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Abstract— Cardiorespiratory related illness is still a 

complex issue in the current population especially with patients 

in the elder age. Due to heart rate variability, several causes may 

results to wrong treatment and it leads to classification error. 

Cardiorespiratory problem is to detect the illness related to heart 

and respiratory system of the human body but it can be 

expensive, time-consuming, and uncomfortable, specifically by 

employing the machine learning algorithm. Cardiorespiratory 

information’s collected in terms of various factor on the patients 

during awake and sleep conditions. Many feature classification 

technique has been employed in order to class the cardiac and 

respiratory problem in terms of risk associated with patients and 

in order to improve the patient management. Learning 

difficulties and long computational process turns as major 

challenges for applicability on the patients. In this work, we 

proposed a novel feature selection method named as Ensemble 

Categorizer Method which is composed of Radial Basis Function 

– Support Vector Machine - Principle Component Analysis in 

order to discriminate the relevant features from dataset to 

construct reduced dataset  and to establish a subset as different 

classes for determination of long time variabilities and complex 

correlation index. The proposed approach has advantage in 

detection of relative changes. The dataset taken from uci-

machine repository, comprised of 76 attributes of heart and 

respiratory disease out of which we  considered 14 attribute for 

our work. The Simulation Results proves that proposed ensemble 

model outperforms other state of approaches in terms of 

accuracy and efficiency.  

 

Keywords— Medical Information System, Unsupervised 

Learning, Data Analysis, Ensemble Model, Cardiorespiratory 

System  

I.  INTRODUCTION  

 Cardiorespiratory information is gathered to estimate 

the fitness of the patients. Cardiorespiratory fitness (CRF) is 

associated with cardiovascular disease. Cardiorespiratory 

information classification has become active research area [1]. 

The Cardiorespiratory information has been associated with 

high risk cardiovascular diseases and mortality rates 

associated with cancer. Mostly Cardiorespiratory information 

is collected using various factors on the human being on the 

various states of the awake condition and sleep condition. 

Cardiorespiratory fitness evaluation recommends the lifestyle 

based strategies to reduce the cardiorespiratory related risk. 

The Information is collected by unobtrusive methods. 

Incorporating those information, supervised and unsupervised 

classifier has been employed to classify the risk of the patient 

in to various stages such as Support Vector machine, Markov 

Models [2]. Whereas the disadvantage of classifier is, it 

employs extensive set of features which are time consuming 

process. To mitigate issue on the single classifier, hybrid 

classifier has been utilized. In spite of many advantage in the 

hybrid model, it still lags in terms of processing time, noise 

and accuracy.  

 

                In this paper, we propose a Novel feature selection 

method named as Ensemble Categorizer Method which is 

encompasses Radial Basis Function (RBF) – Support Vector 

Machine (SVM) - Principle Component Analysis (PCA) in 

order to overcome that issue. The PCA provides the 

dimensionality reduction functionality and predicts the risk 

through correlation of the features [3]. Further the model 

assumes that features are discriminate among the patients 

under observation. Classification is conducted parallelly using 

ensemble classifiers to increase the rate of prediction [4].  

 

                 The remainder of the paper is organized as follows: 

Section II discusses the related works in cardiorespiratory 

information classification and its impacts against the 
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performing classification under feature reduction, Section III 

briefly discusses the proposed technique in terms of feature 

extraction technique and novel class prediction ensemble 

classifiers and Section IV presents the experimental results on 

a number of data sets. Section V discusses conclusions and 

future work.  

II. RELATED WORK 

There exist many techniques to classify the 

cardiorespiratory  problem that has been designed and 

implemented  efficiently. Each of these techniques follows 

some sort of class categorization, among those some 

techniques performs nearly equivalent to the proposed 

framework, which is described as follows 

A. Radial Basis Function and Kernel Support Vector Machine 

The hybrid technique has been proposed through 

integration of  RBF - SVM classifier and filter method 

(minimum redundancy maximum relevance criterion on 

mutual information). The classification is processed after the 

feature selection on Cardiorespiratory information [5]. Feature 

considered for classification is heart rate and blood pressure. 

The feature computed by RBF and SVM stands same. RBF 

and SVM both trained in single iteration. Classifier requires 

two parameters to train, namely, a cost parameter and 

regularization parameter in order to classify the information 

[6].  

 

III. PROPOSED MODEL 

In this section, we describe classifier which is an ensemble 

of RBF, SVM and PCA. The architecture of the proposed 

classifier is represented in the figure 1 as follows    

 

 
 

Figure 1: Architecture Diagram of Proposed Model 

    

A. Data Preprocessing 

 Data Preprocessing is carried out to remove the noisy data 

and filling the missing value as data cleaning process and 

followed by data transformation towards achieving 

normalization and aggregation of the data.   

 
1) Data Cleaning - Smoothing Noisy Data and Filling 

Missing Value: The  smoothing  noisy  data  is  carried  out 

using Moving  Average  method in order to eliminate the noise 

in the dataset as it raise due to random variation. It works by 

creating average for different subset of the full dataset as time 

series data. Filling Missing value is carried out using matrix 

factorization as it predicts the missing value accurately in 

terms of  Multivariate analysis [7].   

 

2) Data Transformation: It is carried out using 

normalization and aggregation. Usually the data is 

transformed into matrix form. The Normalization process is 

carried out using min- max Normalization. The min Max 

normalization is given by following equation.  

 

Min-max =  (New max data - New min data)    

 

B. Feature Selection and Reduction using Linear 

Discriminant Analysis 

 

It select the feature of the data which require two 

parameters to train, namely a cost parameter and 

regularization parameter. It determines the features which is 

discriminant on the multiple ranges. It  has been determined 

by assuming variables that are normally distributed. It works 

in terms of feature vectors which is to separate the feature 

based on the distance [8]. 

 

Algorithm: Linear Discriminant Feature Extraction 

1) Construct a New Neighbourhood by computing 

Euclidean distance for all data points. 

2) Estimate the local properties as weighted graph of the 

Neighbourhood. 

3) Estimate Distance for feature in the feature vector 

through Dijkstra’s Algorithm.  

 

C. Ensemble Classifier Model 

It is employed with Ensemble of PCA, RBF and SVM in 

order to discriminate the relevant features from dataset to 

construct reduced dataset in order to establish different 

classes. 
 

1) Support Vector Machine: SVM generate the class by 

determining the boundaries as support vectors and utilizes the 

hyperplane that maximizes the separation margin between the 

data concept of the Cardiorespiratory information  in terms of 

heart beat and blood pressure. Kernel function corresponds   to 

an inner product of expanded feature and, the obtained space 

linear classifier relies on dot product between vectors. 
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K (xi, xj) =xi
T
xj              

It  locates a separating hyper plane in the feature space and 

classifies points in that space. The kernel function plays the 

role of the dot product in the feature space. The SVMs are 

inherently biased toward the majority class because they aim 

to minimize the total error [9]. It carries the computation with 

single iteration. The Centre is given as input to Class 

determination.  

 

2) Radial Basis Function: RBF refers to generate the sub 

network to approximate the class represented in terms of 

probability density function. It is derived as kernel density 

estimation which is considered as threshold value to 

categorize the class with optimized parameter  [10]. RBF is 

four layer architecture inheriting Artificial Neural Network 

properties, which is as follows  

 

 Input Layer: It is organized as input dimensions 

which is further connected with pattern layer 

  

 Pattern layer: it is defined in terms of Gaussian 

Activation function. It is further connected to 

summation layer. 

  

 Summation Layer: It is combination of the distinct 

features of the pattern layer. 

 

 Decision Layer: This layer contains the final classes 

computed using the information from the summation 

layer.  

3)   Principle Component Analysis:  PCA  reduces further 

the dimensionality of the dataset which is represented as 

feature vector. It is considered as Multivariate method. The 

Cross products matrix has to calculate initially on every pair 

of the data points. The reduced feature vector is taken for 

classification in terms of correlation and covariance relation 

analysis on the cardiorespiratory information. The data is 

taken as coordinates to determine the variance of the instances 

to predict the class labels [11].  Correlation and Covariance is 

differentiated using the mean value which is considered as 

centroid.  PCA also utilizes the Euclidean distance for distance 

computation.  
 

 
TABLE I 

PERFORMANCE ANALYSIS OF THE METHODOLOGY AGAINST 

VARIOUS MEASURES 

 

 

Algorithm: Ensemble Classification 

 

Apply frequency for Feature creation. 

 

f1= Feature set 

 

    f1= T1, T2, T3... 

Class = f1, f2, f3 

Classes = c1, c2, c3 

 

Where T1, T2 and T3 is conceptually relevant features 

 

Update feature set f1 

 

Ensemble (f1) = IPCA(f1) + Knn(f1) + Em(f1) 

 

Class generation 

 

if  f4 ≠ c1/c2/c3 

 

Generate 

c4 = Novel class 

 

Else 

 

Group f4 into c1/c2/c3 

 

End if 

 

The learning model optimized using PCA is been utilized to 

RBF and SVM for further data classification.  

 

IV. EXPERIMENTAL RESULTS 

In this section, we describe the experimental analysis of 

the proposed  model against the existing models. The dataset 

taken from uci-machine learning repository [12], comprised of 

76 attributes of heart and respiratory disease out of which we  

considered 14 attribute (age, sex, chest pain type, old peak etc) 

for our work. The dataset contains both healthy and non health 

patients. 

A. Performance Analysis 

In this Section, we analyses the performance of the 

methodology against various metric to compute its efficiency 

and accuracy. The Principle component analysis performs 

easy computation using Eigen value and Eigen vectors. Eigen 

value carries the variance. Utilizing the eigen value and 

Euclidean distance, the variance and cumulative variance is 

computed separately. The SVM and RBF is instance based 

classifier. It utilizes the processing of the principle component 

analysis. The performance measure utilized in as follows  

 

 

 

Technique Precision  Recall Computation 

Time  

Ensemble 

(RBF+SVM+PCA)- 

proposed  

0.90 0.82 10ms 

Hybrid 

(SVM+RBF) 

0.76 0.72 17ms 
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 Precision 

Precision is determined as the proportion of the true 

positives against both true positives and false positives output 

for interruption and the real features in described in the figure 

2 and Table I. 

 

The feature reduction mechanism using PCA reduces the 

feature space in order to increase the f measure value. Feature 

space reduction is also parallelly decreased the processing 

time of the class prediction on the risk stage of the cardiac and 

respiratory problems.  

 

The performance of the Ensemble Classifier is 

significantly higher than Hybrid Technique. Decision layer on 

RBF is optimized on the PCA  learning process. 

 
Figure 2: Performance Analysis of the Methodologies 

As illustrated in the figure 2, the precision computed to 

measure its accuracy of 90% and above to the proposed 

classifier. It produces high rate compared with state of 

approaches due to incorporation of multiple fitness constraints 

and correlation index value. The proposed classifier reduces 

the error and it produces high classification frequency 

measure.  

V. CONCLUSION 

  We designed and implemented the ensemble Method for 

classification of cardiorespiratory information’s. The PCA  

leads to dimensionality reduction and missing value prediction 

is processed using matrix factorization. Ensemble Classifier 

improves the performance of the cardiorespiratory 

classification for different characteristic of the human 

environment. Additionally the proposed model is computed 

against different dataset with wider range of population. The 

performance of the system is computed using precision, Recall 

and F measure to compute accuracy of the system. As future 

work, we wish to include embedded cross fold validation to 

measure the performance of the system through interchanging 

of the features.  

. 
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