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AbstractArtificial Neural Networks (ANN's)is active 

field in Artificial Intelligence(AI) of computer, which is 

used in classification and recognition of patterns. 

Electrocardiogram (ECG) ismedical recorded electrical 

signals that carry information about the electrical 

activity of  the human heart. These signals form is 

changing with the health states of the heart or it carries 

information about the health of the heart. The recorded 

signal is classified and diagnosis by human expert. His 

experience is used to explain the resulting recorded 

graphs . ANN has an ability to learn from the examples 

of the experience of the expert by training. This work is 

dealing with automation of ECG diagnosis using ANN 

that can does the task of human expert in this field. 
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1.  Introduction 

The procedure of analysis or measuring the signal of 

ECG is done manually by expert humans to diagnosis the 

status of cardiovascular health and determine the kind of 

disease if it  exists, which requires wide experience from 

experts because this work is very complicated to classify 

patients correctly. In this paper it  try to study and 

investigate the automation of this procedure by ANNs.  

The pattern of ECG differs with one patient to another 

according to the effect of his / her disease, the diagnosis 

of which is done by analysis or measuring the signal of 

ECG .This work needs an expert who can decide which 

heart disease it is which depends on the expert's 

experience.  

Classification is one of most crucial problems, which 

could be solved by ANNs. This study deals with 

classification problem of ECG waveform (signals) of 

different people.  

The main aim of this work in medical diagnosis is the 

automation of the ECG's signal classification and the 

diagnosis using the techniques of ANNs. This will lead, 

hopefully, to the reduction in time and effort required by 

human experts. 

2. The data 

3. ECG is well known in medical diagnosis 

processes[1], but it has taken a long time to become 

one of the methods that are used to diagnosis heart 

diseases.  

The data used in this work represents ECG signals, were 

collected from different sources, these are MIT-BIH 

Arrhythmia Database and UCI" Arrhythmia" data set.  

 MIT-BIH Arrhythmia Database [11] signal is 

processed with a designed algorithm called 

Average Signal to find the average signal that 

can be used for signal feature extraction.  

 UCI" Arrhythmia" dataset [12] is used for the 

second part of this work , this data are 

preprocessed by manipulating missing data and 

applying normalization algorithm to the data , 

then arranging the data in proper form for 

training and testing of ANN 

4. ResearchApproach  

Neural Networks can be used to classify by training a 

designed structure with examples of the type of expected 

data, and its classification as a target output. The 

designed structure will extract the information from the 

training examples by the training process , after the 

training process , the trained structure is able to 

distinguish among the different status; heart signals can 

be digitized and collected as numerical data that can be 

used as inputs to designed ANN structure .  
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To distinguish between the different signals of different 

heart patients, it requires collecting many data about 

many patients with classification data by the expert. Then 

after preprocessing tasks, a proper ANN designed to be 

trained using the collected data. After getting the 

designed structure trained then it will be tested with other 

data that are not included in the training process to be 

sure that the designed ANN structure is doing the 

required task as an expert work.  

First source of ECG records data can be considered as 

raw data while the second source of ECG data can be 

considered as processed data from the first one ,based on 

this consideration this work is completed following two 

tracks: 

First one, how to get the classified featured data 

(second one) from first type of data . 

The second, how to use the second data to identify the 

case of patient using neural network.  

A. Data Extraction  

The heart signal is a periodical signal that repeated based 

on affixed period . MIT-BIH is a recorded of this 

repeated signal as series , it supposes that the received 

heart signal has the form of MIT-BIH .  

It is needed to get the average signal from this series of 

signal .this averaged signal is the characteristics of the 

patient case and contains the information about him , 

these information can be extracted in different forms, one 

of them are the form of second source data type. To get 

this work have done the following steps need to be done 

in this order : 

 Taking and preparing a sample signal  

 Determination of signal period length and 

average signal, as shown (Figure 1). 

 Generalization the idea for different patients, as 

represented  in(Figure  2). 

 Extracting the feature from the average signal.  

 

The second type data source contains features 

used for classification process, this features are 

parameters of signal ,which referred to case of 

patient , so after getting average of signal from 

first type of data, these features must be 

extracted from it , these features of the second 

data types  are represented  the parameters of 

ECG such as :QRS duration ,PR ,QT ,T, P 

intervals  and others. 

 
Start  

Read signal record 

Determine proper sample length 

Cut sample of defined period length 

Peaks finding process 

Peaks location sorting and false 

peaks removing process
 

Average period determination process 

Computation of average 

ECG signal process 

End
  

Fig.1. Average Signal Algorithm 
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Fig.2. Generalizing the Idea for Different Patient 
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B. ECG feature set  

ECG signal contain same of features related to heart 

beats, which used in second data type , it can be extracted 

from average ECG signal, these features are classified 

into [4, 13]:(Figure 3)illustrated the Interval,  

amplitudeand angle ECG features set. 

(a) (b)

(c)

 

Fig.3.  ECG feature set (a ,b ,c ) 

(a)  Interval   (b) amplitude(c)  angle 

To get the ECG records, it is required to find the 

parameter and features as explained above ,it is also 

needed to perform some computation concerning to the 

other features such as: 

The  area is given by  

Area =
peak width*peak hieght 

2
                 (1) 

, 

QRSA =
sum of all area segments 

10
  (2) 

and  

 

QRSAT=QRSA+
width

2
∗

height  T 

10
                 (3) 

 

C. Using of the second type data to identify patient 

case with designed ANN  

The extracted data(signal) from raw data can produce 

feature signal which is like the second type of signal 

,these collected feature or attributes needs to be used as 

input to the designed system, to give the output which is 

the class of patient whose signal features are entering as 

input to a designed system .  

The second type of data is supposed that, it resulted from 

first type of data by the operations and process explained 

in the previous section of this paper . It contains about 

279 attributes of 452 pattern , after removing the 

personnel data the number of attributes becomes 275. 

This remains of data contains some missing values data 

and data which equal to zero for all patterns .This means 

that this type of data needs to preprocessed to get only 

the proper correct complete data to be used for training of 

designing ANN.  

(i) Preprocessing  

Preprocessingprocedure can be clarified processes as 

represented in (Figure 4). 

Raw  

data 

Prepared 

data 

Data preparation and 

normalization 

Remove missing 

Normalization of data 

Proper feature selection 

Data splitting into training 

and testing 

 

 

Fig.4.Preprocessing Procedure 

(ii) Input and output data structure 

Based on the structure of prepared data to the input of 

designed system can be represented as (256 inputs) × 

(452 patterns) ,which is final data after preprocessing of 

it , each pattern has 256 inputs and plus bias value. 

The output will be taking different forms according 

training process as follow: 

(1)×(452) for the case of decimal output . 

 (4)×(452) for the case of binary output .  

 (16)×(452) for the case of 16 bit output(one bit to 

represent each class . 

(iii) General ANN structure based on data structure  

Based on the data structure, general designed of classifier 

ANN  composed of two layer.  

First layer is input layer has number of inputs is 256  all 
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or part of it  as well as adding to it the bias value , and 

the outputs are according number of neurons for it .  

Second layer is output layer , which has number of inputs 

depends on neurons of first layer , and output of neurons 

of it, is 1or 4or 16, which represent output of system as 

class of patient case , this general structure is shown in 

(Figure 5).  

 

Fig. 5. General ANN Structure 

The input layer neurons are depends on training stage 

,and output layer neurons are, first is one neuron of 

decimal output , four neurons of binary output, and 16 

neurons of one for each class, this determine according 

training stage.  

It requires  to determine the acceptable error for training, 

the training rate, the type of activation function [6,7], and 

required amount of iteration; these parameters can be 

determined and fixed by experiments during training 

stage.  Based on the above analysis the general designed 

structure of the classifier can be explained as shown in 

(Figure 6).  
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Fig.6. ANN classifier 

5. Results 

A Scientific software known as a Matlab    was used 

for computing the averaged ECG signal, as well as  

was used for programming the training process of the 

designed ANN, testing it and then performing some 

experiments for improving the obtained results and 

testing the accuracy of these results. 

 Averaged ECG signal 

A designed algorithm named average signal algorithm 

doesthis procedure, the obtained averaged signal has a 

general features of ECG signal of the patient.( 

Figure7)show the strain pulses of normal case and 

(Figure 8) shows the  abnormal case with obtained 

average heart signal for different patient: 

 
Fig.7.Normal Case 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8.  Abnormal Case 

 

Results of ANN training and testing  

In this work was used with neural network with back 

propagation algorithm [10]for learning process ,which 

gives high percentage 96% for training process of 

classification , which can be in increased by training and 

selection of data type. After testing of ANN with 

different data given reasonable ratio of testing 66.67%, 
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generally testing of ANN performance gave accuracy 

were about 90%, the advantage of the ANN classifier is 

its simplicity and flexible. 

6. Conclusion 

In this work , the ECG signal data were collected from 

two different sites , the first site give a ECG signal that 

represents the ECG recorded of patient for healthy people 

and Non- healthy people of different heart disease .  Also 

In this paper , a method was developed to get the average 

pulse ECG signal of the patient which represents his/ her 

status and condition. A method was developed to process 

the signal to get features from the average ECG signal. 

That can be used for ANN training.  

A designed structure of ANN were trained and tested 

which can process the feature data of ECG and give the 

class of patient.  

This work shows that the idea followed in this research is 

correct and can be used to do the required task of expert 

that can recognizes different patterns of ECG signal 

,many points that need to be taken to consideration , is 

become clear in process of building such system. 

Generally, this works show the road to build a system 

based on ANN to diagnosis the cases of patient based of 

their ECG. 
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