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Abstract 

 
Congestive heart failure cause a high percentage of death compared with 

other human heart diseases. Also, it can gradually increase and lead to 

chronic and worst condition. Consequently, an earlier and accurate 

diagnostician of heart failure could reduce this number of failure cases 

significantly. The capability of auto-detection heart failure using 

electrocardiogram signal data is considerably for supporting medical 

treatment and diagnosis. The previous research suggested different 

approaches for signal processing and training algorithms using traditional 

neural network methods for autodetection of cardio diseases. However, 

random initial values are adopted to train these networks in these studies; 

therefore, of this disadvantage point, unpredictable response and non-

optimization design are produced. This work highlights these essential 

declines by offering an artificial neural network model that precisely 

recognizes congestive heart failure using electrocardiogram heart rate only. 

The proposed artificial neural network constructed on cardio congestive heart 

failure illness distinguish approach utilizing real date set of 10 seconds 

records from 200 patients and nonpatients via standard 12-lead 

electrocardiogram device. Moreover, the current study also focuses on  

      

 
Journal of Green Engineering, Vol. 11_3, 2561-2575. 

© 2021 Alpha Publishers.  All rights reserved 

mailto:assad-i@utq.edu.iq


 
 

 

 

 
2562 Assad Al-shueli 

 

sorting the illness in abnormal or normal cases. The recorded data is 

produced using the Cardiovit AT-101 device is employed for training and 

testing the artificial neural network. A back forward propagation algorithm is 

adopted for the training task due to its capability and accuracy.  The system 

is simulated and tested the prototype with real wide datasets available, 

comprising a total of 200 records, and the system reaches approximately 95% 

recognition efficiency. Significantly, the present approach adopts the 

identification performance to evaluate the model accuracy via mean squared 

error, validation performance, training state and training regression. The 

distinguish precision, sensitivity, is assessment using different artificial 

neural network approach with multilayer perceptron and training algorithms. 

The present work results give very interesting sorting outcomes in terms of 

such as sorting accuracy and sensitivity about 95% and 95%, respectively, 

while the other methods only reach a maximum of 92% classification 

accuracy. General, the suggested approach represents a considerable 

improvement for the existing methodology for distinguishing congestive 

heart failure and provides doctors and practitioners with the requirements 

tool to assist them in diagnoses the patient’s heart failure accurately and 

efficiently, without needing for advance technology that could affect the cost 

and environment badly.   
 

Keywords: Heart failure detection, congestive heart failure, artificial neural 

networks, back propagation algorithm, radial basis and generalized 

regression. 

1 Introduction 

Worldwide, the heart failure disease is responsible in most cases for 

stopping the pumping blood in the body [1] which made the researchers and 

scientists spend more attention on this field [2]. about 26 million patients 

around the world suffered from heart failure [3] as stated by to the European 

Society of Cardiology. This disease is increasing dramatically until becoming 

advance and worst in terms of associated symptoms and spreading quickly 

with age [4,5]. Indeed, the death rate with this illness is linked with the level 

of riskiness, approach at a maximum of 40% in the most critical cases [6].  

As a result, the is disease represent the dominate reason for making the 

elderly require to hospitalizations care, moreover in most cases they need to 

back again to the hospital after a short period from exiting [7]. Besides, the 

average healthcare budget for this disease reaches approximately 3% of the 

overall budget in most developed countries, presenting the largest part of the 

healthcare budget [8–10]. Consequently, early and accurate disease 

identification could lead to significant cost reduction in healthcare budget 

and improve the medical care services, due to efficient diagnoses system 

which can reduce the number of these patients [11]. 
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Recently, some studies have achieved interesting enhancement in this 

field areas, as result of the advanced technologies available such signal 

processing and artificial neural network techniques, which are used to 

distinguish and sorting the heart failure [12,13,18–21]. However, these 

studies adopted manual choosing process of adequate features based on heart 

rate variation within specific heartbeats time records using the 

electrocardiographic (ECG) signals to identify heart failure [22-23]. 

Therefore, these studies lose that ability to construct an accurate heart rate 

variation algorithm, which could lead to time-wasting and weak, due to the 

over-processing and the reiterated. To overcome these addressed points, a 

modern technique is offered in the current study for identification of the heart 

failure disease based on artificial neural network (ANN). Also, an automatic 

detection approach depends on back forward propagation using a raw ECG 

signal rather than heart failure variation characteristics.  

In the last decade, several approaches such as Radial Basis Functions 

(RBF), Neural Networks [24-25], self- organizing map [26], fuzzy c-means 

clustering techniques [27], Wavelet transformation [28] for automatically 

heart failure identification have been proposed to achieve auto supervision 

duty [29].  Also, Multilayer ANN methods have been used to classify heart 

failure detection [29-30]. Further, a multilayer perceptron ANN algorithm is 

employed the ECG for heart disease classification issue [31]. different types 

of ANN models are adopted to sort and diagnose the heart diseases depend 

on ECG and data are announced in [32-35]. However, most of them only 

reach a good accuracy rate, however they still unstable and unpredictable. 

Moreover, they are more complicated and required advance setting. 

This paper suggests an optimum ANN model for detecting the congestive 

heart failure diseases among different types of heart diseases. Several ANN 

models have been investigated such as Radial Basis Functions (RBF) and 

forward propagation model. The capability and accuracy are validated and 

tested using Matlab software 2010. The detection accuracy and sensitivity 

feature are analysed experimentally, and the measured results of these 

models show the model trained with back propagation algorithm is more 

reliable and accurate depending on the mean square error and performance 

state results. 

 

2 The Material and Method 
 
2.1 ANN Model  

 

The ANNs contain numbers of layers, involve input layer, hidden layers 

and output layer. Each layer consists of numbers of components defined as 

neurons (nodes). Every individual neuron has input signals multiply by 

corresponding weights for them, and added together with biases and linked to  
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the active function. The outputs of the input layer connected to hidden layers 

and so on to output layer [24]. The Multilayer Perceptron (MLP) is a 

common structure for supervised ANN [32], it is containing one input layer. 

After the structure of an MLP is specified, the training task is started for 

computing the weights of ANN. The required network output is set as a 

target for training the ANN to obtain the best match for the output pattern. 

There are several techniques available for training the ANN, the Back-

Propagation (BP) approach is the most common vastly applied for training 

MLP ANN [24]. It used the gradient descent method for reducing the mean 

square error by modifying the weights of the ANN via passing them straight 

the negative gradients. The Back-Propagation algorithm functions divided 

into two stages. stage one responsible for giving inputs for the input layer of 

the ANN to train the input pattern, then the input pattern is transmitted 

forward through layers of the ANN until the output is generated via the 

output layer. stage two is the propagation backwards via the network from 

the output layer to the input layer if the computing error value between the  

Figure -1- The multilayer perceptron ANN 

desired output and the actual output not met the required performance 

condition as shown in Figure (1). 

Mean Squared Error (MSE) equal to the squared difference between the 

target output and actual output and accumulated than divided by the number 

of the element as shown below [36-38]: 

    
 

 
∑       

 

 

   

                           

 

 
 

 

 



 
 

 

 

Environment Friendly Method for Detection Heart Failure Based on Artificial 

Neural Network Using Electrocardiogram Signal Data 2565 

 

Where tn is the target output, an is the actual output and n is the number of 

elements. 

The back-propagation algorithm is most easy, stable and effective on the 

training task. as a result of processing speed degradation when the learning 

pattern displays fluctuated [27]. 

 

2.2 Problems and Data Sets  
 

The input ECG signal databases employ in this work was downloaded 

from Lobachevsky University Electrocardiography Database (LUDB) which 

is available free license for education and research purposes [39]. The ECG 

database contains 200 records taken from healthy and non-healthy persons. 

Each ECG signals record has10-second recording time from standard 12-lead 

and contained 930 sampled. The ECG database recorded in Nizhny 

Novgorod City Hospital No 5 during the period from 2017 to 2018. The 

volunteers had diverse heart diseases whereas part of them healthy. The ECG 

database is sorted into two datasets, the first set contained 180 ECG signal 

used for the training process and the remain recorded data which is 20 sets 

for testing as shown in Figure (2). 
 

Figure -2- The architecture of detection Congestive heart disease using ANN. 

 

 

Figure (3) illustrates the suggested back propagation ANN for solving the 

problem in this study which is consist of three layers, input, hidden and 

output layers. The input layer has 930 input sample for each ECG trace and 

the number of traces used for training task is 180 datasets. While the hidden 

layer has ten neurons and the output layer has only one neuron.     

   

Figure -3- Suggested back propagation ANN. 
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2.3 Data Acquisition   

The heart condition could diagnose using The ECG signal interpreting in 

most cases. The heart Left ventricular (LV) reformatting might cause rising 

the potential amplitude of QRS wave or low R wave advancement in the 

ECG signals of congestive heart failure patients. The reduction of the regular 

growth in the value of the R wave in the ECG leads from lead V1 to V6 

occurs when low R wave advancement. The ECG trace of a congestive heart 

failure patient and normal ECG trace is shown in Figure (4).  

              

         Figure -4- ECG signal of normal congestive heart failure. 

 
2.3 Performance Measures 
 

Four indicators have been used for evaluating the performance of the 

detection approaches, which are the mean squared error (MSE), specificity, 

sensitivity and classification accuracy as shown in (1), (2), (3) and (4) 

respectively. These indicators have measured using the parameters True 

Negative (TN), True Positive (TP), False Negative (FN) and False Positive 

(FP). 
The true negative index shows that the congestive heart failure detection 

is negative in both detection algorithm and actual case. While the TP index 

represents that the congestive heart failure detection is positive in both 

detection approach and actual case. 
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on the other hand, the FN happens when the system diagnoses a patient with 

congestive heart failure disease as healthy, while the FP triage when the 

detection algorithm identifies a healthy person as a patient with a congestive 

heart failure disease.  

The Specificity indicator equal to the total number of TN over the sum of 

TN and FP as shown in (2). While the sensitivity is computed from the TP 

over the sum of FN and TP as displayed in (3), finally the detection accuracy 

indicator is calculated from the sum of TP and TN over the total number of 

cases (N) as explained in (4). 

 

            
  

     
                           

 

            
  

     
                      

 

         
       

 
                      

 

3 Results and Discussion 
 

In this work, different types of ANN have been applied for detection the 

CHF such as backpropagation, Radial basis and Generalized regression. An 

optimum and more accurate design has been selected for this task. The 

results show that the backpropagation algorithm is more efficient and lower 

MSE compare with other approaches. As a result, this approach is applied in 

this study for detection the congestive heart failure disease. 

Figure (5)(A). shows the best validation performance is 5.4558*10-8 at 

epoch 21, while the gradient is 7.1421*10-7 as demonstrated in Figure (5) 

(B)  
 

 

  

Figure -5- Where (A) Training performance and (B) Training state 
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The training regression illustrates that the error between the target and 

the output is 0.00024 which is very low could lead to high accuracy detection 

as shown in Figure (6).  

Figure -6- The ANN training regression 
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Four datasets have been used for testing three different types of ANN 

algorithm. Each dataset has 50 traces of ECG signals for a healthy and non-

health person. Figures. (7, 8, 9 and 10) show the congestive heart failure 

detection performance. The results show that the proposed approach reaches 

very high performance; the sensitivity, accuracy and specificity 95%, 95%, 

and 99% respectively compared with other methods. Moreover, the error 

between the target and the output is very low at about 0.00024. 
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4 Conclusion 

 

This work offers an efficient ANN algorithm for congestive heart failure 

detection using ECG signals datasets. The results show clearly the error of 

ANN-based on backpropagation approach is very low. This improvement 

could lead to high detection performances and more accurate result for the 

needed congestive heart failure identification task. The proposed ANN 

achieve detection accuracy about 95%, sensitivity of 95% and specificity 

99% on using dataset number one on backpropagation ANN algorithm. This 

network consist of one hidden layer has 10 neurons and input and output 

layers. An optimal network is selected to reduce computation time and 

decrease the complexity of for the system to give better detection accuracy 

offered on the same cases. In addition, detection results illustrate that using 

one performance indicator is not enough for evaluating the detection 

improvement based on ECG signals. Moreover, using one dataset for testing 

the models is not sufficient to measure the sorting performances which could 

cause unpredictable behaviour. The present network model displays essential 

improvement and offer a modern technique for congestive heart failure 

diagnoses could reduce the diagnoses time and healthcare budget required for 

these cases. 
 

 



 
 

 

 

 

 

Environment Friendly Method for Detection Heart Failure Based on Artificial 

Neural Network Using Electrocardiogram Signal Data 2571 

 

References 

 

[1]J.J. McMurray, S. Stewart, “Epidemiology, aetiology, and prognosis of 

heart failure”, Heart, 83, no 2, pp. 596–602, 2000. 

[2]D.M. Lloyd-Jones, et al., “Lifetime risk for developing congestive heart 

failure: the Framingham Heart Study”, Circulation, 106, pp. 3068–3072, 

2002. 

[3]P. Ponikowski, et al., “Heart failure: preventing disease and death 

worldwide”, ESC Heart Fail., Vol. 1, no. 1, pp. 4–25, 2014. 

[4]S. Stewart, K. MacIntyre, S. Capewell, J.J.V. McMurray, “Heart failure 

and the aging population: an increasing burden in the 21st century”, 

Heart, Vol. 89, no. 1,  pp. 49–53, 2003. 

[5]M.W. Rich, “Epidemiology, pathophysiology, and ethology of congestive 

heart failure in older adults”, Heat Fail Clin., Vol. 3, no. 4, pp. 381-387, 

2007. 

[6]B.M. Massie, N.B. Shah, “Evolving trends in the epidemiologic factors of 

heart failure: rationale for preventive strategies and comprehensive 

disease management”, Am. Heart J., Vol. 133, no. 6, pp. 703–712, 1997. 

[7]J.M. Vinson, M.W. Rich, J.C. Sperry, A.S. Shah, T. McNamara, “Early 

readmission of elderly patients with congestive heart failure”, J. Am. 

Geriatr. Soc., Vol. 38, no. 12, pp. 1290–1295, 1990.  

[8]J.B. O’Connell, “The economic burden of heart failure”, Clin. Cardiol., 

Vol. 23, no. 3, pp. 6–10, 2000. 

[9]A.P. Ambrosy, et al., “The global health and economic burden of 

hospitalizations for heart failure: lessons learned from hospitalized heart 

failure registries”, J. Am. Coll. Cardiol., Vol. 63, no. 12,  pp. 1123–1133, 

2014. 

[10]C. Berry, D.R. Murdoch, J.J.V. McMurray, “Economics of chronic heart 

failure”, Eur. J. Heart Fail., Vol. 3, no. 3, pp. 283–291, 2001. 

[11]E.E. Tripoliti, T.G. Papadopoulos, G.S. Karanasiou, K.K. Naka, D.I. 

Fotiadis, “Heart failure: diagnosis, severity estimation and prediction of 

adverse events through machine learning techniques”, Comput. Struct. 

Biotechnol. J., Vol. 15, pp. 26–47, 2017. 

 

 

 

 

 



 
 

 

 

 

 

 

2572 Assad Al-shueli 

 

[12]P. Melillo, R. Fusco, M. Sansone, M. Bracale, L. Pecchia, 

“Discrimination power of long-term heart rate variability measures for 

chronic heart failure detection”,  Med. Biol. Eng. Comput., Vol. 49, no. 

1,  pp.  67–74, 2011. 

[13]L. Pecchia, P. Melillo, M. Bracale, “Remote health monitoring of heart 

failure with data mining via CART method on HRV features”, IEEE 

Trans. Biomed. Eng., Vol. 58, no. 3, pp.  800–804, 2011. 

[14]Y. Isler, M. Kuntalp, “Combining classical HRV indices with wavelet 

entropy measures improves to performance in diagnosing congestive 

heart failure”, Comput. Biol. Med., Vol. 37, no. 10, pp. 1502–1510, 

2007. 

[15]G. Liu, L. Wang, Q. Wang, G. Zhou, Y. Wang, Q. Jiang, “A new 

approach to detect congestive heart failure using short-term heart rate 

variability measures”, PLoS One, 2014. 

[16]Z. Masetic, A. Subasi, “Congestive heart failure detection using random 

forest classifier”, Comput. Methods Programs Biomed, Vol. 130, pp.  

54–64, 2016. 

[17]M.H. Asyali, “Discrimination power of long-term heart rate variability 

measures”, 25th Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society, 2003. 

[18]W. Chen, L. Zheng, K. Li, Q. Wang, G. Liu, Q. Jiang, “A novel and 

effective method for congestive heart failure detection and quantification 

using dynamic heartrate variability measurement”, PLoS One, Vol. 11, 

no. 11, 2016. 

[19]G. Guidi, M.C. Pettenati, R. Miniati, E. Iadanza, “Random Forest for 

automatic assessment of heart failure severity in a telemonitoring 

scenario”, Annual International Conference of the IEEE Engineering in 

Medicine and Biology Society, Vol. 2013.pp. 3230–3233, 2013. 

[20]G. Guidi, L. Pollonini, C.C. Dacso, E. Iadanza, “A multi-layer 

monitoring system for clinical management of Congestive Heart 

Failure”, BMC Med. Inform. Decis. Mak., Vol. 15, no. 3, 2015. 

[21]G. Guidi, M.C. Pettenati, R. Miniati, E. Iadanza, “Heart failure analysis 

dashboard for patient’s remote monitoring combining multiple artificial 

intelligence technologies”, Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society, Vol. 2012, pp. 2210–

2213, 2012. 

 



 
 

 

 

 

 

Environment Friendly Method for Detection Heart Failure Based on Artificial 

Neural Network Using Electrocardiogram Signal Data 2573 

 

[22]U. Rajendra Acharya, K. Paul Joseph, N. Kannathal, C.M. Lim, J.S. Suri, 

“Heartrate variability: a review”, Med. Biol. Eng. Comput., Vol. 44, no. 

12,  pp. 1031–1051, 2006. 

[23]M. Porumb, E. Iadanza, S. Massaro and L. Pecchia, “A convolutional 

neural network approach to detect congestive heart failure”, Biomedical 

Signal Processing and Control, Vol. 55, pp.1-9, 2020. 

[24]S. M. Jadhav. S. L. Nalbalwar and A. A. Ghatol, “Artificial Neural 

Network Models based Cardiac Arrhythmia Disease Diagnosis from 

ECG Signal Data”, International Conference on Electronics and 

Information Engineering, 2010. 

[25]G. Selvakumar, K. Boopathy Bagan, “Wavelet Decomposition for 

Detection and Classification of Critical ECG Arrhythmias”, 8th WSEAS 

International Conference on Mathematics and computers in Biology and 

Chemistry, pp. 80-84, 2007. 

[26]G. Selvakumar, K. Boopathy Bagan, “An Efficient QRS Complex 

Detection Algorithm using Optimal Wavelet”, WSEAS Transactions on 

Signal Processing,  pp. 50-55, 2006. 

[27]S. Nien Y.Ying and H. Chen, “Electrocardiogram beat classification 

based on wavelet transformation and probabilistic neural network”, 

Pattern Recognition Letters, Vol. 28 , no. 10,  pp. 1142-1150, 2007. 

[28]H. Hussain and L. L. Fatt, “Efficient ECG Signal Classification Using 

Sparsely Connected Radial Basis Function Neural Network”, 6th 

WSEAS International Conference on Circuits, Systems, Electronics, 

Control and Signal Processing,  pp. 412-416, 2007. 

[29]Rahime, Ceylan, Yuksel and Ozbay, “Comparison of FCM, PCA and 

WT techniques for classification ECG arrhythmias using artificial neural 

network”, International Journal on Expert Systems with Applications, 

Vol. 33, no. 2, pp. 286-295, 2007. 

[30] Khadra, A. S. Al-Fahoum, and S. Binajjaj, “A quantitative analysis 

approach for cardiac arrhythmia classification using higher order spectral 

techniques”, IEEE Transactions on Biomedical Engineering, Vol. 52, no. 

11,  pp. 1840-1845, 2005. 

[31]Y. Wang, Y. Zhu, N. V. Thakor, and Y. Xu, “A Short Time Multifractal 

Approach for Arrhythmia Detection Based on Fuzzy Neural Network”, 

IEEE Transactions on Biomedical Engineering, Vol. 48, no. 9, pp. 989-

995, 2001. 

 



 
 

 

 

2574 Assad Al-shueli 

 

[32]Sang-Hong Lee, Jung-Kwon Uhm, and Joon S. Lim, “Extracting Input 

Features and Fuzzy Rules for Detecting ECG Arrhythmia Based on 

NEWFM”, International Conference on Intelligent and Advanced 

Systems, 2007. 

[33]A. M. Elsayad, “Classification of ECG arrhythmia using learning vector 

quantization neural networks”, International Conference on Computer 

Engineering & Systems, 2009. 

[34]A. Uyar, F. Gurgen, “Arrhythmia Classification Using Serial Fusion of 

Support Vector Machines and Logistic Regression”, Intelligent Data 

Acquisition and Advanced Computing Systems: Technology and 

Applications, 2007.  

[35]A. Mirza Mahmood and M. Rao Kuppa, “A novel pruning approach 

using expert knowledge for data-specific pruning”, Engineering with 

Computers, Vol. 28,pp. 21-30, 2012. 

[36]R. Sigit, A. Basuki and Anwar, “A New Feature Extraction Method for 

Classifying Heart Wall from Left Ventricle Cavity”, International 

Journal on Advanced Science, Engineering and Information Technology, 

Vol. 10, no. 3, pp. 964-973, 2020.  

[37]S. J Rashid, A. I Abdullah and M. A Shihab, “Face Recognition System 

Based on Gabor Wavelets Transform, Principal Component Analysis and 

Support Vector Machine”, International Journal on Advanced Science, 

Engineering and Information Technology, Vol. 10, no. 3, pp. 959-963, 

2020.  

[38]Z. Rustam, S. Hartini, R. Y. Pratama, R. E. Yunus and R. Hidayat, 

“Analysis of Architecture Combining Convolutional Neural Network 

(CNN) and Kernel K-Means Clustering for Lung Cancer Diagnosis”, 

International Journal on Advanced Science, Engineering and Information 

Technology, Vol. 10, no. 3, pp. 1200-1206, 2020. 

[39]A. Kalyakulina, I.Yusipov, V. Moskalenko,  A. Nikolskiy, , A. Kozlov, 

K. Kosonogov, N.  Zolotykh, and M. Ivanchenko,  “Lobachevsky 

University Electrocardiography Database (version 1.0.0)”,  Available 

Online:  https://doi.org/10.13026/qweb-sr17. 

 

 

 

 

 

 

 



 
 

 

 

 

Environment Friendly Method for Detection Heart Failure Based on Artificial 

Neural Network Using Electrocardiogram Signal Data 2575 

 

Biography  

 

Assad Al-Shueli (Thi-Qar-Iraq, 1976) is an assist prof. in electronics engineering at 

University of Thi-Qar/Iraq. His B.Sc. degree in electrical engineering and his M.Sc. 

degree in electronic and communication engineering were granted from University of 

Mustansiriyah, Baghdad, Iraq in 1998 and 2000 respectively. Later he was awarded his 

PhD Degree in electronic and electrical engineering from University of Bath, Bath, UK, 

in 2013. His research interests are electrical resistivity, digital filter design, micro-

electronic design, digital signal processing. Dr. Al-shueli is a member in IEEE 

organization, Iraq Section, as well as a member in the Iraqi Engineering Union 

 

 

 

 


