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ABSTRACT 

Heart diagnosis is not always possible at every medical center, especially in the rural areas where less support and care, 
due to lack of advanced heart diagnosis equipment. Also, physician intuition and experience are not always sufficient to 
achieve high quality medical procedures results. Therefore, medical errors and undesirable results are reasons for a need 
for unconventional computer-based diagnosis systems, which in turns reduce medical fatal errors, increasing the patient 
safety and save lives. The proposed solution, which is based on an Artificial Neural Networks (ANNs), provides a deci-
sion support system to identify three main heart diseases: mitral stenosis, aortic stenosis and ventricular septal defect. 
Furthermore, the system deals with an encouraging opportunity to develop an operational screening and testing device 
for heart disease diagnosis and can deliver great assistance for clinicians to make advanced heart diagnosis. Using real 
medical data, series of experiments have been conducted to examine the performance and accuracy of the proposed so-
lution. Compared results revealed that the system performance and accuracy are acceptable, with a heart diseases classi-
fication accuracy of 92%. 
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1. Introduction 

Human heart can be described as a compound body or- 
gan contains muscles together with biological nerves. 
Human heart pumps nearly 5l of blood in the body pro- 
viding the human body with renewed materials [1]. 
Medical research literature shows that there is much in- 
terest from the scientific researchers in implementing the 
human intelligence, including ANNs, in medical devices. 
The human heart operation is composite and any failure 
is risky to human lives. Hence, heart diagnose systems 
have been a main concern to the scientific researchers in 
the last decades [2]. It is not possible to use linear sys- 
tems to perform the heart diagnosis. Neural Networks are 
a non-linear behavior structure and have been proven to 
be effective in the diagnosis systems [3]. 

Advanced heart diagnosis equipment is not always 
available in every medical center, especially in the rural 
areas where less support and care. Moreover, it is not 
possible for many people to travel to regional medical 
centers where high quality hospital services are afford- 
able. Physician intuition and experience are not always 
enough to attain high quality medical results. Conse-  

quently, medical errors and undesirable results are rea- 
sons for a need for a state-of-the-art computer-based di- 
agnosis systems, which in turns reduce medical fatal er- 
rors, increase patient safety and save lives [4,5]. Addi- 
tionally, intuition and experience are frequently used by 
physicians to reach the medical verdicts instead of know- 
ledge base. Consequently, unsolicited preconceptions and 
excessive medical cost are produced which may portend 
the patients’ lives [6,7]. 

In this paper, it is proposed to build an ANN-based 
decision support system for heart diseases diagnosis. The 
system comprises two main components: a software part 
and a hardware part, which consists of a simple elec- 
tronic stethoscope with a matching impedance electronic 
circuit. It is expected that the proposed system would 
benefit medical physicians to diagnose heart sound sig- 
nals and checking the up-normality. Also, it is antici- 
pated that the proposed system would provide innovative 
diagnostic tool to classify the heart diseases: mitral 
stenosis (MS), aortic stenosis (AS) and ventricular septal 
defect (ASD). Also, the system would offer a promising 
opportunity to develop an operational screening and 
testing device for heart disease diagnosis. The perform-  
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ance, classification accuracy and effectiveness of the 
proposed NN-based decision support system have been 
examined. Series of experiments were carried out using 
real medical data from the Royal Medical Services. The 
testing experiments have been conducted to provide a 
clear comparison between the proposed system and other 
systems and techniques. Performance evaluation process 
has been conducted to reveal the best value of heart dis- 
eases classification accuracy. 

2. Literature Survey 

Generally, ANNs have been used in many areas of medi- 
cine, such as cardiology [8], Electroencephalography [9], 
Pulmonology [10], Genetics [11], Clinical chemistry, 
Pathology, Ophthalmology, Obstetrics and Gynecology 
[12]. Further, considerable research has been conducted 
on heart diagnosis systems [13,14]. However, most of 
these studies deal with only one specific disease area, 
dedicated to valvular diseases. The following provides an 
overview of related studies: 
 Y. Hongmei, et al. present “A multilayer percep- 

tron-based medical decision support system for heart 
disease diagnosis” study. The study deals with iden- 
tifying 5 heart diseases based on heart auscultation: 
hypertension, coronary heart disease, rheumatic val- 
vular heart disease, chronic cor pulmonale, and con- 
genital heart disease [15,16]. 

 S. Soumya, presents “System for Diagnosing Valvu- 
lar Heart Disease using Heart Sounds” study. The 
study deals with a diagnosis scheme based on heart 
auscultation for aortic regurgitation, aortic stenosis, 
mitral regurgitation and mitral stenosis [17,18]. 

 M. Zamri, et al. present “Wavelet Analysis and Clas- 
sification of Mitral Regurgitation and Normal Heart 
Sounds” study. The study deals with mitral regurgita- 
tion diagnose based on ANNs [19]. 

 I. Turkoglu and A. Arslan, present “An Intelligent 
Pattern Recognition System Based on Neural Net- 
work and Wavelet Decomposition for interpretation 
of heart sounds” study. The study deals with aortic 
stenosis, mitral regurgitation, atrial septal defect mi- 
tral stenosis and aortic regurgitation disease diagnosis 
[20]. 

 Other related studies can be seen in [21-23]. 

3. Methods and Materials 

3.1. Artificial Neural Network 

Due to high assets of the human brain NN, scientists try 
to relate the principal of synaptic approaches to computer 
science and its applications. Thus, they the principal of 
ANN is introduced. The elementary computational ele- 
ment (model neuron) is often called a node or unit (Fig- 
ure 1). It accepts input from other or from an external  

 

Figure 1. ANN basic building layout. 
 
source. Each input has an associated weight w, which can 
be reformed, so as to model synaptic education [23]. The 
unit computes some function f of the weighted sum of its 
inputs (Equation (1)): 

    i j ijY f w y  j                (1) 

where 
 The weighted sum Σj wij yj is called the net input to 

unit i, often written neti.  
 Note that wij refers to the weight from unit j to unit i 

(not the other way around).  
 The function f is the unit’s activation function. In the 

simplest case, f is the identity function, and the unit’s 
output is just its net input. This is called a linear unit 
[23]. 

3.2. Back Propagation 

Back-propagation was formed by specifying the Wid- 
row-Hoff learning rule to multiple-layer networks and 
nonlinear differentiable transfer functions. Input vectors 
and the corresponding target vectors are used to train a 
network until it can be able to rough a function, associate 
input vectors with specific output vectors, or classify 
input vectors in an appropriate way as defined by the 
user. Networks with biases, a sigmoid layer, and a linear 
output layer are capable of approximating any function 
with a finite number of discontinuities. Appropriately, 
trained back propagation networks have a tendency to 
provide reasonable answers when presented with inputs 
that they have never seen. Naturally, a new input leads to 
an output similar to the correct output for input vectors 
used in training that are similar to the new input being 
presented. This generalization property makes it possible 
to train a network on a representative set of input/target 
pairs and get upright results without training the network 
on all possible input/output pairs. There are two features 
of the Neural Network Matlab Toolbox that are designed 
to improve network generalization: regularization and 
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early stopping [23]. 

3.3. NN Applications in Medicine 

NN have been used progressively in the field of medicine. 
They are predominantly well suitable to problems with a 
high degree of difficulty for which there is no algorith- 
mic solution or the solution is too complex for traditional 
techniques to be determined. Successful implementation 
of this technology in medical areas can be seen in drug 
development, patient diagnosis, and image analysis. Two 
major keystones are: the detection of coronary artery 
disease and the processing of Electroencephalography 
signals. The following are common application in which 
NNs are used: cardiology, analysis of electroencephalo- 
graphy, pulmonology, genetics, clinical chemistry, Pa- 
thology, ophthalmology and obstetrics, gynecology. 

3.4. Proposed System Structure 

The proposed ANN-based decision support system is 
composed of two parts: hardware and software. The 
hardware is constructed to represent the pattern recogni- 
tion sensor to collect heart sounds. It comprises of stetho- 
scope, microphone and sound cable (Figure 2). Since the 
collected sound by stethoscope is low amplitude level, a 
microphone capsule is inserted between the stethoscope 
and the PCI sound card interface to amplify the sound 
waves fed by the stethoscope. The GUI software part is 
implemented using Matlab and ANN toolbox. The soft- 
ware has been built by Matlab. Matlab includes different 
Toolboxes. Neural networks toolbox is used to build the 
presented intelligent information system to diagnose 
heart diseases. 

3.4.1. Data Assembly 
The testing data have been collected based on two dif- 
ferent sources. The first source is provided by the Jorda- 
nian Royal medical services. While the second source is 
the recorded samples directly provided from the patient 
tested on the proposed system. 
 

 

Figure 2. The Hardware design of the system. 

3.4.2. Extracting the Signal Features 
The Matlab Fast Fourier transform (FFT) is a mathemati- 
cal technique used for transforming a function in time 
domain into a function of frequency domain. FFT is use- 
ful for analysis of time-dependent phenomena. There- 
fore, it is important to assess the frequency distribution 
of the power in heart sound signal in alike way to the 
human ear which workouts that capacity in the hearing 
process. Accordingly, useful information is booked by 
separating the first part of the spectrum. FFT is used to 
extract the main sound features. FFT assumptions em- 
ployed in the proposed system are shown below. The 
Matlab procedure which has been employed in this proc- 
ess is shown in Figure 3. Two different sources of the 
heart signals are used: a collection of a recorded set of 
sound signals and stethoscope signals. Each recoded ana- 
log signals is passed to the FFT to produce the heart sig- 
nal in frequency domain (Figure 4-7). Similarly, the sig- 
nal produced from the stethoscope is passed to the FFT 
to produce the heart signal in frequency domain (Figures 
8 and 9). 
 The sample frequency was set to 8000 Hz. 
 Perform FFT on the wave file (100,000 samples are 

taken). 
 Taking the absolute value of the important (beginning 

5000) part of data in the new matrix. 
 Split the FFT matrix into 50 bins and get the average 

of each. 
 Standardize the return value by dividing the matrix by 

its sum. 
 

function [p]=soundSig(filename) 
in=wavread(filename); 
f=fft(in,100000); 
q=f.*conj(f); 
q=abs(q(1:5000)); 
for i=1:50 
t=(i−1)*100+1; 
p(i)=sum(q(t:t+99)); 
end 
p=p/sum(p); 

Figure 3. The Matlab procedure employed to extract the 
FFT features. 
 

 

Figure 4. Analog signal for a normal heart (recorded sam- 
ple). 
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Figure 5. FFT signal for a normal heart (recorded sample). 
 

 

Figure 6. Analog signal for an up normal heart (recorded 
sample). 
 

 

Figure 7. FFT signal for an up normal heart (recorded 
sample). 
 

 

Figure 8. Analog signal for a normal heart (stethoscope 
sample). 

3.4.3. ANN Training 
Three ANNs are built: mitral stenosis disease ANN, ven- 
tricular septal defect disease ANN and aortic stenosis 
disease ANN. The ANNs parameters are initialized based 
on default values, including: epochs (number of itera-  

 

Figure 9. FFT signal for a normal heart (stethoscope sam- 
ple). 
 
tions), goal (performance function) and ANN show num- 
ber. 

4. Experimental Results and Discussion 

Series of experiments with different samples have been 
conducted to measure the effectiveness and accurateness 
of the proposed system. To ensure the correctness of the 
knowledge base and outputs, ANN are trained repeatedly 
and its parameters are modified where is needed. Number 
of trained samples, with wide range of variations and 
noise effect in each class, are also increased to enhance 
the system accuracy. Results show that accurate outputs, 
with 98% classification accuracy, are resulted with the 
trained samples, while, the system produces acceptable 
results for non-trained samples, with 92% classification 
accuracy. Additional experiments are carried out using 
external stethoscope and the output is accurate. However, 
it can be seen (Figure 10) that the shape of the recorded 
sound waveform looks little different compared with the 
stored one. The reason behind this is that the samples 
waveforms were sampled at different rate. The system 
output for normal heart using stethoscope is shown in 
Figure 10. 

Overall, the results revealed that all heart diseases of 
MS, AS and VSD are successfully and accurately identi- 
fied with the proposed system, as shown in (Figures 
10-13). Compared with previous studies presented in 
[21-24], which are mainly focused on valvular heart dis- 
eases, the proposed system delivers higher classification 
accuracy for both valvular and non-valvular heart dis- 
eases. 

5. Comparison Study 

Hongmei Yana et al. (Table 1) present a research study 
entitled “A multilayer perceptron-based medical decision 
support system for heart disease diagnosis” which deals 
with diagnosing of five heart diseases based on heart 
auscultation: hypertension, coronary heart disease, rheu- 
matic valvular heart disease, chronic cor pulmonale, and 
congenital heart disease. Three different evaluation me- 
thods were adopted to assess the performance of the 
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Figure 10. System output for normal heart using stethoscope. 
 

 

Figure 11. System output for “ventricular septal defect” heart disease. 
 

 

Figure 12. System output for “mitral stenosis” heart disease. 
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Figure 13. System output for “aortic stenosis” heart disease. 
 

Table 1. Detailed comparison study results. 

Reference Type of heart diseases 
# of heart 
diseases

%  
accuracy

[16] Valvular diseases 5 90 

[18] Valvular diseases 4 81 

[19] Valvular diseases 1 94.2 

[20] Valvular diseases 5 95.5 

Proposed system 
Valvular diseases and non 

valvular diseases 
3 92 

 
proposed decision support system. Results revealed that 
that the system has accuracy for all five heart diseases of 
about (90%). 

Soumya Sakha Tripathy (Table 1) presents a thesis 
entitled “System for Diagnosing Valvular Heart Disease 
using Heart Sounds”. The thesis depicts a diagnosis sys- 
tem based on heart auscultation for Aortic Regurgitation, 
Aortic stenosis, Mitral regurgitation and Mitral stenosis. 
The classification was carried out by a feed-forward neu- 
ral network with back-propagation learning algorithm. 
Results revealed that the classification accuracy is about 
81%. 

Zamri, et al. (Table 1) present a research paper enti- 
tled “Wavelet Analysis and Classification of Mitral Re- 
gurgitation and Normal Heart Sounds”. The paper ex- 
plains the Mitral Regurgitation diagnose based on Artifi- 
cial Neural Networks. The features from heart sounds 
were obtained from integral wavelet transform and used 
to train and test the artificial neural networks. The ANN 
was trained, with a classification accuracy of 94.2%. The 
heart sound data was recorded using an electronic ste- 
thoscope. A multilayer perceptron neural network with 
an input, one hidden and an output layer were used to 
classify the heart sounds. 

I. Turkoglu and A. Arsaln (Table 1) present a re- 
search paper entitled “An Intelligent Pattern Recognition 
System Based on Neural Network and Wavelet Decom- 
position for interpretation of heart sounds”. The study 
deals with Aortic stenosis, Mitral regurgitation, atrial 
septal defect, Mitral stenosis and Aortic regurgitation 
disease diagnosis. Results show that the accuracy is av- 
eraged for all heart diseases with a value of 95.5%. 

From the above comparison study, it can be seen that 
the classification accuracy never reached 100% and it is 
in the range of 81% to 95.5%. However, the proposed 
system has produced results with 92% accuracy. The 
compared studies dealt with different heart diseases and 
most of them are valvular diseases. Where, the proposed 
system deals with two valvular diseases (MS & AS) and 
one non valvular disease (VSD). Some of the previous 
studies have used different feature extraction methods 
like Wavelet transform, while, in this study, FFT has 
been used. Additionally, the compared studies have used 
different neural network techniques, including multi- 
layer perceptron ANNs. Whereas, in this study, the back 
propagation technique has been adopted (Table 1). 

6. Conclusion 

An innovative decision support system which is based on 
ANN has been implemented and tested to classify three 
main heart diseases: mitral stenosis, aortic stenosis and 
ventricular septal defect. Furthermore, the system offers 
a promising opportunity to develop an operational 
screening and testing device for heart disease diagnosis. 
Also, the system can deliver great assistance for clini- 
cians to make advanced heart sound diagnosis. Using real 
medical data, series of experiments have been conducted, 
to examine the performance and accuracy of the pro- 
posed system. Compared results revealed that the system  
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performance and accuracy are excellent, with a heart 
diseases classification accuracy of 92%. Compared with 
previous studies, which are mainly focused on valvular 
heart diseases, results show that the proposed system 
delivers higher classification accuracy for both valvular 
and non-valvular heart diseases. Overall, the results pre- 
sented show that all heart diseases of MS, AS and VSD 
are successfully and accurately identified with the pro- 
posed system. The proposed system can be used as great 
assistance to physicians in realization accurate and un- 
failing detecting heart problems at early stages and pre- 
vent patients going to proficient cardiologists. 

More work is planned to enrich the ANN knowledge 
base with more heart disease samples and enlarge the 
system to cover a wide range of heart diseases with high 
accuracy. Additional NN training techniques can be 
adopted, including linear vector quantization (LVQ), 
perception and dynamic NN. Further, it is proposed to 
embed the system components in one commercial pro- 
duct. 
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