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Abstract 
Human heart is one of the most crucial organ which supports the circulatory system of 
the human body throughout its life cycle. Keeping heart in the perfect working condition 
is the key to a balanced and a healthy life. But in the recent times Cardiovascular disease 
(CVD) is the single leading cause of global mortality and is projected to remain so. 
Cardiac arrhythmia is a very common type of CVD and may indicate an increased risk 
of stroke or sudden cardiac death[1]. The ECG is the most widely adopted clinical tool 
to diagnose and assess the risk of arrhythmia. ECGs measure and display the electrical 
activity of the heart from the body surface. This report presents a summary report about 
the recent advances in the methodology and technology in detection of Aortic valve 
diseases using Electro Cardio Graph. 
 

Introduction 
It is important to diagnose and treat diseases of the aortic valve. Untreated aortic valve 
disease can eventually result in heart failure, severe infection, and even sudden death[2]. 
Some patients present with severe symptoms, whereas others have few, if any 
symptoms. The aortic valve consists of 3 half-moon–shaped pocket-like flaps of 
delicate tissue, referred to as cusps. They connect the aorta with the left ventricle. 
 
Abnormalities of the cardiac valves can cause an obstruction to flow (valve stenosis), a 
leakage backward (valve regurgitation) or both. These abnormalities can usually be 
detected by Echocardiography, a non-invasive test that creates a sonar-like picture of 
the heart, is a common test used in patients with suspected or known aortic valve 
disease. Echocardiography can reliably confirm the presence and severity of the aortic 
valve disease, as well as determine the response of the left ventricle to the extra 
workload on the heart. In selected instances, exercise testing and cardiac catheterization 
may be required to provide further information about the valve disease[2]. 
Some of the major aortic abnormalities are: 
 
Aortic Stenosis: It is a term that refers to narrowing of the aortic valve opening during 
systole. 
 
Aortic Regurgitation: It occurs when there is a leakage of the valve backward into the 
left ventricle during diastole. 
 

Methodology 
 

Out of all the waves in an ECG signal, the QRS complex is the most characteristic wave 
set and represents depolarization of the ventricles. It is an established fact that QRS 
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detection is taken as the basis for identification and extraction of various parameters of 
ECG signal[3]. Almost all of the research papers follow a similar procedure for the 
process of detection of abnormalities in the heart using ECG. The process can be seen 
as: 

 
The above flow process are the principle steps which must be followed. 
 
Accusation of ECG signal: Getting the ECG signal forms the very first step. This is 
done using clinical equipment with the supervision of trained physicians. For training 
purposes previously collected datasets from certified organisations are used in many 
places. For instances, the PTB Diagnostic ECG Database from 
the ‘PhysioBank’ website has been used for one of the study[4].  
 
Pre- Processing: The noises act as hurdles during processing of ECG signal and thus 
for removal and rejection of such noise, pre-processing of ECG signal is an important 
task. Therefore, on a primary basis, filtering techniques are used for pre-processing of 
any signals and similarly for ECG signals. The only care for ECG signal should be taken 
that the real information should not be distorted[5]. 
Apart from normal filtering techniques many times IIR and FIR filters are used to 
extract the valuable ECG from noisy data. 
 
Feature Extraction: This is the most important step in the detection of abnormalities. 
The ECG wave is divided into various section where each section resembles a definite 
process or mechanism that the heart performs. These sections are namely P Q R S & T. 
The characteristics of each section is as below: 
 

Section Duration Description 
P wave <80m Depolarization of atria. 

PR Interval 120-200ms Reflects the time the electrical impulse takes. 
QRS 

QRS 
Complex 80-100ms Rapid Depolarization of the right and left ventricles. 

J Point - The point at which the QRS complex finishes and the 
ST segment starts. 

ST Segment - Represents the period when the ventricles are 
depolarized. 

T Wave 160ms Repolarization of the ventricles. It is upright in all 
leads except aVR and leads V1. 

U wave - Hypothesized to be caused by the repolarization of the 
interventricular septum. 

Accusation	of	
ECG	Signal Pre	Processing

PQRST	
Detection	or	
Feature	
Extraction

Detection	of	
Abnormalities	

and	
Classification
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In the papers referred Wavelet Transformation[3], [6] is one such technique used to 
extract feature form the ECG Signal. 
 
The Wavelet Transform is expressed as the time-integrated product of a signal with a 
set of analysing basis functions and the basis functions for the WT are dilated and 
shifted versions of a mother wavelet. The WT was implemented using digital filters. 
The general strategy used was to pass a sampled signal x(n) simultaneously through two 
specially designed filters, i.e. through both a low and a high-pass filter, followed by 
down sampling the output of the filter[3].  
 

 
 
 
 
 
Detection of Abnormalities and Classification: Each abnormality are attached with a 
specific characteristic. These characteristics will help us to determine the disease. Here 
for the detection of aortic diseases these are the characteristics: 
Aortic stenosis is distinguished by high frequency, amplitude murmurs during 
systole[7]. Whereas Aortic regurgitation is marked by High frequency diastolic murmur 
start immediately after S2[7]. For classification Machine Learning has been extensively 
used like Neural Networks, Regression, Support Vector Mechanism, etc.[1], [8] 

Figure	1:	Wavelet	transform-based	QRS	detection	steps.	
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Figure 2: Characteristics of an ECG signal 

Implementation 
The whole process starting from accusation of ECG signals to its classification is done 
with help of software and hardware which are compatible with each other. In some cases 
the whole process is implemented in a mobile platform with aim of making it a wearable 
product[1]. In others, it was implemented with focus towards its use in telemedicine[9], 
[10]. In these cases, after the whole process is completed the data is sent over to another 
place for the doctor to see and proceed with treatment. 
 

Result and Discussions 
The whole process of detection of Aortic Valve diseases are extremely beneficial for its 
early treatment. By applying various methods as discussed above these abnormalities 
have been successfully detected. In the coming times the accuracy and reliability of 
these methods will tend to increase at a significant rate with the integration of Artificial 
intelligence and IOT.  
 

Conclusion 
The WT detects QRS complexes with high sensitivity and eliminates baseline wander, 
artefacts and noise. This avoids the use of additional filters for noise reduction. The 
whole process uses exhaustive knowledge of Digital Signal Processing. DSP filters play 
a key role in pre-processing of the acquired ECG signal. After that DSP transformation 
techniques, such as wavelet transformation, Fourier transformation etc. are used for 
feature extraction. Energy spectrum analysis is also helpful for ECG smoothening and 
Peak detection. 
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