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Abstract - Heart performance problems are always detected after analyzing the heart electrocardiogram (ECG) signal. In 
case of abnormal measures of the heart performance are diagnosed from the analysis, a prediction of any future 
complications is always needed to help doctors to follow up the case. This paper describes the application of machine 
learning techniques for the prediction of heart future complications. Four techniques are explained and their results are 
compared. These are: the Linear Prediction Method (LPM), the Grid Partitioning, Fuzzy c-mean based on Neuro-Fuzzy 
prediction and also GMDH-PNN. 
 
Index terms - Electrocardiograph (ECG), Heart Diseases Diagnosis, Linear Prediction Method, Grid Partitioning Method, 
Fuzzy c-mean (FCM), Neuro-Fuzzy (ANFIS) , Polynomial  Neural Network (PNN), GMDH. 

 
I. INTRODUCTION 
 
The aim of computerized and analyzing the ECG 
signal and extract the main features is the diagnosing 
process .These features are, the atrial depolarization 
(P), (PR), (QRS complex), (ST segment), the 
ventricular repolarization(T wave) and the ventricular 
activity repolarization and depolarization (QT 
segment) [1]. Figure (1) shows these values [1-4]. 
Mean values of these measures are compared to 
normal limits to detect and diagnose any 
corresponding heart diseases [5-9]. 

 
Figure 1 : The ECG signal and its features’ values 

 
In case of any abnormal values of these measures, 
machine learning prediction methods of the ECG 
signals play an important role in the follow up of 
heart diseases. Prediction of ECG based on machine 
learning is a challenging problem. Many researches 
have been proposed to study this problem. Online 
database such as MIT-BIH database is used to obtain 
the ECG signal [10].The obtained signal samples are 
analyzed and used to detect the heart performance 

measures. The main objective of analysis methods of 
ECG is to detect the features which help in heart 
diseases diagnosis system. The main features of ECG 
are: PR intervals, QRS intervals, Rate and RR 
intervals, QT intervals and ST intervals [11]. 
 
All these intervals are important in the diagnosis 
process. Each interval has limited values for normal 
persons [12] and if the values change, the person may 
then have any type of heart diseases based on the 
intervals. If abnormal features are found, a prediction 
algorithm is needed to estimate any future 
complications. A lot of methods have been proposed 
and applied to detect and diagnose heart diseases [12-
17].  
 
The remainder of this paper is organized as follows: 
Section (2) concerns with a background and a 
literature review of pervious work prediction 
techniques. Section (3) concerns with the main 
methodology and the main algorithm used in this 
paper. Section (4) discusses the results of the applied 
new technique and compare it with our previous work 
[11]. Section (5) presents a brief conclusion of our 
work and suggests some future work that can be 
accomplished. 
 
II. LITERATURE REVIEW 
 
Researchers try to classify ECG signals by using 
different methods of the classification and machine 
learning techniques. Prediction and classifications of 
heart features have been treated using many 
algorithms. The ECG signal has been studied based 
on neural network with time series according to the 
Linguistic fuzzy technique [8]. They also added new 
method with Linguistic IF-THEN rules and used 
pattern recognition as a classifier to recognize wave 
structures based on neural network in a given time 
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series .  Then they compared the results from neural 
network and fuzzy linguistic techniques and they 
proved that the linguistic fuzzy logic forecaster 
(LFLF) was better in a test of a particular prediction 
of characters. 
 
Some authors improved the classification techniques 
to increase the classification rate accuracy by 99.9% 
such as in [6]. Authors introduced a new 
classification algorithm based on fuzzy clustering 
methods and improved the performance by neural 
network to classify HRV and RR intervals of the 
ECG signal and they called this method  fuzzy 
clustering method neural network (FCMNN). 
 
The main target of the Artificial Neural Network 
(ANN) in classification of cardiac arrhythmia based 
on back propagation sensitivity, specificity, accuracy, 
mean square error, receiver operating characteristics 
(ROC) and area under curve (AUC) [18]. The 
accuracy of this method was achieved by 96.1% 
using the MIT-BIH database [10]. 
 
 In [19], authors proposed a linear prediction coding 
(LPC) as a features extraction method to help in 
improving the classification techniques. They 
extracted the features by Wavelet Packet 
Decomposition in 5 levels. They used LPC 
coefficients in the classification algorithm and 
classified the features using neural networks. We 
used LPC method in our work in [11] and we will 
compare it with our new technique (GMDH). 
 
In [18], authors proposed an ANFIS (Adaptive Neuro 
Fuzzy Inference System) to classify the ECG signal 
by extracting features using independent component 
analysis (ICA) and power spectrum and extracting 
RR intervals and QRS and classifying these features 
using the ANFIS methods. We also used this method 
in our work in [11] and we will compare it with our 
new method. 
 
III. METHODOLOGIES AND ALGORITHMS 
 
Here we discuss "Group method of data handling 
(GMDH)" based on polynomial neural network 
(PNN) [20-22]. 
Finally, we, also, will compare this method with the 
linear prediction coding (LPC), the Grid partitioning 
method (GPM) and Fuzzy c-mean Clustering based 
on Neuro-Fuzzy prediction method (FCM) from our 
pervious paper [11].   
 
3.1. GMDH Prediction Methods (Polynomial 
Neural Network) 
There are many types of ANN based on a 
mathematical classification equation such as PNN 
(Polynomial neural network) which will discussed in 
this section. On the other hand, ANN is used in 
classification in data mining and also to predict future 

data. GMDH is a multilayer network which used 
quadratic neurons offering an effective solution to 
modeling non-linear systems. 
 
The PNN is one of the most popular types of neural 
networks based on polynomial equation. It is used for 
classification and regression. It is more practical and 
accurate in prediction of behavior of the system 
model [21]. A class of polynomials (linear, modified 
quadratic, cubic, etc.) is utilized. We can obtain the 
best description of the class by choosing the most 
significant input variables and polynomial according 
to the number of nodes and layers [22]. 
 
Ivakhnenko used a polynomial (Ivakhnenko 
Polynomial) with the grouping method of data 
handling (GMDH) to obtain a more complex PNN. 
Layers connections were simplified and an automatic 
algorithms was developed to design and adjust the 
structure of GMDH as shown in Figure (2). 

 
Figure 1: The GMDH neuron inputs and output 

 
To obtain the characteristics nonlinear relationship 
between the inputs and outputs of the GMDH, 
structure, a multilayer network of second order 
polynomials is used.  Each quadratic neuron has two 
inputs (x1, x2) and the output calculated as described 
in equation (1) where Figure (2, 3) show the structure 
of GMDH-PNN.  
 

    
                                                                                  (1) 
Where  are weights of quadratic 
neuron to be learnt.The main equations for PNN 
structure which is the basic of GMDH-PNN are:  
 

                                  (2) 
Where     
The input and output relationship of PNN- structure 
of Figure (4) is:  
Y=F(                               (3)  
The estimated output is: 
 

                                                                                  (4)                             
The GMDH is found to give the best and a faster 
solution in prediction techniques .it practically helps 
to predict and classify data in very short time periods 
[21].    
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Figure 3: The GMDH network structure 

 
Figure 4 : The GMDH polynomial network structure 

 
The main steps to apply the GMDH-PNN algorithm 
for prediction based on polynomial equation (2): 
a) Determine the system input variables according to 
equation (2). 
b) Formulate the training and testing data according 
to equation (2), (3). 
c) Select GMDH as the structure of the PNN. 
d) Estimate the coefficients of the polynomial of 
nodes to estimate the error between  then:  

                                        (5) 

Where ntr is the number of training data subset, i is 
the node number, k is the data number, n is the 
number of the selected input variables, m is the 
maximum order and n0 is the number of estimated 
coefficients. 
By using the training data, the output is given by a 
linear equation as:                                                                      
                                                  (6) 

                               (7)                                    
Where  

 
 

 
, and after that, 

check the stopping criterion. 
e) Determine the new input variables for the next 
layer.  

In this paper, we apply the pervious equations and use 
GMDH-PNN to predict the next features of ECG 
based on the following algorithm: 
 
The algorithm of the GMDH-PNN method Start 
 
1) Input the present and history values of the features 
(QRS,PR,RR,QT,ST). 
2) For each feature do the following: 
Start a loop 
 
a) Apply “GMDH" MATLAB function and 
determine the parameter of GMDH function for the 
PNN as follows: 
1) Choose Maximum Number of Neurons in a 
Layer 
2)  Choose the Maximum Number of Layers. 
3) Select the  Pressure  
4) Choose the Train Ratio (vs. Validation 
Ratio) 
 
b) To train the GMDH structure use the first 70% of 
the end of data. 
3) Estimate the predicted value using the rest 30% of 
data or predict the next 15 second related to number 
of samples in the next 15 seconds. 
4) Calculate the actual next value. 
5) Compute the error as follows: 
 

Err =  

6) Calculate the accuracy = 100 – Err. 
7) Print the results. 
End Loop 
End 
 
IV. RESULTS 
 
For the case of obtaining the MIT-BIH database [10], 
we used 1000000 samples as an example, with a 
sampling rate of 250 samples per second. We divided 
the samples in groups, each of them corresponds to 
10 minutes, and then, we draw the beats and 
processed them in the first minute (15000 samples) of 
the period. The results are held on the screen for the 
remaining 9 minutes. This gives the doctors a chance 
to follow up the results and they can change the scale 
of the drawing to see them more clearly.  

 

Figure 5: Comparing the prediction methods of QT 
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Figure 6: Comparing the prediction methods of QRS 

 

 
Figure 7: Comparing the prediction methods of PR 

 

 
Figure 8: Comparing the prediction methods of RR 

 
Figure 9: Comparing the prediction methods of ST 

 
The results show that the measures of RR, QRS and 
PR are abnormal and this means we need to apply the 
prediction techniques to predict any future 
complications. The other two features ST and QT are 
also found abnormal which assures that the used data 
are taken from a patient.  
 
For the abnormal feature PR, we applied the 
prediction methods as shown in paper [11] and with 
the new method  
GMDH with keeping the following condition of 
dividing data:  

a) Training part which is 80% for the whole data. 
b) Testing part which is 20% for the whole data. 
 
As we explained before, now our system can predict 
data using four methods. Actually, the four methods 
gave good performance in prediction of future 
complications. In the following Figures (5-9), we 
compare between the four methods of predictions for 
each feature. We can conclude from the results that 
for a big change in the RR interval, the LPC 
prediction algorithm and GMDH are found to be the 
best accurate methods. Also, the GMDH and LPC 
methods are faster than the other methods. The LPC 
is more suitable in real time than the other methods 
because the other methods are iterative and this is 
time consuming. 

 
CONCLUSIONS AND FUTURE WORK 

 
This paper aimed to apply machine learning 
techniques to predict and estimate any future 
complications in the heart performance. The MIT 
BIH database is used to obtain the original data and 
analyzed to obtain the heart performance measures 
(QRS,RR,ST,QT,PR).  
 
These measures are used to detect and diagnose any 
heart diseases. For the abnormal measures, we 
applied and compared four prediction methods to 
estimate and future complications. These are: the 
Linear Prediction Coding (LPC), the Grid 
Partitioning, and Fuzzy c-mean Clustering based on 
Neuro-Fuzzy and GMDH methods.  
 
However, work in the field of computerized disease 
diagnosis in rapidly continuing. Also, mixing 
medication with diagnosis is taking wide and fast 
steps. We have the warm habit to continue more 
research in this field and here are some of the ideas 
for any future work.  
 
1. ECG, EEG and EMG dependency. 
2. ECG diagnosis and medication system. 
3. Improvement of the ECG machines related to 

machine learning methods. 
4. Hardware implementation of our work. 
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