it ,which 

would improve the quality of life of people .The 

remaining part of the paper is organized as follows: 

In Section II, the overview of the proposed system is 

presented. Section III presents the various stages of 

the proposed processor design. Section IV presents 

the performance evaluation of various stages. 

Finally, the conclusion is drawn in Section V. 

 

2. SYSTEM OVERVIEW 

 The proposed architecture is used to predict the 

ventricular arrhythmia before its onset period and 

alert the patient for immediate attention towards 

their health condition. The system  satisfy the 

requirement of low power consumption and low 

energy operation in order to have long battery life, 

which is essential for the wearable device. The 

architecture comprises of three main stages 

and are ECG preprocessing  ,feature extraction and 

classification and is shown in Fig.2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure2:Architecture of proposed system 

In the first stage ECG preprocessing comprises of three 

main blocks of operation and are filtering, which removes 

the noise from the ECG signal. The next block is QRS 

detection which detect the R peak wave and finally Tand 

P delineation where the P onset ,offset and similarly T 

onset and T offset are detected. In the second stage of 

ECG feature extraction seven features are extracted at 

various interval of time period and  is comprised into a 

unique set which is used as input for final stage. Naïve 

Bayes classifier algorithm is used at the final stage for 

classification of ECG signal to predict the ventricular 

arrhythmia disease. 

 

3.  ARCHITECTURE DESIGN 

The architecture of the proposed system includes the three 

modules and are controlled by FSM , which is used to 

provide control data over all the three stages. The ECG 

data used here are in digitized form which enhances the 

accuracy and reduces the error. 

3.1 ECG PreProcessing stage 

1)ECG Filtering:  
The ECG signal passes through the filtering stage which 

comprises of low pass and high pass filter in it and it is 

shown in Fig.3. 

 
Figure:3 Filtering stage 

 

The low pass filter consists of various blocks like delay, 

adder and right shifter . The input ECG signal passes 

through three delay circuit to get proper output frequency 

and right shifter shifts the frequency towards the output. 

The output signal is filtered one which attenuates the high 

frequency component and then it passes through the HPF, 

which increase the frequency to the required frequency 

needed for the next processing. In high pass filter Left 

shifter operation is carried out and HPF block consist of 

only one adder and delay circuit. The output produced is 

free from all noise that present in the analog ECG signal 

without loosing the information contained in it.  

2)QRS Detection:  

The QRS detection is carried out by using soft threshold 

algorithm[4] and the reason for using this is it improves 

the accuracy of QRS detection with low power 
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consumption and less area is used. The architecture of 

QRS detector is shown in Fig.4. 
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Figure 4:Soft threshold algorithm 

 

In order to remove the failure occurred in the QRS 

complex detection, the soft-threshold value is used. 

The minimum RR interval of 200 mS or less which 

is limited by the depolarization of atria and 

ventricles is selected, and hence soft threshold 

remove the error made by T point signal. When the 

comparator detects the QRS complex ,the output of 

the comparator goes to high, the threshold is changed 

to a higher value. The changed threshold is kept 

while 200 samples pass over the T point signal. If T-

wave comes after 200 mS, the detector may make a 

false detection. But with slow ECG signal, there was 

almost no detection error. 

3) Tand P wave delineation: 

 In this final stage of ECG preprocessing, T and P 

waves onset and offset period are detected with 

respect to R wave from QRS complex detection and 

is done by using adaptive search technique[2]. 

Adaptive threshold values are taken to accurately 

distinguish the T and P peak waves form noise 

sources. From the regions obtained, forward and 

backward search window for T and P wave are 

formed. Forward search window contain T wave and 

it can be extended to one third of the boundary of 

QRS. Similarly, backward search window contain P 

peak. The threshold value of the adaptive search 

window is changed for every 3s of the heart beat of 

the people and is calculated theoretically by, 

 

Twave=Tpeak  *t thresh  and Pwave = ppeak  *t thresh   

       Rpeak               Rpeak 

 

 

Figure : 6 T and P wave delineation 

3.2 ECG feature extraction 

Feature extraction starts from an initial set of 

measured data and builds derived values (features) 

intended to be informative and non-redundant, 

facilitating the subsequent learning and 

generalization steps. Feature extraction is related 

to reduction. Two main parameters like complexity 

and accuracy are satisfied by using statistical 

analysis techniques which is famous in decision 

making in biomedical research to choose the ECG 

features[3]. The features extracted include RR, PQ, 

QP, RT, TR, PS and SP and these are extracted from, 

two consecutive heart beats and is shown in Fig. 7. it 

included the mean error and standard deviation, the 

two-sided unpaired t-test , and the area under the 

receiver operator characteristic curve [6]. 

 

Figure7 : Feature extraction from  ECG signal 

3.3 Classification stage 

Classification is the final stage of the process and 

many machine learning language can be used to 

classify the ECG signal data’s, among them Naïve 

Byes classifier is used here because of its simplicity 

and produce accuracy in result compared to other 

methods.  

< 
 

Counter (200 

samples) 

Tpeak Ppeak 

https://en.wikipedia.org/wiki/Feature_(machine_learning)


  
 
 
 

 
 

85 R.Keerthana and Dr.C.N.Marimuthu 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 10 

October 2016       

 
 

Figure 7: Architecture of Naïve Bayes classifier 

 

The Fig. 7 shows the architecture of Naïve Bayes 

classifier ,which consists of training data and testing 

data as input ,where it compares the testing data with 

the training data  and as the result the arrhythmia 

disease presence is computed .It uses Bayes 

theorem[5] to find the probability of data . 

 

4.   PERFORMANCE RESULT 

 To verify the output of the proposed paper verilog 

simulation is carried out using Modelsim tool and in 

order to check the hardware design synopsis tool can 

be used . 

 The result shows the prediction of ventricular 

disease by comparing the ECG sample of patient 

with the database obtained from the pysionet [8]. 

The Fig. 8 shows the result at the end of 

classification stage which compare the input ECG 

sample with the database and produce the output 

waveform which predicts the disease before the 

onset period. 

 
Figure 8: Result of the proposed paper(at the end 

of classification stage) 

 The result of  first stage ie, preprocessing stage 

involves filtering which produce noise free  ecg 

sample to QRS detector which produce the output by 

calculating sensitivity and precision theoretically,  

 

           TP                and                   TP 

    SE   =             P =                          

  TP + FN                TP + FP 

 

Similarly, the mean error (μ) and the standard 

deviation (σ) 

of different points, including P peak, P offset, Q 

onset, R peak, S offset, T peak, and T offset, were 

calculated and hence the Verilog results of QRS 

detection and T and P wave delineation for different 

ECG samples show that the technique is highly 

accurate for advanced ECG feature extraction. 

The classification results, were obtained after 

simulating the ECG data in Modelsim. The 

classification accuracy is computed theoretically 

using this formula, and the prediction accuracy is 

found to be 83%. 

                     TP + TN 

  ACC    =   

                        TP + TN + FP + FN 

Where TP is True Positive ,TN is True Negative ,TP 

is True Positive, FP is False Positive, FN is False 

Negative. 

 

5.   CONCLUSION 

In this paper prediction of ventricular arrhythmia 

disease is carried out using naïve bayes machine 

learning algorithm e  is less and produces greater 

accuracy in prediction  of 85%. This proposed 

processor is capable of withstanding large battery 

life and hence it can be adopted as a wearable 

medical device which acts as a life safer of the 

persons suffering from heart failure and alert the 

patients about the ventricular arrhythmia before 3hr . 
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