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Abstract— Electrocardiogram (ECG) signal exhibits 

important distinctive feature for different cardiac issues. 

Automatic classification of electrocardiogram (ECG) signal can 

be used for primary detection of various heart conditions. 

Information about heart and ischemic changes of heart may be 

obtained from cleaned ECG signals. ECG signal has an 

important role in monitoring and diacritic of the heart patients. 

An accurate ECG classification is challenging problem. The 

accuracy often depends on proper selection of observing 

parameters as well as detection algorithms. Heart disorder means 

abnormal rhythm or abnormalities present in the heart. In this 

research work, we have developed a decision tree based 

algorithm to classify heart problems by utilizing the statistical 

signal characteristic (SSC) of an ECG signal. The proposed 

model has been tested with real ECG signal to successfully (60-

98%) detect normal, apnea and ventricular tachyarrhythmia 

condition. 
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I.  INTRODUCTION 

Electrocardiogram (ECG) is one of the important signal 
and diagnostic tools to observe heart conditions. It’s a 
technique to measure and records electrical activity of heart 
[1]. As ECG is a biomedical signal, it tends to be non-
stationary. Heart rate frequency is one of the monumental 
facts of our health and it can be detected from ECG signal. 
The analysis and classification of the ECG can be utilized in 
identifying the different types of heart abnormalities. ECG 
signal consist of P-QRS-T waves. If any deviation or disorder 
is found in these parameters, it indicates abnormalities present 
in heart and then it is called abnormal ecg signal [1]. 
Frequency of the ECG signal is in the range from .5 Hz to 100 
Hz. The amplitude and duration of this wave (PQRST) 
contains useful information about the nature of disease. In 
ECG signal, there are two phases present, one is repolarization 
and other is depolarization [2]. Time interval between onset of 
atrial depolarization and onset of ventricular depolarization is 
called PR interval. QRS complex is depolarization of ventricle 
[2]. QT interval is the interval between onset of ventricular 
depolarization and ending point of ventricular repolarization 
[2]. 

Time interval between two QRS complexes is called R-R 
interval. T wave is called as the ventricular repolarization [2]. 
Fig 1 shows ECG signal in one cycle with different segment 
and intervals. For a regular ECG signal this pattern is repeated 
for the life-time of human. 
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Fig. 1. ECG signal in one cycle 

II. LITARATURE REVIEW 

A number of methods have been implemented to classify 
the ECG signal. Artificial immune recognition system, neural 
network, fuzzy neural network, data mining, wavelet 
transform and many other techniques are developed for 
automatic detection and classification of heart disorder [3]. 
Wavelet transforms approach for feature extraction is a well-
known work for ECG signal classification. It extracts the 
feature from the ECG signal and recognizes the abnormalities 
of heart. Artificial immune recognition system is another 
technique that utilizes the well-known neural network (NN) 
architecture. Multi-layered perceptron (MLP) with back 
propagation training algorithm and a new fuzzy clustering NN 
architecture (FCNN) system was used for diagnosing the heart 
diseases [3]. Another technique was implemented which is 
known as fuzzy neural network. In this technique, 
multithreading approach was used for finding out of atrial 
fibrillation, arrhythmia and normal sinus rhythm [3]. In Asma Haque 
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summary, ECG classification systems comprises three 
sequential steps; Pre-processing of ECG signal, feature 
extraction and Classification. Accuracy of the classification 
often depends on the number and quality of the extracted 
distinctive features. Although few literatures achieved good 
results [4], the classification accuracy may be further 
improved by using statistically significant feature. In this 
paper, we developed a decision tree based algorithm by using 
Sstatistical Signal characterization (SSC) parameters. 

III. SSC PARAMETERS 

The ECG wave form is simply repetitive signal of same 
pattern. For the detection of heart activity, information is 
mainly extracted from the amplitude and time intervals of the 
signal. Hence, simple statistical parameters based on time and 
amplitude should be enough to distinguish the differences. 
Thus, statistical signal characterization (SSC) parameters [4] 
are very suitable for this purpose. Extraction of SSC 
parameters are relatively easier and requires less number of 
computations compared to other techniques [4]. Four SSC 
parameters are extracted from the ECG signal. By using SSC 
technique, a waveform is characterized not only as a function 
component of amplitude but also as a function of their relative 
time. But, compared to spectrogram, wavelet transform or 
Fourier transforms, it requires much less computation with 
less complexity [4].The SSC parameters are mean amplitude 
(Ma), amplitude deviation (Da), mean time (Mt) and time 
deviation (Dt).At first any given signal is divided into 
segments based on the extrema. The separation between a 
maxima and minima of the amplitude is regarded as segment 
as shown in figure 2. This waveform is mixing of several 
ranges of frequency components and exhibits a series of 
extrema over the interval. In this figure segment of the wave 
form is indicated by the figure’s boxed areas being bounded 
by consecutive extrema [4]. When the waveform crosses a 
zero-slope condition, we can declare it a segment boundary 
condition. The waveform figure 2 shows 10 segments. 

 

Fig. 2. ECG waveformSegmentation 

 

Fig. 3. Segment-boundary of amplitudes and times 

As shown in the figure 3, every segment is bounded by 
minima and maxima. The starting and ending amplitude and 
time of each segment is termed as a0-an and t0-tn. Then the 
amplitude (An) and time period (Tn) of n-th segment is 
calculated as per the equations (1) and (2). 

1 nnn aaA    …(1) 

1 nnn ttT    …(2) 

Where, 

An=Amplitude of n-th segment, 

Tn= period of n-th segment, 

an= amplitude of concluding extremum, 

tn= Time at the concluding extremum, 

an-1 = Amplitude of beginning extremum, 

tn-1= Time at the beginning extremum. 

Then the four SSC parameters may be calculated by the 
following equations (3) to (6). 

 







 



SN

i

i

S

a A
N

M
1

1
   …(3) 

 







 



SN

i

i

S

t T
N

M
1

1
   …(4) 

 







 



SN

i

ai

S

a MA
N

D
1

1
  …(5) 

 







 



SN

i

ti

S

t MT
N

D
1

1
  …(6) 

Where, 

Ma = amplitude mean;  

Mt= period mean; 

Da = amplitude mean deviation, or simply amplitude 

Deviation 

Dt = period mean deviation, or simply period deviation 

NS = number of samples 

IV. PROPOSED SYSTEM 

ECG signal has an important role in the clinical evaluation 
of cardiac treatment. It records different potentials of the heart 
[5]. Analysis and classification system of ECG signal provides 
us overall idea about cardiac disorder. In this work, ECG 
Signal has been classified through parameter extraction. 
Although ECG signal is supposed to be repeated after certain 
interval, in case of heart disorder the amplitude and time of 
different segment varies. Hence, it will be beneficial to divide 
the whole signal into few samples. From experiment, it was 
observed that, for acceptable results each segment should have 
at least 10 complete ECG cycles. 
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In the proposed method, we take same length of segments 
from raw ECG signal for processing. At first the signal is pre-
processed for removing of artifact and noises because ECG 
signal always contains various artifacts like power line 
interferences, contact noises, motion artifact, base line drift etc 
[6]. After pre-processing, actual method of feature extraction 
and classification has been accomplished. These extracted 
parameters are used as input to the already trained supervised 
network for classification. 

The system may classify different types of heart conditions 
present in the human heart. In this work different types of 
heart beats like Normal ECG signal, Ventricular 
Tachyarrhythmia, Apnea signal have been analyzed. These 
heart beats show different types of SSC characteristics and 
nonlinear behavior. The SSC parameters are very susceptible 
to noise hence a filter is used to denoise the signal. 
Butterworth filters provided relatively clean signals. 
Butterworth filters are having a property of maximally flat 
response and no ripples in the pass band comparing with 
chebyshev type I/type II filter or an elliptic filter.  

A Butterworth low pass filter is designed using 

[B, A] = butter (n, Wn) 

Where,  

n = order of the filter  

Wn = cut-off frequency (must be between 0 and 1) 

B (numerator) and A (denominator) are the filter 
coefficients of length n+1. 

 

Fig. 4. ECG signal filtering using Butterworth filter 

The system is already trained with known signals for all 
the heart conditions. Hence the extracted SSC parameters may 
be used classify the signal. This classification falls under the 
supervised learning algorithm and a decision tree is most 
suitable for the classification. Weka tool, j48 algorithm is used 
for data mining and classifying the signal. 

The flowchart of the proposed method is presented in 
figure 5. Here two process of training is classification is 
clearly explained. During the training the SSC parameters are 
extracted from the known ECG signals for different heart 
conditions. These SSC parameters are quite unique for 
different heart conditions. As a result, the j48 algorithm may 
construct a decision tree for the classification process. 
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Fig. 5. Typical Block diagram of complete process 

In case of classification, the ECG signal is first divided 
into few segments. These segments are then applied to the 
system for filtering and parameter extraction. Eventually the 
parameters are matched to the existing decision tree to find the 
appropriate heart conditions. As an ECG signal is divided into 
few segments and each segment is classified independently, 
finally the classification decision is made majority rule. The 
process of segmentation and final decisions are presented in 
figure 6.  
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Fig. 6. Classification results by segmentation 

V. RESULTS AND DISCUSSIONS 

For experiment we used the real-life data from BIO?? 
From this data we extracted four statistics signal 
characterization parameters.  
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Fig. 7. Typical ECG waveform 
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At first this coding is used for finding out the normal value 
of ECG signal. Seven thousand ECG cycles are taken as 
typical ecg signal. Fig 7 represents a snapshot of normal ecg 
signal and Fig 8 represents ECG waveform considered as one 
segment. 
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Fig. 8. ECG waveform of one segment 
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Fig. 9. Statistical parameters of 2 patients 

Fig 9 represents the value of mean amplitude, amplitude 
deviation, mean time and time deviation of normal ECG 
signals of 2 different persons. As the goal is to analyze the 
different types of heart beat to find out the abnormalities, the 
value of ventricular tachyarrhythmia are taken to analyze the 
data. Fifteen thousand samples are taken to analyze the data. 
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Fig. 10. ECG signal of Ventricular Tachyarrhythmia 

Figure 10 is a snapshot of the ECG signal with ventricular 
tachyarrhythmia. If we take one thousand samples, then we get 
Fig11 and it is clearly different than the normal ECG signal. 
Figure 12 represents the statistics value of ventricular 
tachycardia. The figure clearly shows remarkable difference in 
the Mt and Dt.  
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Fig. 11. ECG signal of Ventricular Tachyarrhythmia of one segment 

 

(a) Patient 1 

 

(b) Patient 2 

 

Fig. 12. SSC Parameters of Tachyarrhythmia of 2 patients 

Fig 13 and Fig 14 data and segment snapshot for sleeping 
apnea patient. In this case the variation is not visible in naked 
eyes. The signal looks similar as the normal ECG signal.  
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Fig. 13. ECG signal of Apnea 
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Fig. 14. ECG signal of Apnea in one sample 

(a) Patient 1 

 

(b) Patient 2 

 

Fig. 15. SSC Parameters of Apnea for 2 patients 

Figure 15, represents the SSC parameters of two patients 
with sleeping apnea. Here, we can see the distinctive pattern in 
the Da, Mt and Dt. Hence, we may conclude that the SSC 
parameters are enough to distinguish among these 3 heart 
conditions. This technique is repeated to multiple patients for 
classification results. Finally the classification may be 
performed by using the j48 decision tree. As the parameters 
are quite unique for different heart conditions, any decision 
tree should provide similar performance. 

A decision tree is a prediction tool and a data mining 
technique. Data mining process is used to extract information 
from a data set and convert it into an understandable model. 
All the branches between the internal nodes provide us the 
information about the possible values. Predicted attribute is 
called the dependent variable. Also there is independent 
variable in dataset. This independent variable helps in 
predicting the value of the dependent variable [7]. 

J48 decision tree classifier is the WEKA development 
based on simple algorithm of c4.5 developed by Ross Quinlan. 
At first we need to create a decision tree based which are 

available in training data set in order to classify a new item by 
using j48 algorithm [7]. In this technique a tree is constructed 
to model for the classification system [8]. J48 algorithm 
system gives higher classification accuracy. 

By checking the entire respective attribute data set and 
their values with those present in the decision tree model, we 
can predict the target value of these new instances [8-9]. 

By using weka tool and j48 algorithm with SSC 
parameters we get decision tree shown in fig 16. From this 
visualization tree we can predict the heart condition 
automatically. When mean amplitude is greater than 1.7929 it 
detects as a tachyarrhythmia condition.  When mean amplitude 
is less than or equal to 1.7929, then it creates another two 
branches of time deviation. If the value of Dt is greater than 
0.124 than it detects the normal ecg signal and if less than or 
equal to 0.124 it again create two branches of time deviation. 
If the value of Dt is greater than 0.0025 than it is apnea signal 
otherwise it is normal ECG signal. 

 

Fig. 16. Generated decision tree 

Figure 17 shows the classification results achieved for 
three heart conditions. We used the proposed method for 100 
samples and observed the results shown. The system can 
classify the normal ECG and ventricular tachyarrhythmia with 
high accuracy. In case of sleep apnea the parameter values are 
quite similar with the normal ecg signal. Hence 40% of the 
samples are classified as normal. 

 

Fig. 17. Comparisons of ECG signal with its classification instances 
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VI. CONCLUSIONS 

Electrocardiogram (ECG) analysis is one of the most 
common clinical cardiac examinations and it is a useful 
detection tool for several cardiac abnormalities. In previous so 
many researcher works on statistical signal characterization to 
analyses ECG signal. But in this thesis statistical signal is used 
to develop a decision tree based algorithm which is really a 
new technique of automatic classification of ECG signal. In 
this work, the proposed method aims to analyze and classify 
the ECG signal and detect the heart conditions. We found 
normal ecg signals are 90% correctly classified and for 
ventricular tachyarrhythmia the rate is almost 98%.  Apnea 
signals are almost correctly classified 60%. As the parameters 
value of Apnea and normal ECG are quite close 40% of Apnea 
signals are classified as normal. This work may provide very 
good initial results for the SSC parameters that will help 
increasing the accuracy of classification algorithms. In future 
ECG signal classification accuracy can be increased by 
incorporating additional statistical parameters. 
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