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Abstract 

The main objective of this research is to compare two types of neural networks: the 

Radial Basis Function (RBF) network and the Multilayer Perceptron (MLP) network, 

to determine which provides better performance in classifying heart disease. The data 

were collected at the Surgical Specialty Hospital – Cardiac Center in Erbil City, 

comprising 196 observations recorded between January 1st, 2006, and April 30th, 2023. 

To evaluate model performance, the study employed common classification metrics, 

including Mean Square Error (MSE) and Mean Absolute Percentage Error (MAPE). 

Both neural network models were applied to the dataset. The RBF network 

demonstrated superior performance, achieving the lowest error values in both training 

and testing phases, while also requiring less training time. Therefore, the RBF network 

can be considered a reliable and highly effective method for classifying heart disease 

cases in Erbil City. 
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1. Introduction   
A multilayer perceptron network is a simple type of neural network that can classify linearly 
separable patterns. It consists of a single layer of weighted inputs and a binary output. It is the most 
complex type of neural network capable of learning to classify non-linearly separable patterns 
(Graupe, 2007; Nicolas, 1999). However, the use of the radial basis function is one of the most 
recent topics of our time. It is considered one of the best and most commonly used networks for 
data classification. It is a type of artificial neural network that serves as an activation function. The 
network's output is a linear combination of the input radial basis functions and neuron parameters. 
This network can be used for a variety of tasks, such as function approximation, time series 
forecasting, classification, and system control (Bergson,1996; Hao et al., 2014). It can be concluded 
that the RBF network is a popular alternative to the well-known multilayer perceptron (MLP) since 
it has a simpler structure and almost faster training process. 
 
2. Theoretical Part 
2.1 Definition of Heart Disease: It is a type of disease that affects the heart or blood vessels. The 
risk of certain heart diseases may be increased by smoking, high blood pressure, high cholesterol, 
an unhealthy diet, lack of exercise, and obesity (Adelson et al., 1962). There are four main types of 
heart disease: 
Coronary artery disease, also called coronary heart disease, is the most common type of heart 
disease. It develops when the arteries that supply blood to the heart become clogged with plaque. 
This causes them to harden and narrow. Plaque contains cholesterol and other substances.    
Stroke effects occur when the blood supply to the brain is disturbed. The brain needs a constant 
supply of oxygen and nutrients to function properly. The brain receives oxygen from the blood, so 
if blood flow is restricted or stopped, brain cells begin to die. This can lead to brain damage and 
possibly death. The main stroke symptoms can be remembered with the word FAST, which stands 
for: 
Face: The patient might have facial drooping on one side and be unable to smile, or their mouth or 
eye may appear drooped. 
Arms: A person with a suspected stroke may not be able to lift their arm and keep it raised due to 
weakness or numbness. 
Speech:  The person’s speech may be slurred, garbled, or they may be unable to speak at all despite 
appearing awake. 
Time: If any of these signs are present, it is crucial to seek emergency medical help immediately, 
as prompt treatment can reduce brain damage and improve outcomes. 
Peripheral Aterial Diseases is also known as peripheral vascular disease, occurs when there is a 
blockage in the arteries of the limbs (usually legs). The most common symptom of this disease is 
pain in the legs while walking. This is usually in one or both thighs, hips, or calves. 
Aortic disease: The aorta is the body's largest blood vessel. From the heart, it carries blood to the 
rest of the body. Aortic aneurysms, when the aorta's wall weakens and protrudes outward, the most 
prevalent form of aortic disease. Pain is typically felt in the back, chest, or abdomen (Adelson et 
al.,1962). 
 
2.2 Artificial Neural Network 
The Biological neural networks served as inspiration for artificial neural networks. The brain is 
composed of over 10 billion neurons with complex internal links, forming a large network of 
neurons that share some characteristics with other cells in the body. However, it is unique in its 
ability to receive and process the transmission of an electrical signal along the length of the nerve 
that makes up the brain's association system. The neuron is made up of components, including 
dendrites, which are structures through which the cell receives information from neighboring cells. 
The axon consists of impulses (Bora and Gabbouj, 1994). It is a singular nerve fiber that conveys a 
cell’s output to certain other cells’ nerve fibers.  
An artificial neural network is a type of artificial intelligence technique that was inspired by the 
learning algorithm of the human brain. An ANN is composed of a large number of processing 
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elements with their connections, and it has three distinctive layers, namely input, hidden, and output 
layers. Synapses are the points between nerve cells and cells where signals are exchanged. The basic 
form of input and output units is shown, as well as a technique for synthesis weights, where 
x1,x2,…,xn represented the input, w1,w2,…,wn represented the weights, the activation function is 
represented by f(zi)=xiwi, and yi represented the output (Gershenson,1998; Saalh et al, 2023). 
 

2.3 Radial Basis Function 
It is one of the most common of the best networks that can be used to classify the data. A radial 
basis function network is an artificial neural network that uses radial basis functions as activation 
functions. The output of the network is a linear combination of radial basis functions of the inputs 
and neuron parameters. Radial basis function networks have many uses, including function 
approximation, time series forecasting, classification, and system control (Bianchini and Scarselli, 
2014; Hagan and Beale,1996). 
 
2.3.1 Algorithm of Radial Basis Function: The Network Architecture typically has three layers: 
the first layer is the input layer, the second layer is the hidden layer, and the third layer is the output 
layer, which are a special category of feed-forward neural networks, as shown in Figure 1.        
 
 
 
 
 
 
 
 
 
                                                           
 

Figure 1. The Structure of Radial Basis Function (Hagan and Beale, 1996) 
2.3.2 Training of Network 
 net = in it RBF Network (in, out, hidden); 
find the vector data that produces the highest error 
i = find Max Network Error (data, net); / / i = index vectors 
add a layer of RBF neurons in the same place where 
the vector data add RBF Neuron (net, width, data (i)); 
data (i) = midpoint 
find the overall network error 
Net Error = train Output Weights (net, data); 
While (Net Error> Max Error) 
It must be trained in three stages: The first step is selecting the centers. They can be picked at 
random from the training data set or by applying techniques such as k-means clustering, which are 
employed as the centers for the RBF neurons, which is a widely used center selection method, 
grouping the input data into k clusters. The second step is selecting the spread parameters for each 
RBF neuron’s area of effect and determining the width of the network. The final step is training the 
output weights. A common approach for estimating the output layer weights is to minimize the error 
between the anticipated output and the actual target values (Dan, 2002; Hasan, 2022). 
Multilayer Perceptron Network 
A perceptron is a simple type of neural network that can learn to classify linearly separable patterns. 
It is a single-layer feedforward neural network, which means that information flows in one direction 
from the input layer to the output layer. We feed our input data into the input layer and get the 
results from the output layer. The neural network can learn to classify non-linearly separable 
patterns (Hao et al, 2014; Principe and Lefebvre, 2000). 
 

https://en.wikipedia.org/wiki/File:Rbf-network.svg
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2.4.1 Algorithm Multilayer Perceptron Network 
The neural network’s architecture refers to its structural design, which is comprised of three layers 
of units, as can be seen in Figure 2. 
Layer of input units 
The second layer is the hidden unit layer, which leads to the third layer. 
Layer of output (Gershenson, 1998; Graupe, 2007). 
 

 
  
Figure 2. The Structure of Multilayer Perceptron Network (Nitin, 2018) 
 
2.4.2 Training of Network 
Network Construct Network Layers (); 
Network weights   Initialize Weights (Network, Problem Size);  
For i = 1 to iterations max do 
Pattern I Select Input Pattern (Input Patterns); 
Output i Forward Propagate (Patterni, Network); 
Backward Propagate Error (Pattern I, Output i, Network); 
Update Weights (Pattern i, Output I, Network, learn rate); 
 
The first step is inputting the data set and initializing the width; the second step is selecting the 
spread parameters for each neuron’s area of effect and determining the width of the network. The 
final step is training the output weights. A commonly used method to estimate the output layer 
weights is to minimize the error between the anticipated output and the actual target values (Graupe, 
2007; Zurada and Cholew, 1994).  
 2.4.3 The Measurement   
The Mean Square Error (MSE) and Mean Absolute Percentage Error (MAPE) are used here as 
performance measures. They define it as:(Hagan and Beale, 1996; Nicolas, 1999). 
           MSE=1/n ∑_(i=1)^n▒〖(Xi-Fi)           (1)〗 
     Where Fi is the forecast at time t, Xi the actual observation at time (t) and n is the sample size 
(Hagan and Beale, 1996). 
   MAPE=1/n (∑_(i=1)^n▒|Xi-Fi| )/Fi           (2) 
3. Application Part  
In this part, actual data were used to classify the effects of heart disease in Erbil city. Ten variables 
(age, sex, chest pain, resting blood pressure, serum cholesterol, fasting blood sugar, resting 
electrocardiographic, maximum heart rate, exercise-induced angina, and old peak) are defined as 
x1, x2,..., x10. The computer programs SPSS (Version 28) and MATLAB (R2013a) were used for 
the analysis.  
3.1 Apply Radial Basis Function  
Figure 3 shows the structure of the RBF network. There are 196 data sets: 128 are selected as the 
training set, and 68 are used as the testing set. After normalizing the data using the Softmax 
activation function (Nicolas, 1999), the network has 9 input variables. There is one hidden layer 
containing 4 nodes, and the output depends on this single hidden layer. 
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Figure 3. Structure of RBF Network 

 
Table 1 below shows the percentage of training and testing of the Radial Basis Function Network, 
depending on the training percentage is 65.3% with the training value 128, and the testing 
percentage is 34.7% of 68 values.    

Sample Number Percent 

Training 128 65.3% 

Testing 68 34.7% 
Total 

196 100.0% 
Table 1.  Percentage of Training and Testing 

 
In Table 2 below, it can further be seen that the Mean Squares Error of training is equal to 0.191, 
the mean Percentage Error is equal to 0.126 for Radial Basis Function Network, and the time indices 
for the training nets are 00:00:00.160 sec, while the Mean Squares Error of testing is equal to 0.019, 
and the Absolut Percentage Error is equal to 0.081.   

Table 2. The Measurement of the RBF Network 
 

Model MSE MAPE 

Training 0.191 0.126 

Testing 0.019 0.081 

                                    
 
Table 3 below displays parameter estimates of the RBF Network, the center vector for each hidden 
unit, and the hidden layer. Further, Figure 4 below shows the Normal Distributed value Radial Basis 
Function Network. 
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 Table 3. Parameter Estimates of RBF Network 
Variable 

 

 

Hidden Layer Output Layer 

H(1) H(2) H(3) H(4) Exerciseinducedangin 

 

 

 

 

 

Input 
Layer 

Age .073 .220 .059 -.038  

Sex 1.000 -1.000 -1.000 1.000  

Chestpain -.742 -.778 -.159 -.319  

Blood pressure -.494 -.235 -.461 -.446  

Serumcholestoral -.265 .015 -.225 -.328  

Fasting -.903 -.333 -.786 -.891  

Electrocardiograp
hic 

-.581 -.778 -.429 -.370  

Maximum 
heartrate 

.403 .359 .481 .522  

Old peak -.208 .144 -.819 -.642  

Hidden Unit Width .586 .591 .548 .557  

 

Hidden 
Layer 

H(1)     .625 

H(2)     .337 

H(3)     -1.085 

H(4)     -1.072 

 
Figure 4. The Normal Distributed value of the RBF Network 

3.2 Multilayer Perceptron Network 
Figure 5, as displayed below, shows the MLP network structure using 124 data sets for the training 
set and 72 data sets which are used for the testing set. The network uses the hyperbolic tangent (Tan 
Function) activation function, which is very similar to the sigmoid/logistic activation function. The 
number of input variables is 9, and the network uses a single hidden layer containing 6 units, along 
with the output layer. 

  Figure 5. Structure of MLP Network 
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Figure 5. Structure of MLP Network 

 
Table 4 below shows that the percentage of training and testing of the Multilayer Perceptron 
Network, depending on training percentage, is 63.3%with the testing being 36.7%for the value 124 
to training and 72 to testing. 
 

Table 4. Percentage Training and Testing 
Sample Number Percent 

Training 124 63.3% 

Testing 72 36.7% 

Total 196 100.0% 

 
In Table 5 below, it can be seen that the Mean Squares Error of training is equal to 0.254735, Mean 
Absolute Percentage Error is equal to 0.193 of the Radial Basis Function Network, and time indices 
for the training nets models 00:00:00.280 sec, while the Mean Squares Error of testing is equal to 
0.10301, Mean Absolute Percentage Error is equal to 0.132.  
Table 5. The measurement of the MLP Network  

Model MSE MAPE 

Training 0.25473 0.193 

Testing 0.10301 0.132 

 
Table 6 below displays the parameters of the center vector for each hidden unit, input layer, and 
hidden bias of the RBF Network. 
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Table (6): Hidden Layer of MLP Network 
Variable Hidden Layer 1 Output Layer 

H(1:1) H(1:2) H(1:3) H(1:4) H(1:5 ) Exerciseinducedangin 

 

 

 

 

 

Input Layer 

(Bias) .015 -.133 .202 -.392 -.559  

Age .390 .010 .201 -.081 -.449  

Sex .304 .318 .394 .044 -.370  

Blood pressure .381 .055 .149 -.221 -.450  

Serumcholestoral .080 -.191 -.301 .414 -.126  

Fasting -.228 -.060 .005 .113 .008  

Electrocardiographic -.463 .092 .017 -.375 -.254  

Maximum 
heartrate 

-.458 -.378 -.413 -.209 -.354  

Old peak .424 .260 .070 .209 .272  

Chestpain -.235 .180 -.487 .114 -.392  

Hidden Layer 1 (Bias)      .156 

H(1:1)      .218 

H(1:2)      .195 

H(1:3)      .257 

H(1:4)      .397 

H(1:5)      .438 

  
Figure 6 below shows a plot of normally distributed values of the Multilayer Perceptron Network. 

 
  
        Figure 6. The Normal Distributed Value of the MLP Network 
4. Conclusion and Recommendations 
4.1 Conclusion 
The research concludes that the first neural network (RBF) is a popular type compared to the well-
known multilayer perceptron (MLP), as it has a simpler structure and a generally faster training 
process. It further shows that the structure and learning analysis of the RBF network, based on time, 
require less training time, making the network better than MLP networks for structural learning. To 
estimate the parameters using the RBF method in comparison with the other method, the results 
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with the lowest values are better, and the RBF includes four hidden layers, while the MLP includes 
five hidden layers. The radial basis function (RBF) network has the lowest values for both 
measurements, MSE and MAPE, in the training and testing of the network models. 
 
4.2 Recommendations 
Using the radial basis function (RBF) network and comparing it with other networks. 
Depending on the radial basis function model for learning, it needs less time to process. 
The radial basis function network is highly effective for forecasting in this research.  
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 براوردکردنی دوو شوازی تۆڕی دەماری بۆ پۆلنیکردنی کاریگری کانی نخۆشییکانی دڵ ل شاری ھولر 
 

 ساميه خالد حسن 
به شی ئامارو زانياری، كۆليژي بروەبردن وئابوورى،  

 .ھولر،ھرمی كوردستان، عيراق- زانكۆى سه لاحه ددين
saiya.hasan@su.edu.krd 

 
پوخت  

بنڕەتی کارکردی  تۆڕی  یکمیان   ،دەماریی تۆڕی  شوازی  دوو  نيوان  براوردکردنی   وەیژینتو ئم  سرەکی  و   Redial ئامانجی 
ن ڕگای بۆ پۆلنیکردنی نخۆشییکانی دڵ. داتاکان ل نخۆشخانی  دووەمیان تۆڕی پرسپترۆنی فرە چین، بۆ ئوەی بزانین کامیان باشتری

) کھاتبوو لوە. قةبارةى بزاردة پتر کۆکراونولشاری ھ ری دڵ لنتری سرگشتوان  ١٩٦پسپۆڕی نن ٢٠٠٦ی ريبةندان   ١) بزاردة ل 
ان بۆ پۆلنکردنی حات تووشبووەکان وەک ھی چوارگۆشی  . ھمان پوان بکارھنراوە بۆ ئنجامدانی داتاک٢٠٢٣ی جؤزةردان  ٣٠تا  

بنمای تیشکی (MAPE) و ھی ڕژەی سدی ڕەھای مامناوەند (MSE) مامناوەند ئالوودەبووندا، تۆڕی ئرکی   ل (RBF)  نزمترین
ل پوانکانی سرەوە بۆ مۆدلی تۆڕەکانی ڕاھنان و تاقیکردنوە و پویستی    یھاکانی ھداتاکانی ب متر بوو بۆ کۆمکی ککات ب

نخۆشییکانی دڵ شاری   کاریگرییکانی  پۆلنیکردنی   ل  یھ کاریگرییکی زۆری   ت چونکستبب تۆڕە  بو  دەتوانت پشت  ڕاھنان. 
 .ھولر

  پۆلنیکردن ،تۆڕی دەمار، ئرکی بنڕەتی دووبارە پیوەندیکردن، تۆڕی پيرسپترۆنی فرە چین وە ئ لگۆریتم :ییکان وش سرەک 
 

 
 
 
 
 

 مقارنة نوعین من الش�كات العصب�ة لتصن�ف تأثیرات أمراض القلب في مدینة أر�یل 
 

 سام�ة خالد حسن
والاقتصاد،جامعة صلاح قسم الاحصاء والمعلومات�ة،كل�ة الادارة  

 .أر�یل،أقل�م �وردستان، العراق-الدین 
saiya.hasan@su.edu.krd 

 
 المخلص 

المدرك وش�كة   (Redial Basic Function) الهدف الرئ�سي من هذا ال�حث هو مقارنة نوعین من الش�كات العصب�ة: ش�كة دالة الأساس الشعاع�ة
وذلك لتحدید أفضل طر�قة للتصن�ف أمراض القلب جُمعت الب�انات في مستشفى الجراحة   (Multilayer Perceptron Network) متعدد الط�قات

. في هذا ال�حث  2023أبر�ل  3  0إلى 2006ینایر    1مشاهدة، وذلك في الفترة من   196مر�ز القلب في مدینة أر�یل، و�حجم عینة    -التخصص�ة 
ة دالة  خدمت �عض مقا�س لتصن�ف الب�انات للحالات المصابین، مثل متوسط مر�ع الخطأ  المطلقة للخطأ ، والنس�ة المئو�ة للخطا المطلق تمتلك ش�كاست

أقل، �مكن  الأساس الشعاعي أقل ق�م للمق�اسین (متوسط مر�ع الخطأ ، متوسط النس�ة المئو�ة للخطا المطلق) في حالة التدر�ب وا�ضا �حتاج الى وقت 
 .اعتماد على هذه الش�كة لانها فعالة للتصن�ف حالات تاثیر أمراض القلب في مدینة أر�یل

 تصن�ف،الش�كة العصب�ة، ش�كة دالة الأساس الشعاعي ، وش�كة بیرسیبترون متعددة الط�قات والخوارزم�ات  الكلمات المفتاح�ة: 
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