
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

              Volume-10, Issue-7, July 2020 
   

 

 
                      

 

 

 
 

 
 

   Remote Healthcare System to Predict 
Cardiovascular Disease Using Bigdata and 

Green Cloud Frameworks  
 

                               1
B.Suvarnamukhi and 

2
M.Seshashayee 

1,2
Department of Computer Science, GITAM, Visakhapatnam, Andhra Pradesh, 

India.E-mail:
1
suvarnamukhi.research@gmail.com 

 

Abstract 
 

Cardiovascular disease has become the most common disease now-a-days 

and it is always good to prevent than to deal with the disease. Remote 

healthcare systems are in high demand, owing to the advancement of 

technology. This article introduces a cardiovascular disease prediction 

system, which could work on both standard benchmark database and real-

time data. As the real-time medical data is huge, it is necessary to utilize big 

data and cloud computing frameworks. KELM classifier is employed for 

predicting the cardiovascular disease. The KELM is trained with the 

statistical set of features obtained from the dataset. The efficiency of the 

proposed work is matched with the existing techniques and the results are 

satisfactory in terms of accuracy, precision and recall. 

 

Key words: Remote healthcare system, cardiovascular disease, big data, 

green cloud computing, disease prediction. 

 

1 Introduction 
 

The improvement of medical science and technology has sown the seeds 

of remote healthcare applications, where the patients can be monitored 

continuously without any location constraints. The remote healthcare 

applications provide medical service to the patients by analysing the medical 

attributes remotely. The healthcare applications involve voluminous data and  
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hence, data storage and maintenance are difficult. However, the processes of 

data storage and maintenance can be performed by incorporating advanced 

computing paradigm like cloud computing.Additionally, the healthcare data 

involves different data formats such as text, numerals, images, signals, 

videos and so on. For instance, blood pressure, blood sugar level, pulse rate, 

digital scan reports such as Computed Tomography (CT), X-ray, Magnetic 

Resonant Imaging (MRI), and Electrocardiogram (ECG) and so on. A fully 

automated healthcare application collects the required medical data from the 

patients with the help of biosensors and the data collection can also be done 

manually [1-6]. The collected medical data can be saved in the local database 

of the medical network. However, the increasing volume of medical data is 

difficult to be managed by the local database and it involves several 

constraints also. 

In this juncture, the distributed data storage can be employed for availing 

the features such as better remote accessibility and availability. The collected 

medical data are archived in the cloud server and the data analytics is carried 

out. The remote healthcare system makes the best use of cloud storage, as the 

healthcare expert can access the medical data irrespective of any location or 

time constraints. Hence, the remote healthcare applications over big data and 

cloud computing have attracted the research attention of the researchers. 

As the cloud storage is flexible and capacious, complete medical 

information about the patient can be stored without any hassles. The 

complete health record paves way for better decision making and the 

healthcare experts can detect and analyse the related records, so as to arrive 

at better decision. The advanced healthcare applications pay more attention 

to predict the occurrence possibility of a disease, rather than to diagnose and 

treat the disease. Besides, a healthcare professional can easily obtain expert 

advice for better results.Understanding the merits of remote healthcare and 

disease prediction systems, this paper aims to propose the disease prediction 

system for cardiovascular disease, which collects several medical attributes 

with different formats such as numerals and text. The proposed big data 

based remote disease prediction system collects different medical attributes 

from the patients and processes the data to predict the occurrence possibility 

of the cardiovascular disease. Additionally, the patient can seek medical 

advice from the remote healthcare experts. The contributions of this article 

are listed below. 

 The central theme of this work is to forecast the future 

occurrence possibility of cardiovascular disease, which shows up greater 

mortality rates recently. 

 Cloud computing environment is employed for effective data 

storage and data retrieval.  

 The remote healthcare monitoring systems are built such that the 

patients are tracked round the clock and any detected abnormalities are 

notified to the healthcare workers immediately. 
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 The proposed work can predict the occurrence possibility of 

cardiovascular disease and hence this system can assist or alert the healthcare 

worker, which increases the diagnostic accuracy.  

 The false alarming rates of this work are found to be minimal, 

due to the consideration of multiple health attributes. 

 The remaining parts of this paper are organized as follows. The review of 

literature is discussed in section 2 and the proposed cardiovascular disease 

prediction system is described in section 3. The effectiveness of the proposed 

work is analysed and compared with the existing techniques in section 4. 

Section 5 concludes the article. 

 

2 Review of Literature 
 
 This section studies the existing literature with respect to big data based 

disease prediction systems. 

 In [7], an intelligent information forwarder is presented for big data 

based healthcare system through distributed wearable sensors. The data 

forwarder of this work employs Hidden Markov Model (HMM) for 

recognising the human behaviour and the sensor patterns are formed by 

locality sensitive hashing. The health conditions of the users are monitored 

by a prototype solution, which intends to forward the important information 

alone by means of context awareness. 

 Future health condition of the users is predicted by analysing the 

healthcare big data in [8]. This work employs probabilistic data collection 

mechanism for collecting the health data. The collected health data are 

analysed with the help of correlation analysis and the future health condition 

of the users is predicted by a stochastic prediction model. In [9], the function 

of big data in cardiology is discussed and it claims that the earlier clinical 

decisions in cardiology reduce the risk of cardiac ailments.  

 Mobile cloud computing model with big data is employed for healthcare 

applications in [10]. Initially, the networked healthcare, mobile cloud and big 

data analytics are described. The cloudlet based mobile cloud infrastructure 

is then proposed for big data based healthcare applications. In [11], a fuzzy 

rule based big data analytics in cloud computing environment is presented to 

ensure healthcare-as-a-service. This work relies on clustering approach to 

process the big data and a fuzzy classifier is developed to make better 

decisions. The work efficiency is then analyzed with respect to response 

time, accuracy and computational cost. 

 A big data based disease prediction system is presented by utilizing a 

machine learning approach in [12]. This work predicts chronic diseases over 

the medical data collected from china between the years 2013 and 2015. 

Latent factor model is employed to reform the missing data and the disease is 

predicted by means of Convolutional Neural Network (CNN).  
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In [13], a review on the position of nano-communication in healthcare 

systems is performed. This review paper focuses on biomedical applications 

based on nano sensors and nano-communication networks. The big data 

framework can be applied for gaining knowledge, such that smart healthcare 

system is ensured. 

 A big data based health system is proposed on the basis of health Internet 

of Things (IoT) in [14]. This paper examines the system architecture and the 

standard applications of big health system. In [15], a modern strategy is 

presented for visualizing big data in telemedicine. This work proposes a 

graphical tool for visualizing the health data, which can easily be used to 

track the health condition of the patients remotely. This work is based on the 

standard geoJSON. 

 A medical health data classification system based on k-Nearest 

Neighbour (k-NN) classifier is proposed in [16]. This work presents a 

modified k-NN algorithm, which considers the weights of all classes and 

performs cluster denoising along with density cropping as well. The 

classification accuracy of this classifier is claimed to be better. In [17], the 

human activity based patterns are mined from smart homes, in order to 

present healthcare applications. This work involves frequent pattern mining, 

cluster analysis and prediction of human actions. The human activity patterns 

are utilized for building the healthcare application.  

 In [18], a patient centric cellular network optimization scheme is 

proposed for big data analytics. Here, the medical data are acquired from 

medical IoT sensors and the data are processed to predict the occurrence 

possibility of health ailments. The critical health data are transmitted from 

the patient to the healthcare provider via the long term evolution advanced 

physical resource blocks. The physical resource blocks are optimized with 

the help of Mixed Integer Linear Programming (MILP) and a heuristic 

algorithm. 

 In [19], two models are constructed for guiding the patients, who are 

seeking for medical treatment. The models are based on information 

asymmetry theory and game model. The game model is meant for analysing 

the patients’ condition and hierarchical diagnostic model is presented. A 

mobile cloud based big data processing system is presented for smart city in 

[20]. Smart healthcare services need to have seamless communication and it 

can be attained by mobile cloud computing model. This work presents a 

Virtual Machine (VM) migration model based on ant colony optimization 

algorithm. 

 In [21], seizure prediction system is proposed as a measure to control 

epilepsy by considering Electro Encephalo Graphic (EEG) and 

ElectroCorticoGraphic (ECoG) signals. This work predicts the epileptic 

seizure and then optimization is carried out over deep learning structures, 

stacked auto-encoder and CNN. Finally, a cloud computing based solution is 

presented for handling big data.  
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 In [22], an emotion aware system design is presented for big data 

application. This work is based on 5G and Software Defined Networking 

(SDN) technologies. This work is based on healthcare data collection, 

transmission, storage, analysis and interaction. A healthcare cyber-physical 

system based on cloud and big data is proposed in [23]. This work involves 

three important layers meant for data collection, management and service 

provision. In [24], an efficient heart disease prediction system is proposed by 

utilizing hybrid machine learning techniques. This work utilizes different 

combinations of machine learning algorithms. An intelligent heart disease 

prediction system is presented on the basis of ensemble learning model over 

cloud computing environment in [25]. A gini index based decision tree is 

built to forecast heart related disease in [26], which is based on data mining. 

 Motivated by these existing works, this article intends to propose a 

cardiovascular disease prediction system that operates on big data over cloud 

computing environment through a supervised learning approach.  

 

3 Proposed Cardiovascular Disease Prediction System with 
Big Data and Cloud Computing  
 
 This section explains the proposed disease prediction system and the 

work overview is presented initially. 

 

3.1 Work Overview 
  

This work attempts to present a cardiovascular disease prediction system 

that could support healthcare professionals in the accurate diagnosis of the 

disease. The specific medical attributes of the patients are monitored 

continuously and the proposed work forecasts the disease by the detected 

abnormalities. The detected abnormalities are forwarded to the healthcare 

workers in parallel, such that the diagnostic procedure for the disease can be 

initiated. This idea reduces the health risk faced by the patient and increases 

the medical Quality of Service (QoS).  

 The proposed work is designed to be scalable, such that it employs big 

data and cloud computing concepts. The remote healthcare system must be 

able to deal with numerous patients and the application must ensure better 

scalability. This work is organized in four phases, which are medical data 

collection, feature extraction, disease prediction and reporting. The data 

collection intends to collect medical data and the data are pre-processed to 

remove duplicate records. The collected data are processed with the phases 

of feature extraction and the disease prediction is carried out by random 

forest classifier. The predicted disease is forwarded to the healthcare division 

for carrying out further actions. Each phase in this work are elaborated in the 

following sub-sections. 
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3.2 Medical Data Collection and Pre-Processing 
 
 For the sake of testing the work performance, medical data meant for 

cardiovascular system are collected from UCI Machine Repository [27] and 

real-time data are also considered. The medical attributes employed by this 

work are age, gender, kind of pain in chest, resting blood pressure, 

cholesterol range, fasting blood sugar, ECG results, greatest heart rate, 

angina induced through exercise and ST depression, peak of slope, count of 

major vessels, kind of defect and heart disease diagnostic result. All these 

medical attributes are considered for predicting the disease. All the records in 

the dataset fall under two classes such as Positive  and Negative 

.  

 The main reason for the choice of this dataset is that it already 

discriminates between the positive and negative. Hence, it is highly suitable 

for checking the efficiency of the proposed work by initially working on the 

dataset and then on the real-time data collected from the patient. The 

collected data involves the same medical attributes and are collected from 

local medical laboratories as well. Initially, the proposed work is applied on 

the dataset for checking the efficiency and the same is applied over the real-

time data followed by which the result is evaluated by the healthcare 

professional, in order to find the effectiveness of the proposed disease 

prediction system. 

 As soon as the data are obtained, it is mandatory to pre-process the data 

such that the input data is refined, which is completely necessary for further 

processing steps of the proposed work. When the process of pre-processing is 

not given enough attention, then the succeeding phases of the application 

suffers from inefficiency and performance degradation. This work pre-

processes the collected medical data by removing duplicate records and fills 

the null attributes with zero for escaping from unwanted exceptions. The 

following section explains the feature extraction of the proposed disease 

prediction system.  

 

3.3 Statistical Feature Extraction 
 
 Feature extraction is the important part of the proposed disease 

prediction system, as it forms a way for better performance of the system. 

Features are necessary for the machine learning algorithm to distinguish 

between the medical records. The potential features are essential for attaining 

better accuracy rates of the system. The crucial point here is that this work is 

associated with medical attributes, which are subject to change with respect 

to time.  Hence, this work considers this point and the time frame is 

considered while taking the medical reading. This idea helps the healthcare 

worker to determine the exact point of time at which the reading goes wrong.  
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However, the health data based on time frame is not possible in the case 

of standard benchmark database and hence, the feature extraction processes 

differ. 

 Yet, both the standard dataset and the real-time healthcare data involve 

same set of medical attributes and rely on statistical features. Hence, the 

proposed work employs the statistical measures for constructing the feature 

vector. As all the medical attributes involve numerical values, the most 

common statistical operators such as min, max and median values of all the 

medical attributes are detected. This step is followed by the computation of 

covariance matrix for all the so computed values with respect to time frame. 

However, the processes of feature extraction vary with respect to standard 

dataset and real-time data. The feature extraction processes of both the 

processes are presented in the following sub-sections. 

 

3.3.1 Statistical Feature Extraction for Standard Dataset 
  

As mentioned earlier, the standard dataset involves 14 medical attributes 

and the statistical features are computed out of them. This work forms matrix 

with medical attributes and total count of patients as rows and columns 

respectively. Let the medical attributes be represented as follows. 

                                                           (1) 

The Health Matrix (HM) of the dataset is formed in the following way.                     

     (2) 

 

Here,  represents the first medical attribute of the first patient and 

the  represents the first medical attribute of the  patient. Hence, the 

data representation in matrix format helps in achieving better data analysis. 

The statistical features can easily be calculated from the so formed matrix. 

Every column is associated with the specific medical attribute of all patients. 

 The standard database is organized in matrix format for effective analysis 

and the statistical features are computed with respect to the columns. 

However, it is not necessary to find features for all the medical attributes 

such as age, gender and so on. Hence, those personal detail columns are not 

considered and the remaining medical attributes alone are processed for 

statistical feature extraction, as per the following equations. 
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                                                                             (3) 

                                                                            (4) 

                                                                                (5) 

                                                                                        (6) 

Based on the above computed features, the feature vector is computed as 

follows.  

                                                                                     (7) 

 The so computed feature vector is employed for training the machine 

learning algorithm. As the medical attributes involve numerical values, the 

min, max and mean values can effectively train the classifier about the 

normal range of values. On the other hand, utilization of statistical features 

results in minimized computational complexity and performance 

enhancement as well. The feature extraction process being carried out in the 

real-time data is presented in the following sub-section. 

 

3.3.2 Statistical Feature Extraction for Real-Time Dataset 
 
 Unlike standard benchmark dataset, the real-time data are generated 

continuously by the patient. This makes sense that the medical attribute is 

updated for every time frame with the help of real-time sensors. The sensors 

collect the medical data continuously, which could overflow the database in a 

fast pace. In order to cope with the speed of real-time data collection, this 

work utilizes the cloud server for elastic storage capability and hassle-free 

maintenance. Additionally, the data growth is exponential and hence the big 

data framework is utilized to deal with the growing data. 

 Due to the increased utilization of remote healthcare systems, the real-

time medical data are continuously stored in the cloud server, such that they 

can be utilized for the future analytical purposes. Besides, the patients’ 

medical historical data are needed to be stored as long as the patient is alive. 

In such cases, the volume of the data is grown exponentially yet the data 

must be maintained. Extracting features from voluminous data is a challenge 

and as real-time medical data are considered, formation of health matrix, as 

in the case of section 3.3.1 is a crucial task. 

 In the previous sub-section, a single health matrix is formed for the entire 

database, which is impossible with real-time data. Hence, each and every 

patient is allotted with a single health matrix, where the columns indicate 

medical attributes and the rows indicate the time frame at which the medical 

data is collected. The time frame for medical data collection is set to thirty 

minutes and the medical data is collected for every thirty minutes. The data 

collection can be carried out by bio-sensors and data processing is explained 

as follows. 
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 Let the time frame be represented as . 

All the time frames are sealed with the timestamp, which includes data and 

time at which the medical data is collected. As the medical data is collected 

for every thirty minutes, forty eight entries appear for a single day. However, 

maintaining all these forty eight entries is not essential, due to the increased 

consumption of memory. This work proposes to compute the 

 (as given in equations 3 to 5), whenever forty eight 

entries are added for a specific patient. 

 However, the statistical features are not computed for all the forty eight 

records, but the records are categorized under four time periods that comprise 

of 10/10/10/18 records. The  values are computed for 

every category and the values are stored with timestamp. This idea helps to 

reduce the memory consumption and catalogues the records as well. For 

future reference, this data with segregated time periods would suffice rather 

than to maintain all the forty eight medical records per day.  

 Let there be  patients and the medical data of all the patients are stored 

with the timestamp. The so collected medical data are stored in the health 

matrix of a specific patient, which is as follows. 

               (9) 

  

As the medical data is collected for every half an hour, there are 48 

timeframes per day. On the completion of forty eight time frames, the 

medical data can be summarized and saved for future reference, instead of 

saving all the data being collected in a day. However, it is necessary to have 

adequate medical information, such that the decision making can be done 

with reasonable accuracy rates. Hence, this work sums up the complete 

medical data of the patient per day by segregating the time frames into 

morning (TFM), noon (TFN), evening (TFE) and night (TFK). The initial 

three periods have ten time frames each and the rest of the eighteen time 

frames are for the night time period. Now, the min, max and mean values of 

each time period is computed and stored for future analysis. At last, three sets 

of min,max,mean values are computed and the feature extraction process 

proceeds in the following way. 
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           (10) 

 

           (11) 

 

      (12) 

 

    (13) 

The min, max and mean values for all these matrices from eqns.10-14 are 

computed by the following equations. 

                                                          (14) 

Here, TS stands for timestamp. Thus, the min, max and mean values are 

computed for all the time segregated health matrices and are stored with the 

timestamp for future references. This results in four matrices with three 

values. The feature vector of  is computed by considering the medical 

records with available time frames by the equation (7). The computed feature 

vectors are meant to train the machine learning algorithm or to make final 

decision. The machine learning algorithm is described in the following 

section. 
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3.4 Disease Prediction by Kernelized Extreme Learning Machine 
(KELM) 
  

KELM algorithm is an enhanced version of ELM classifier, which has 

been discussed in our previous work [28]. The ELM algorithm relies on the 

static hidden layer, whereas the KELM is based on the condition of Mercer’s 

over ELM. The KELM is enhanced such that it satisfies the mercer’s 

condition, as in equation (16). 

                                                                                               (16) 

Here, ‘HL’ denotes the output hidden layer matrix and ‘T’ indicates the 

matrix’s transpose. The KELM’s output function is shown by the following 

equation (17). 

                                       (17) 

Here,  denotes the hidden neurons’ kernel function in a Single Layer 

Feed-Forward Neural Networks (SLFN) and the is denoted by the 

following equation. 

                                                          (18) 

 The ELM can employ different kernels such as linear, polynomial, 

Gaussian, hyperbolic, wavelet and RBF kernels. The proposed work utilizes 

RBF kernel, due to it’s better performance and is presented in the following 

equation. 

                                                                     (19) 

 The performance of KELM is better than ELM, because of the 

elimination of the hidden layer feature mapping and the choice of hidden 

neurons. The performance of the proposed work is analysed in the following 

section. 

 

4 Results and Discussion 
 

 The proposed work utilizes Matlab 2019b for processing the real-time 

healthcare data and the data obtained from benchmark dataset as well. 

Matlab 2019B works well for Big Data framework. Initially, the machine 

learning algorithm is fed with knowledge with sixty percent of the data for 

effective prediction of cardiovascular diseases. The performance of the 

proposed work is compared with the existing systems such as hybrid machine 

learning [24], intelligent disease prediction [25], decision tree based system 

[26] in terms of accuracy, precision, recall, time consumption and so on. The 

formulae for computing these performance measures are presented in [28].  
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The effectiveness of the proposed work is better and the attained results 

are discussed as follows. Initially, the classifiers are varied to analyse the 

performance, followed by which the existing works are compared with the 

proposed works. 

 

4.1 Performance Analysis w.r.t Classifiers 
  

Disease prediction is carried out by the machine learning algorithm and 

the proposed work employs KELM algorithm. However, this work attempts 

to check the effectiveness of different classifiers such as k-Nearest 

Neighbour (k-NN), Support Vector Machine (SVM), ELM and KELM. The 

average results achieved by the proposed work are shown in figure 1. 

 
Fig.1: Experimental results w.r.t. classifiers 

  

The attained output proves that the performance of the proposed work is 

better than the other classifiers such as k-NN, SVM and ELM. The 

kernelized ELM proves its performance by showing minimal false positive 

and false negative rates. False positive rates indicate that the patient is 

actually normal, but the system predicts the patient with disease. On the other 

hand, false negative rates denote that the patients are actually affected by the 

disease but the system predicts the patient with no disease. Both these cases 

are equally serious and seriously affect the accuracy of the system. The better 

performance of the proposed work shows that the false positive and false 

negative rates of the proposed work are minimal, which in turn improvises 

the precision and recall rates. The average time consumption of the classifier 

to predict the disease is tabulated in Table 1. 
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Table 1: Time consumption of classifier to predict disease 

 

Classifier Training Time (m) Prediction 

Time (m) 

k-NN 3.8 2.1 

SVM 2.4 1.1 

ELM 1.9 0.84 

KELM 1.7 0.61 

 

 The KELM consumes minimal time period for predicting the disease and 

training as well. This work relies on statistical features and hence, the 

processing efficiency is better, which results in minimal time consumption. 

 The results of the proposed work are compared with the existing works 

and the results are discussed as follows. 

 

4.2 Performance Analysis against Existing Approaches 
 
 Different existing heart disease prediction system such as hybrid 

machine learning [24], intelligent disease prediction [25], decision tree based 

system [26] are considered for performance comparison and the results are 

illustrated in figure 2. 

 
Fig.3: Experimental results comparison with existing approaches 
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The experimental results attained by the proposed approach are 

compared with the existing heart disease prediction systems. The 

performance of the proposed work is better, owing to inclusion of statistical 

features and the KELM classifier. The false positive and false negative rates 

are minimal, such that the proposed work shows increased precision and 

recall rates. The time consumption of the proposed work is measured and 

tabulated in Table 2. 

 
Table 2: Time consumption results of the disease prediction systems 

 

Technique Training Time (m) Prediction Time (m) 

Decision Tree 

[26] 

3.2 1.9 

Intelligent 

System [25] 

2.9 1.6 

Hybrid ML [24]  2.6 1.3 

Proposed 1.7 0.9 

 

 From the attained results, it is clear that the proposed work performs 

better than the existing approaches and is proven with the experimental 

results shown in this section. Hence, the proposed work predicts the disease 

with least false positive and false negative rates, while showing minimal time 

consumption.  

 

5 Conclusions 
 
 This article presents a cardiovascular disease prediction system, which 

relies on the Big Data processing framework and cloud computing 

environment. The complete work is organized into three significant phases 

such as data pre-processing, feature extraction and disease prediction. This 

work is based on statistical features meant for both standard benchmark 

dataset and real-time data. KELM classifier is applied to predict the 

occurrence possibility of the disease and redirects the same to the healthcare 

worker. The performance of the work is analysed and compared with 

different existing approaches. In future, this work can be extended by 

utilizing Internet of Things (IoT). 
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