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Abstract— Computer aided automatic ECG signal processing has drawn significant attention of the researchers over the 
past decade or so. Identifying the features of ECG signals such as peaks, the intervals and the segment has been one of the 
major area of research in one dimensional ECG signal processing. An accurate and proper estimation and detection of this 
features can help in better diagnosis of heart related diseases such as arrhythmia and so on. Even though there have been 
several previous studies that have proposed different techniques for efficiently detecting ECG properties, very few works 
have suggested simultaneous feature extraction from all twelve lead of data and integrated this features into a decision 
making process . In this work we have proposed a novel ECG signal processing and feature estimation technique by 
combining time domain windowing technique with spatial velocity and FFT. First we filter the signals with rectangular 
window and separate out the improper frequency band .We follow it by a spatial velocity plus temporal domain filtering 
which provides the high peaks of the R-Peak locations based on this reference points we calculate the rest of the other peaks, 
their amplitude and onset and offset using time domain windowing technique. We further propose a novel T-wave alternan 
detection system by using FFT and temporal analysis system. We evaluate our technique using piezonets, normal sinus 
rhythm as well as T wave alternate public data base. Results shows that our system can detect the peaks with an accuracy of 
91.5333% and precision of 0.0546 recall of 1.2582. 
 
Keywords— T wave alternan, spatial velocity. 
 
I. INTRODUCTION 
 
1.1 Basics of Electrocardiogram (ECG) 
An ECG signal is acquired by a microcontroller 
device through Analog to Digital converter (ADC) by 
measuring the voltage at certain point of the body 
with referenced to a reference point. An ECG 
represents the functioning of the heart. An ECG 
signal may comprise of twelve different leads, out of 
them nine leads are actually calculated whereas three 
other leads at their end. The ECG leads are lead 1, 
lead 2, lead 3, AVR, AVL, AVF, V1, V2, V3, V4, V5 
and V6. An efficient disease diagnosis or arrhythmia 
diagnosis system based on ECG signal should base its 
calculation or should be formed based on the 
estimation of peaks and their position in all the 
twelve leads. 
 

 
Figure 1. Heart shows the generation of ECG 

Each of the lead represents different voltage with 
respect to the reference point, therefore represents a 
different cycle of the performance of the heart. 

 
Figure 2. leads 1,2,3 and aVR, aVL, aVF 
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Figure 3. Chest leads 

 
Figure 4. Waveform of Lead I-III, aVR, aVL, aVF and V1 to 

V6 
 
A typical ECG signal mainly comprises of P peak, Q 
peak, R peak, S peak and T peak. In many of the 
ECG signals a small T’ peak is observed, which is the 
secondary smaller peak which comes immediately 
after the main T peak. The difference between two 
subsequent R peak is known as R-R interval. The 
number of appearance of R peak in a one minute 
signal is also known as BPM or simply heart beat 
rate. The difference between the onset of P wave to 
the onset of T wave is known as P-T interval. The 
difference between the Q wave’s on set to the T 
wave’s onset is known as Q-T interval. The 
difference between the P wave’s on set to the R 
wave’s onset is known as P-R interval. The difference 
between the S peaks off set to the T peak’s on set is 
known as S-T segment. The difference between the Q 
peak’s off set to the T peak’s onset is known as Q-T 
segment. The time difference between the onset of Q 
peak till the offset of S peak is also known as Q-R-S 
complex. 

 

 
Figure 5. Typical ECG Signal and its important regions 

 
S-T segment is one of the most prominent analytical 
parameter for many of the heart diseases. Diseases 
like mild heart attack such as myocardia, Ischemia, 
bradycardia, tachycardia can all be detected by 
analysing the S-T segment elevation or depression or 
presence of a inverted T peak in the signal. Ideally in 
any ECG signal in all the leads the R peaks position 
should be same in the time. However due to 
acquisition error, low precision sensors being used in 
the data acquisition circuit and circuitry latency, the 
R peaks in all leads may not appear exactly on the 

same instance of the time, while the leads are been 
analysed simultaneously. Therefore it is important to 
write a technique that can take into consideration of 
this probability of R peaks being displaced over the 
times from one lead to another lead. 
In every ECG signal, the entire signals frequency and 
behaviour is characterised by Q-R-S component. 
Therefore the past literatures have focused 
extensively to detect the QRS complex in an ECG 
wave. It is being proved that once the QRS complex 
is effectively detected in an ECG signal, rest of the 
features can be easily calculated. 
A QRS complex is further characterised by the 
appearance of the R peak. Normally R peaks are the 
sharpest peak in a QRS complex. Even though in lead 
II, R peak is the highest peak in an ECG signal, this 
may not be the true in all the leads and for different 
types of ECG signal. There are many disease cases 
where the amplitude of the T peak is much larger than 
the amplitude of the R peak. However one of the 
common characteristics that separate the R peak from 
all other peak is that irrespective of the type of the 
disease or type of lead or the signal, R peak’s energy 
in fast frequency transform domain is always higher 
than rest of the other peaks. Therefore a R peak can 
be isolated from rest of the other signals by using 
either principle component analysis or by using fast 
Fourier transform or by using temporal frequency 
with spatial velocity. In this work we have proposed a 
spatial velocity and Fast Fourier Transform (FFT) 
based feature extraction technique. We have used past 
methods for detecting the QRS complex and then 
following it up by detection of the other waves. We 
first obtain the probable position of the R peak by 
calculating the spatial velocity through all the peaks 
and then calculating the maxima nearer to the spatial 
velocity. The detailed methodology is elaborated in 
the methodology section. 
Important Peaks 
1. The largest Peak is called 'R' Peak 
2. positive Peak before 'R' Peak is called 'P' Peak 
3. positive Peak after 'R' Peak is called 'T' Peak 
4. negative before 'R' is called 'Q' Peak 
5. negative Peak after 'R' is called 'S' Peak 
6. The line that separates positive and negative Peak 
is called Baseline starting of the Peak is called on set 
and end of the Peak is called off set. The difference 
between off set of one Peak to onset of another Peak 
is called a segment along with the Peaks following 
segments are very important 'TR' segment and 'ST' 
segment an interval the difference between one Peak 
on set to another Peak on set is called interval. 
Segments and Intervals 
 
ECG Signal produced two important intervals 
*PR interval and QT interval the difference between 
QS onset to ST offset is called as QRS 
Complex. 
* In all of these x-axis is Time and y-axis is Voltage. 
All segments or intervals of time 
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*The Maximum Voltage in a Peak (p,q,r,s,t) is called 
Amplitude. 
*The Point at which maximum amplitude appears is 
called Location. 
*The Difference Between two R Locations is called 
RR interval. 
*One RP appears per heart beat, the number of R 
appears in a minute is known as BPM (Beats per 
Minute) or heartbeat rate. 
 
II. BLOCK DIAGRAM 
 

 
 

III. RESULTS 
 

 
 

Accuracy, Precision and Recall table of the signals 
 

 

IV. SAMPLE SIMULATION USING MATLAB 
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CONCLUSION 
 
Automated ECG signal processing and efficient 
disease diagnosis can lead to a better health care 
index for countries like India. Many past works have 
suggested different techniques for ECG feature 
extraction and analysis for disease diagnosis. The 
preliminary drawback of referencing two data for the 
detection of rest of the peaks in the many past works 
have lead us to develop this unique technique of 
simultaneous feature extraction from all the 12 ECG 
leads. We have combined temporal domain 
techniques along with transform domain techniques 
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to develop an unique ECG feature extraction 
technique that can extract the features with an 
accuracy of 92%. We further used the features from 
this peaks to calculate to find out whether the signal 
has T wave alternan or not. Therefore we classify any 
given signal into either normal sinus rhythm or a 
signal having T wave alternan. This work can be 
further improved by incorporating the decision of 
many other diseases from the extracted features. This 
can be achieved either via writing fuzzy wave set or 
by training machine learning technique like neural 
network with the known disease data. Neural network 
based on its past learning of normal sinus rhythm and 
various diseases can classify any signal into 
appropriate disease type. 
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