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Abstract: Heart and stroke disease diagnosis is an important research in healthcare industry at an earlier stage.
The heart disease and stroke prediction is enhancing in research, it becomes important to classify the features
in an effective means to the readers. The combination of rough set theory with the fuzzy set is used to predict
the heart disease. However, the analysis to find relevant attributes for prediction of heart disease remained
unsolved. In order to improve the heart and stroke disease diagnosis, an efficient Chi Squared based Predictive
Neural Classifier (CS- PNC) technique for Heart and Stroke Disease Diagnosis is developed. The main aim of
the work is to construct a neural classifier model for effective diagnosis of stroke disease and heart disease by
learning from the different attributes that has been extracted from the medical dataset. The CS- PNC technique
consists of two stages for diagnosing the diseases at an earlier stage. Initially, the preprocessing is done using
chi squared test. A chi-squared test is the statistical sampling distribution of the test when the null hypothesis
is true. From that, the relevant features are extracted and reduced the irrelevant features (i.e. attributes) to
perform the classification for effective disease diagnosis. The classification is performed using Predictive neural
network classifier with the extracted relevant features. This helps to improve the classification accuracy for
efficient disease diagnosis. Experimental results shows that the proposed CS- PNC technique obtains the better
performance in terms of classification accuracy, classification time, error rate and sensitivity using heart disease
dataset and stroke disease database compared with two state-of-the-art works.
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INTRODUCTION Rough Fuzzy Classifier [1] was designed to predict

Classification model has received large attention in fuzzy set. However, the relevant attributes extraction for
any domain of research and also a reliable tool for medical heart disease prediction remained unsolved. A Hybrid
disease diagnosis. The domain of classification model is Fuzzy Wavelet Neural Network and Teaching Learning
used in disease diagnosis, disease prediction, bio Based Optimization Algorithm (TLBO- FWNN) was
informatics,  crime  prediction and so on. However, an designed in [2] for heart disease diagnosis. However, an
efficient disease diagnosis model and the accuracy of efficient disease diagnosis is difficult issue and also the
computer-aided decision support system based on data classification accuracy is not improved at a required level.
mining has received attention from various researchers in A Support Vector Machine (SVM) classifier was
order to easily diagnose disease at an early stage. designed  in  [3]  and  logistic  regression  for  obtaining
Therefore, the various data mining techniques were the high accuracy and perfect diagnosis of Parkinson
introduced to diagnosis the disease with the help of Disease (PD). However, an accurate diagnosis is very
literature. critical  as  misdiagnosis as  PD  may  guide  to redundant

the heart disease that combined rough set theory with the
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medical examinations and therapies and related side- algorithm for major life insistent diseases. The CS- PNC
effects. A decision-tree algorithm was designed in [4] for technique performs the synaptic weight updating using
effective and efficient classification of diseases and predictive neural network classifier.
selects the minimal attributes in heart disease diagnosis. A  regional  manifold  was   presented   in   [13]  as
But the higher classification accuracy is not achieved. low-dimensional descriptors of high-dimensional

In [5], a machine learning of CT images predicts the morphological image features, a classifier used to
stroke thrombolysis using support vector machine. categorize regions affected by disease. However, the
However, an efficient prediction is remained unsolved. classifier based on regional manifolds is not particularly
The justification of neural network and genetic algorithm used for heart disease diagnosis. The proposed CS- PNC
was designed in [6] using hypothetical data of patients for technique overcome this limitation and improves the heart
stroke disease prediction and diagnosis. However, the disease diagnosing accuracy.
overall predictive accuracy is not increased at a required Ant colony optimization was designed in [14] for
level. improving the classification accuracy. However, the

 Electrocardiographic abnormalities and cardiac effectiveness  of  this  approach   is   not   verified.  The
arrhythmias were mentioned in [7] noted after severe CS- PNC technique improves the classification
stroke. However, the neurological structures are not performance result and it shows their effectiveness. 
involved in autonomic control and risk factors for A predictive model was designed in [15] with Naive
ventricular arrhythmogenesis after acute stroke. A Bayes and genetic algorithm for heart disease detection
multilayer perceptron with back-propagation algorithm using machine learning and data mining techniques.
and k-nearest neighbor algorithm was introduced in [8] for However, it is difficult to improve the higher classification
prediction of heart disease based on feature selection. accuracy and to build a model that can predict particular
However, an efficient diagnosis the disease is difficult at heart disease.  This  problem  is   recovered   by  using
an earlier stage. CS- PNC technique through the neural network classifier.

An ensemble classifier was introduced in [9] which An Evolutionary Multiple Kernel Support Vector
utilize majority vote-based method for heart disease data Machine (EMK-SVM) based on genetic algorithm was
classification and prediction. However, the classification designed in [16] to classify stroke patients and healthy
and prediction is not efficient using ensemble classifier. A controls. However, the measurement of error during the
new hybrid feature selection-classification model was classification is remained unsolved. This is addressed by
designed in [10] for the development of classification CS- PNC technique.
models. The K Nearest Neighbor (KNN) classifier was

Related Works: Due to rising in world’s population, the algorithm for pattern recognition in classification based
health care corporation facing several challenges and on nearest neighbor. However, the disease identification
issues based on patient’s severity and detects the disease is a major risk factor. The proposed neural network
at an earlier in a more effective way. Therefore, the various classifier performs the effective classification for
data mining techniques are used to analyze and extract improving the disease. 
data using different algorithms in order to discover The preprocessing operations measured comprise the
unknown patterns in the process of knowledge discovery. discretization of numeric attributes and the classification

A hybrid associative classifier was designed in [11] is performed using ant colony optimization. However, it
for output patterns called one-hot vector and more failed to predict the various disease classifications such
dominant voting through the classification process. as cancer, stroke, etc. The proposed CS- PNC technique
However, the time during the classification is remained is more effectively used for diagnosing the heart and
unsolved. The proposed chi squared based neural stroke disease through the neural network classifier. 
network classifier performs the efficient classification with A natural language processing method was designed
minimum time. in [19] to process a huge collection of medical narrative

In [12], neural network was generally used for descriptions extracting features that can be consequently
predicting heart diseases diagnosis using neural network used for automatic classification of stroke disease.
and genetic Algorithm. But it does not consider the However, it does not include additional values to find the
weight updating and also failed to use prediction different  types  of stroke disease. The CS- PNC technique

introduced in [17] for highly efficient and effective
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improves the classification accuracy for correctly input layer which has the input neurons and sends data
diagnosing the disease. A Rough Set method with Back through synapses to the next layer of neurons and then
Propagation Neural Network (RS-BPNN) was designed in using more synapses to the third layer of output neurons.
[20] to classify the clinical dataset. However, it failed to In the nervous system, a synapse is a construction that
experiment with many more datasets. The CS- PNC allows a neuron to transmit an electrical or chemical signal
technique experimented with different dataset Statlog to another neuron. The complex system has an extra layer
heart disease dataset and stroke disease database for of neurons for processing. The synapses store factor is
diagnosing the disease. known as “weights" that control the data in the

The issues are mentioned above literatures such as computations. Weightings are assigned to the signals
difficult to handles the disease diagnosis, lack of transferring from one neuron to another and these
accuracy, higher classification time and difficult to find weightings are adjusted in the training phase to adapt a
relevant attributes for disease prediction. In order to neural network. This neural network function mostly
overcome the above issues, an efficient Chi Squared applied for pattern recognition in order to identify the
based Predictive Neural Classifier for Heart and Stroke disease. The neural network applied for prediction,
Disease Diagnosis technique is developed. classification or control in a broad range of fields such as

The objective of the research work is organized as finance, neuroscience and medicine.
follows, In health care domain, the neural network classifier is

To improve the heart and stroke disease diagnosis, earlier stage. Therefore, the Chi Squared based Predictive
an efficient Chi Squared based Predictive Neural Neural Classifier (CS-PNC) technique is introduced for
Classifier (CS-PNC) technique is introduced diagnosing the disease effectively. A chi-squared test
To extract the relevant features and reduced the also known as  test. A few statistical hypotheses
irrelevant features, a statistical sampling distribution provide sampling distribution of the test is a chi-squared
test (i.e. chi squared test) is introduced to perform the distribution. The predictive neural classifier provides the
classification for effective disease diagnosis. effect of predicting the classification result for diagnosing
To improve the classification accuracy and error rate, the disease. The following diagram clearly illustrates that
Predictive neural network classifier is designed. the processing of the CS-PNC technique.

The  rest  of  the  paper  is  categorized   as  follows: diagnosis using neural network classifier. The above
In Section 2, the proposed Chi Squared based Predictive figure clearly illustrates that the processing is carried out
Neural Classifier (CS-PNC) technique is explained with with the patient data. The patient related data are taken
neat diagram. In Section 3 Experimental settings are from two different data sets such as Heart disease dataset
presented with detailed analysis of results are explained and Stroke disease database available in UCI repository.
in Section 4. In Section 5, introduces the background and The patient information is collected with the help of two
reviews the related works. The conclusion of the paper is different datasets and also identified the disease
presented in section 6. efficiently.

The proposed CS- PNC technique uses the two
Chi Squared Based Predictive Neural Classifier for processing steps for predicting the disease at an earlier
Heart and Stroke Disease Diagnosis: A neural network stage. The preprocessing is done with the help of chi
consists of the neurons, organized in layers which change squared method. The chi squared test is the statistical
an input vector into some output. Each neuron takes an sampling  distribution  which  helps  to   select  the
input, applies a function to it and then passes the output relevant feature for efficient classification. Then the
on to the next layer. In general, the networks are defined classification is performed using predictive neural network
to be feed-forward: a neuron feeds its output to all the classifier for diagnosing the heart disease and stroke
neurons on the next layer, but there is no feedback to the disease effectively. Therefore, the CS- PNC technique
previous layer. The interconnections among the neurons extracts the features from stroke and heart dataset for
in the various layers are constructed. Let us consider, the diagnosing the disease which serves as inputs for
system has three different layers. The primary layer is the classification.

used in order to predict the heart and stroke disease at an

2

Figure 1 shows the flow diagram of efficient disease
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Fig. 1: Flow diagram of disease diagnosis using PNC-HSDD technique

Fig. 2: Preprocessing using chi squared test given below.

Preprocessing for Extract the Relevant Feature: Data I = (O ,Attr C) (1)
preprocessing is a data mining technique that involves
transforming unprocessed data into a reasonable The information system table ‘I’ is expressed with
arrangements. In general, the real-world data is frequently finite set of object ‘O ’ (i.e. stroke and heart disease
imperfect, inconsistent and lacking in definite behaviors dataset), ‘Attr’ representing the set of attributes (present
or trends and is likely to include many errors. Therefore, in stroke and heart disease dataset) and class label ‘C’
the data preprocessing is an established method for (stored in the form of class vector).
solving such types of issues. Pre-processing includes The chi squared method selects features which is
normalization, transformation and feature extraction and relevant to the class vectors and filter out the rest of the
selection process to improve the system performance. features. While identifying the most relevant features, the
Therefore the feature selection is one of the major steps chi-squared distribution in the CS- PNC technique
to be followed for reducing classification time for disease minimizes the redundancy among the selected attributes.
diagnosis. The extracted features are stored in an attribute To measure the similarity between two features and the
matrix for time consuming process. class vector, the CS- PNC technique uses mutual

The proposed model performs the preprocessing information and is expressed as given below.
using chi squared test aiming at reducing the Let us consider the discretization factor ‘ ’ using
classification time and space complexity. The chi squared interval measured in the proposed model makes an
test is the statistical sampling distribution test which is accurate number of intervals, therefore changing the
used to find the correlation relationship between two continuous data values into the discrete values and is
attributes for reducing the redundant features to identify expressed as given below,
the disease at an earlier stage.

Figure 2 illustrates the preprocessing using chi (2)
squared test for extracting the redundant attributes and
detected by chi-square method. A chi-squared method
also known as  test is a few statistical hypothesis (3)2

analysis where the sampling distribution of the analysis

value is a chi-squared distribution when the null
hypothesis is true. A chi-squared test is also used to
perform rejection of the features that are irrelevant.
Therefore, the chi squared method is applied for extracting
the relevant attribute and reducing the redundant attribute
for obtaining the preprocessed data. Let us consider an
information  system  table  represented  in  the  form of
two dimensions and applied to the CS- PNC technique.
The CS- PNC technique shows the number of objects in
row whereas the column shows the values of the
attributes and class label of the objects. It is expressed as

b

b

2
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From (1), (2), (3), the discretization factor ( ) is the observed values and those expected theoretically. The2

difference between ‘O ’ that corresponds to the two expected and observed variation is large and then theij

features that related with the heart and stoke disease in features are irrelevant then it rejects the redundant
‘ith’ interval, ‘jth’ class and the expected count ‘Eij’. The features. This helps to select the high level features to
expected count is measured as given below. diagnosis the heart and stroke disease.

(4) Predictive Neural Network Classifier: Once the relevant

From (4), the expected count is obtained by the classification is performed through the predictive neural
product of two features in the ‘ith’ interval and jth class network classifier in CS- PNC technique. The Predictive
with respect to the total number of patients ‘N’. Larger Neural Network classifier uses the human neuron on a
value of  is the more likely the attributes that related to system. The human brain contains hundreds of billions2

diagnosis the disease. The chi-square measures the interconnected neurons. The neurons are interconnected
variation between collected counts and expected counts. to form a network for transmitting the information’s with
If the variation is large, it provides a significant change other layer via electric and chemical signals. If the
and it allows rejecting the redundant attributes. If the connection between two neurons is strong, the
scores of the two features are too close, then it is transformation is carried out from one neuron to another.
conclude that they are basically the relevant features. This is used to develop a system for performing the

For each features from heart and stroke disease activities of the human brain. Therefore, this predictive
dataset, the chi squared pre-processing algorithm neural network classifier is a multilayer network which is
evaluates the discretization factor and then modified made up of input layer neurons, hidden neuron and
factor based on the equivalence measure aiming at output neurons.
reducing the relevant attributes. This helps to Back propagation neural network is a supervised
considerably reduce the classification time. The learning and it is the most recognized neural network
algorithmic description of pre-processing using chi since it is simple to classify the patient who’s suffered
squared method is shown below. from the disease or not. Back propagation neural network

Input: Set of features ‘A’, B, class label ‘C’, objects ‘O ’ , propagating its weight changes from the one layer tob

number of patient another. The optimal aim of this neural network classifier
Output: Obtain the relevant feature and reduce the consists of minimal error during the classification.
redundant feature Back propagation is constructed with three different

Step 1: Begin layer. During propagation, the patterns to be learned by
Step 2: For each attributes in objects the network are input through the neurons in the input
Step 3: Measure the discretization factor using (2) and (3) layer. The neurons in the input layer are verified through
Step 4: Obtain the relevant attributes the number of attributes required for performing the
Step 5: Remove the redundant attributes disease diagnosis. The output from the input layer is
Step 6: End for passed through the synaptic weight to the hidden layer.
Step 7: End The hidden layer is a processed layer which is

Algorithm 1: Pre-processing using algorithm using chi The activation function uses a sigmoid function because
squared method of its soft switching process. The structure of the neural

The above algorithmic steps used for obtaining the Figure 3 clearly illustrates that the structure of neural
relevant attributes from the more attributes in the dataset. network with three different layers such as input layer,
For each attributes, the similarity between two attributes more hidden layer and output layer. In the neural network,
is measured using chi squared method. The higher value every node from input layer is linked to a hidden layer and
of , provides the more related attributes and it provides each node from hidden layer is connected to an output2

the statistical distribution. It is a statistical method layer. Generally, there is a different weight connected with
evaluating the perfection of robust between a set of every connection.

attributes are obtained using preprocessing method, the

is a learning technique that changes its weight by

layers which are input layer, hidden layer and output

constructed with sum function and activation function.

network is shown below,
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Fig. 3: Structure of neural network classifier

Fig. 4: Processing diagram of activation function

The input layer represents patient information (i.e. activation function. The activation function used is
attributes from heart disease and stoke disease dataset) sigmoid function because of it combines nearly linear
that  is  fed into the neural network for diagnosing the performance, curved behavior and nearly constant
disease. This process of neural network is never changing behaviors depending on the input value. A sigmoid
its values. Each input to the neural network is forwards to function is a statistical function which having the "S"
the nodes in hidden layer. The Hidden Layer obtains the shaped curve as a sigmoid curve. A sigmoid function
patient  information  from the input layer. It utilizes the always lies in the finite ranges at negative infinity and
input values and adjusting them using some weight value positive infinity, while the output can only be a number
(w ). This new value is transfer to the output layer but it between -1 and 1. The sigmoid function is expressed asij

is modified by some weight from connection between follows,
hidden and output layer. Output layer process information
received from the hidden layer and produces an output. (5)
This output is than processed by using activation
function. From (5), sigmoid function (x) is derived. In hidden

Figure 4 shows the processing diagram of activation layer, product of the input patient information from the
function. The hidden layer is a processed layer which input layer with the weight between input layer and
consists of two function such as sum function and hidden layer are summed using SUM function. The SUM
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is collection of the output nodes from hidden layer that defined as the error multiplied with the input. Therefore,
multiplied with the weights assigned to the each input the new weight is defined as,
value to obtain a single number and put through sigmoid
function (activation function). Then a new weight among W  = W  + W (10)
the hidden layer and the output layer transferred from
hidden layer output to the output layer. The output layer The above waiting function is used for measuring the
is the processing unit which has summation function and weight value; therefore, the new weight is derived as
activation function. In output layer, the multiplication of follows,
the activated output of the hidden layer and the synaptic
weight between the hidden layer and output layer is W  = W  +  X (11)
summed up using summation function. Then it is
transferred to the activation function for selecting final From (11), the new weight is derived based on
output using threshold value of the activation function. original weight is added with updated synaptic weight.

The output of the network is compared with the Therefore, the predictive neural network classifier used in
target for measuring the error rate. The error is measured CS- PNC technique to improve the classification for
as, identifying the heart disease and stroke disease. The

Error (E) = Desirved output value (D ) – Actual output determine the best number of neurons that helps toR

value (O ) provides the better classification. There are two functionsv

(6) used in the hidden neurons, summation of the synaptic

This error value then passed backward to the input function used in this classifier as sigmoid transfer
from the output through updating the synaptic weight. function to solve complex problems during the
This process is frequently carried out until the error is classification. Finally, the output layer produces the target
reduced during the classification. Therefore, the learning output value for predicting the heart disease and stroke
rate and momentum rate are introduced for gradient fall to disease present or absent in a patient. The neural network
find the weight that minimizes the error. The error rate classification algorithm is explained as follows,
between the output layer and hidden layer are measured
as follows, Input: Preprocessed attributes (i.e. high level features ),

E = D  – O Output: Improve disease diagnosis rateR v

 = E O  (1 – O ) (7) Step 2: Initialize the neural network with random weightsv v

 = (D  – O ) O  (1 – O ) (8) Step 4: Compute the required activation rate output R v v v

From (7), (8), error rate is calculated and by compared Step 6: For each weight 
the target value. D  is the desired output neuron value, O Step 8: Update the synaptic weight using (9) between theR v

denotes  the  activation  value  using   sigmoid  function. hidden and output layer
O  (1 – O  is the derivative of the sigmoid function in Step 9: End forv v

hidden layer. Then, the synaptic weight is measured is Step 10: while (stop condition is met)
expressed as follows; Step 11: if the activation output value is -1 then 

W  = X (9) Step 13: elseyz

From (9), Wt  is the updated synaptic weight Step 15: end ifyz

between the output layer and the hidden layer,  is the Step 16: end for
learning factor which is a comparatively small constant Step 17:End
that specifies the relative change in synaptic weights and
input (X). Therefore the updated synaptic weight is Algorithm 2: Predictive neural network classifier

y,z y,z y,z

new y,z

number of neurons (i.e attributes) in the hidden layer is to

weight and the activation function. The activation

learning rate, 

Step 1: Begin 

Step 3: For each training attributes, do

Step 5: Measure the error rate using (6)

Step 12: Identify the disease in patient 

Step 14: The patient is normal
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Table 1: Tabulation for Statlog heart disease dataset 
Attribute Description Domain value
Age Age in years 29 – 77
Sex Sex [1, 0]
CP Chest pain type [1, 2, 3, 4]
Trestbps Resting blood sugar 94 to 200mm Hg
Chol Serum Cholesterol 126 to 564mg/dl
Fbs Fasting blood sugar >120mg/dl ,True (1),False (0)
Restecg Resting ECG result [0, 1, 2]
Thalach Maximum heart rate achieved 71 to 202
Exang Exercise induced angina [1, 0]
Oldpeak ST depression induced by exercise relative to rest 0 to 6.2
Slope Slope of peak exercise [1, 2, 3]
Ca Number of major vessels coloured by fluoroscopy [0 to 3]
Thal Defect type [3, 6, 7]
Num Heart disease 0 – 4

Table 2: Description of stroke disease database (Baseline variables from International Stroke Trial Database)
Attribute Domain value
Age 29 – 77
Sex [1, 0]
Arthritis [1, 0]
Hypertension [1, 0]
Heart disease [1, 0]
Diabetes [1, 0]
Alcohol Regular or occasional drinker, No drinks past 12 months
BMI class (Normal, Overweight, Obsese )
Smoking status (Never, Smokes Daily, former smoker)
Physical activity (Inactive, Active, Moderate)

The  above  step  by  step  process of predictive perform the experiments. The dataset details for
neural network classifier is shown in above algorithm. conducting experiments in CS- PNC technique is provided
Initially, the neural network is constructed with random in Table 1 and Table 2. 
weights. For each training attributes, the error rate is The above two dataset are used to perform the
measured for updating the new weight in back experimental evaluation for improving the disease
propagation of classifier in order to obtain the activation diagnosis. The CS-PNC technique is compared with
output. The output of the activation is concluded the existing Rough Fuzzy Classifier [1] and TLBO-FWNN [2].
disease  present  in  the  patient.  In CS- PNC technique, The experiment is conducted on the factors such as
the sigmoid function is used as an activation function. classification accuracy, classification time, error rate and
This produces the required output for disease diagnosis sensitivity with respect to number of patients.
according  to  the  attributes  present   in   heart  and
stroke  disease  dataset. If the activation produces the Result Analysis: The result analysis of Chi Squared
output as -1, the disease is identified. Otherwise  the based Predictive Neural Classifier (CS-PNC) technique
absence  of  the  disease is recognized. The Predictive with existing Rough Fuzzy Classifier [1] and TLBO-FWNN
neural network classifier algorithm classifies the patient [2]. The performance result is carried out with the different
who suffered from the heart disease and stroke disease parameter classification accuracy, classification time, error
through the activation function resulting classification rate and sensitivity compared to the state-of-the-art
accuracy is increased. PNC algorithm improves the works. Performance is measured based on following
classification performances by using the obtained high- metrics with the help of tables and graph values.
level features.

Experimental Settings: An efficient Chi Squared based accuracy is defined as the number of patient (i.e. different
Predictive Neural Classifier (CS- PNC) technique is patterns are collected from different patient) correctly
experimented using java language. The two different classified the disease patient to the total number of
datasets namely Statlog heart disease dataset and Stroke patient. The mathematical formula for classification
Disease dataset are extracted from UCI repository to accuracy is defined as follows,

Impact of Classification Accuracy: The classification
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Table 3: Tabulation for classification accuracy
Classification accuracy (%) for heart disease dataset Classification accuracy (%) for stroke disease database
------------------------------------------------------------------------- ---------------------------------------------------------------------------

No. of patients CS-PNC Rough Fuzzy Classifier TLBO-FWNN CS-PNC Rough Fuzzy Classifier TLBO-FWNN
5 96.58  86.25 79.35 94.98 84.64 77.58
10 94.37 84.20 77.89 92.21 82.35 75.86
15 92.10 82.68 75.86 89.10 80.12 73.43
20 90.45 79.35 73.68 87.64 78.54 70.48
25 88.33 78.32 70.12 84.20 76.85 68.10
30 86.58 76.41 69.57 80.32 74.10 65.45
35 84.17 74.10 67.45 79.35 72.65 63.78
40 81.20 72.58 65.85 77.44 70.38 62.35
45 78.64 70.85 63.47 75.87 68.64 60.48
50 75.28 68.32 62.49 73.58 65.32 58.64

Figure 6 depicts the classification accuracy using

(12) are collected from various patients in order to perform the

From (12),   Where ‘CA’   denotes   the figure clearly illustrates that the better improvement in
classification accuracy measure with respect to number of classification accuracy using chi squared based predictive
patient’s correctly classified the stroke and heart disease, neural classifier. Initially, the preprocessing is performed
to the total patients considered for experimental for selecting the relevant feature (i.e. attributes) through
evaluation. the chi squared method. The preprocessed features are

Table 3 describes the three methods namely CS-PNC used for classification for efficient disease diagnosis. The
technique,  Rough  Fuzzy Classifier [1] and TLBO-FWNN predictive neural classifier is applied in CS- PNC
[2]. From the table, the classification accuracy is measured technique for classifying the patterns accordingly for
with two different dataset heart disease data set and disease diagnosis. This helps to improve the classification
stroke disease database with respect to 50 different accuracy using CS- PNC technique by 10% and 19%
patients. The different patterns (i.e. patient information) compared to existing methods Rough Fuzzy Classifier [1]
are collected from the various patients. The table value and TLBO-FWNN [2] respectively.
shows that the classification accuracy is higher using
heart disease dataset. Impact of Classification Time for Disease Diagnosis:

Figure 5 illustrates that the classification accuracy Classification time is defined as amount of time required
measurement using heart disease dataset with respect to to classify the attributes for disease diagnosis based on
number of patient. While increasing the number of patient, the number of patients taken for experimental
the classification accuracy gets reduced in all the consideration. The mathematical formula for classification
methods. But comparatively, the Chi Squared based time for disease diagnosis is expressed as follows,
Predictive Neural Classifier (CS- PNC) technique provides
the gradual improvements. This is because; the predictive C  = No. of patients * Time (classify the diseasde) (13)
neural network classifier is applied in CS- PNC technique.
The  Predictive  neural network classifier algorithm From (13), the Classification time (CT ) is defined
correctly classifies the patient who suffered from the heart with respect to number of patients and time to classify 
disease and stroke disease with the help of the activation the disease.
function. The activation function uses the sigmoid Table 5 describes the classification time for disease
function for producing the output of the neural network diagnosis with three different methods namely CS- PNC
classifier. If the function produces the positive output technique, Rough Fuzzy Classifier [1] and TLBO-FWNN
then the there is no disease present in the patient. [2]. The table clearly describes the performance results of
Otherwise, the presence of the diseases is identified two different dataset such as heart disease and stroke
resulting improves the classification accuracy. The disease dataset. The different dataset has different set of
classification accuracy is increased by 11% and 19% values. This helps for recognizing the disease efficiently.
compared to existing Rough Fuzzy Classifier [1] and The classification time is measured using below graph
TLBO-FWNN [2]. along with the tabulated value.

stroke disease database based on the number of patients.
For the experimental consideration, the different patterns

classification for diagnosing the disease. Therefore, the

time

ime
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Fig. 5: Measure of classification accuracy using heart disease dataset

Fig. 6: Measure of classification accuracy using stroke disease database

Fig. 7: Measure of classification time using heart disease dataset 

Table 4: Tabulation for classification time
Classification time (ms) for heart disease dataset Classification time (ms) for stroke disease database
------------------------------------------------------------------------- ---------------------------------------------------------------------------

No. of patients CS-PNC Rough Fuzzy Classifier TLBO-FWNN CS-PNC Rough Fuzzy Classifier TLBO-FWNN
5 5.32 5.12 6.12 6.34 5.68 7.10
10 6.14 8.24 9.65 7.45 8.15 10.35
15 8.36 10.54 11.23 9.26 12.52 13.25
20 10.12 13.47 14.35 11.23 14.75 16.85
25 12.35 15.68 17.54 13.58 17.34 19.54
30 14.57 17.52 18.46 15.41 19.65 21.25
35 15.20 20.10 22.52 17.36 23.32 24.65
40 17.28 22.65 24.58 19.65 24.56 28.52
45 20.12 24.71 26.87 22.14 27.45 30.24
50 22.14 28.60 30.12 23.45 30.12 32.65

Figure 7 shows the classification time for disease methods in linear manner. But, the CS- PNC technique
diagnosis using heart disease dataset with respect to increases the classification accuracy performance with
number of patients. While increasing the number of minimum time. This is because; the chi squared test is
patient, the classification time is increased in all the used to perform rejection of the null hypothesis that the
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attributes are redundant. This helps for extracting the Classifier [1] and TLBO-FWNN [2]. It is measured in terms
relevant attribute and reducing the redundant attribute for of percentage (%). The following table and graph values
obtaining the preprocessed data. Therefore the are used to show the performance of error rate.
preprocessed attributes are used for classifying the Table 5 clearly describes the error rate with respect to
patient who’s suffered from disease or not. This number of patients. The error rate measurement is
classification is performed through the neural network obtained during the classification. The three different
classifier for diagnosing the disease effectively. methods are performed with two various dataset namely
Therefore, the classification time is considerably reduced heart disease dataset and stroke disease database
by 25% and 38% compared to existing Rough Fuzzy respectively. The performance value is tabulated and
Classifier [1] and TLBO-FWNN [2] respectively. shows their results with the help of the graph. 

Figure 8 clearly depicts the performance of Figure 9 clearly shows that the error rate
classification time using stroke disease database. The measurement with respect to number of patients using
figure clearly evident that the proposed CS- PNC heart disease dataset. This dataset is used to perform the
technique improves the performance result with minimum experimental evaluation for efficiently perform the
classification time. While increasing the number of classification. While increasing the number of patients,
patient, the classification time is increased in all the the error rate gets increased in all the methods. But
methods. This is because, the classification time is comparatively, the CS- PNC technique reduces the error
observed to be more using stroke disease dataset than the rate during the classification. This is because; the
heart disease dataset. For the experimental consideration, predictive neural network classifier is used in CS- PNC
the 30 patients are considered for performing the technique. The output of the neural network is compared
classification. While considering the 30 patient, the with the target in order to measure the error rate. This
proposed CS- PNC technique takes the classification time error value then passed backward to the input from the
is 14.57 using heart disease dataset whereas 15.41 ms output through updating the synaptic weight. This
using  stroke  disease  database.  This is because, the process is repeatedly carried out until the error gets
high-level features obtained using stroke disease minimized during the classification. Therefore, the error
database is higher than the heart disease dataset. The rate is reduced using CS- PNC technique by 14%
neural network classifier effectively classifies the patient compared to existing Rough Fuzzy Classifier [1]. In
who’s suffered from the disease. This obtains the addition, the performance of the error rate gets reduced by
maximum accuracy with minimum classification time. 28% compared to existing TLBO-FWNN [2].
Therefore, the classification time is reduced by 23%and Figure 10 clearly shows their performance results
39% compared to existing Rough Fuzzy Classifier [1] and using stroke  disease  database  with  respect  to number
TLBO-FWNN [2] respectively. of  patients.  The  figure  clearly  verifies that the error rate

Impact of Error Rate: The Error rate is measured using (6) the  error  rate  is  reduced  in proposed CS- PNC
during the classification. The error rate is measured using technique using stroke disease database. Due to, the
three methods  namely  CS-  PNC technique, Rough Fuzzy neural network classifier is applied in CS- PNC technique.

of the all the methods gets increased. But significantly,

Table 5: Tabulation for error rate

Error rate (%) for heart disease dataset Error rate (%) for stroke disease database
------------------------------------------------------------------------- ---------------------------------------------------------------------------

No. of patients CS-PNC Rough Fuzzy Classifier TLBO-FWNN CS-PNC Rough Fuzzy Classifier TLBO-FWNN

5 10.23 13.24 15.64 12.35 14.64 18.12
10 12.34 15.32 17.52 14.20 16.32 22.32
15 15.20 17.69 20.12 16.43 20.26 24.23
20 17.45 19.45 21.47 18.45 22.35 26.54
25 18.67 22.12 24.54 20.10 25.16 28.65
30 21.10 23.69 26.38 22.89 28.12 30.12
35 23.65 25.46 28.10 24.52 30.32 33.47
40 25.47 27.50 30.21 27.64 32.65 35.65
45 28.45 30.12 32.36 30.25 34.10 36.24
50 30.12 32.64 35.32 33.64 36.32 38.59
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Fig. 8: Measure of classification time using stroke disease database

Fig. 9: Measure of error rate using heart disease dataset

Fig. 10: Measure of error rate using stroke disease database

In PNC, the weight updating strategy is performed
through the back propagation method. During the (14)
classification, the error rate is measured and it reduced
using CS- PNC technique. This helps to improve the From (14), where TP – true positive which is the
diagnosis with stroke disease database. Therefore, the disease people correctly identified as sick and FN- false
error rate is reduced by 19% compared to existing Rough negative are the disease people incorrectly identified as
Fuzzy Classifier [1]. Therefore, the error is obtained during healthy.
the disease classification is reduced by 37% compared to Table 6 clearly describes that the sensitivity
existing TLBO-FWNN [2]. measurement with respect to number of patient. The

Impact of Sensitivity: Sensitivity is defined as the tabulated with different values. The sensitivity in heart
proportion of correctly identified patient as a sick. It is disease dataset provides higher result value than the use
measured in terms of percentage (%). Higher the of stroke disease database. The Figure 10 clearly
sensitivity more efficient the method is said to be. The describes that the performance result of heart disease and
mathematical formula for sensitivity is defined as follows, stroke disease database.

sensitivity values of the two different datasets are clearly
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Table 6: Tabulation for sensitivity
Sensitivity (%) for heart disease dataset Sensitivity (%) for stroke disease database
------------------------------------------------------------------------- ---------------------------------------------------------------------------

No. of patients CS-PNC Rough Fuzzy Classifier TLBO-FWNN CS-PNC Rough Fuzzy Classifier TLBO-FWNN
5 79.20 68.35 63.47 78.24 66.38 62.32
10 80.12 71.32 65.26 79.65 70.20 64.45
15 81.32 73.65 68.12 80.25 71.65 67.20
20 82.64 75.86 69.57 81.36 73.68 68.64
25 84.55 78.83 71.54 82.69 75.84 70.58
30 86.75 80.10 73.68 84.75 77.65 71.64
35 88.31 81.32 75.63 87.48 78.13 73.85
40 90.10 83.45 78.10 88.79 80.24 75.58
45 91.23 85.20 80.36 90.68 82.68 78.42
50 92.47 88.15 82.45 91.58 84.69 80.22

Fig. 11: Measure of sensitivity using heart disease dataset

Fig. 12: Measure of sensitivity using stroke disease database

Figure 11 clearly illustrates the sensitivity with three disease people is 10 and incorrectly classified people is 2.
different methods namely proposed CS- PNC technique, Therefore the sensitivity is obtained as 83% using heart
Rough Fuzzy Classifier [1] and TLBO-FWNN [2]. The disease dataset. This helps to show the proposed CS-
figure correctly shows their performance results with two PNC technique performance. Therefore, the sensitivity is
different dataset such as heart disease dataset and stroke increased by 8% and 15% compared to existing Rough
disease dataset. The heart disease dataset uses the input Fuzzy Classifier [1] and TLBO-FWNN [2] respectively.
features such as Age, Sex, Heart disease, Resting blood Figure 12 shows the performance result of sensitivity
sugar, Resting ECG result, Chest pain type and so on. using stroke disease database with respect to number of
These preprocessed features are used for classification patient. The various disease patterns are collected from
for diagnosing the disease (i.e.) the patient who’s suffered the different patient for performing the classification and
from the disease that is correctly identified. This process also improving the disease diagnosis efficiency. The
is efficiently carried out in CS- PNC technique for sensitivity measurement is depends on the true positive
improving the performance results. While considering the rate and true negative rate. In CS- PNC technique, the
20 patients for experiments, the correctly classified the sensitivity  is  used  to correctly classify the patient who’s
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suffered from the stroke disease. The various attributes by 32% using heart disease dataset and 31% using stroke
from the heart disease are Physical activity, Smoking disease database. Finally, the error rate is reduced using
status, Hypertension and so on. The proposed CS- PNC CS- PNC technique by 21% using heart disease dataset
technique effectively improves the performance results of and 28% using stroke disease database
sensitivity through the predictive neural network
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