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ABSTRACT
Diabetes also called as diabetes mellitus is a health issue which affects more people in a world. Diagnosis of diabetic problem depends on different
parameters and requires experience or good algorithm to classify it optimally. Many researchers have found different classification algorithms to
diagnose this health issue with promising results. In this paper, combinations of whale optimization algorithm and backpropagation neural network
methodology are integrated to diagnose diabetes mellitus. This proposed method supports high convergence speed and improved accuracy. Due to this
combination, local minima trapping problem which affects the quality of the solution is totally reduced. In the proposed methodology, Whale
optimization technique develops new solutions in solution space and backpropagation algorithm finds the globally optimal solution. Experimental
analysis compares the proposed methodology with other algorithms and finally concludes the proposed algorithm outperforms other methodologies.
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INTRODUCTION
Diabetes is a collection of diseases which related with metabolic
action. Due to this disease a person may have high blood
glucose. Reason for the presence of such glucose may be
inadequate insulin production or poor respond by body cells for
insulin1. Diabetes is classified into two major types. First one is
type – 1 in which the pancreas of body stops the production of
insulin. In the type – 2 diabetes mellitus, body fails to use the
insulin effectively which means that poor responding of body
for insulin produced by the body. At the later stage of type – 2,
the situation where body fails to produce enough insulin may
occur. Another form of diabetes is gestational diabetes. This
form of diabetes occurs on pregnant women. The women should
not have the previous diabetes history. As per statistics of
International Diabetes Federation, 415 million people have
diabetic problem till the year of 20152. So diabetes requires
advanced technique for identifying the diabetes based on
symptoms.
Data mining is defined as deriving meaningful knowledge or
information from available huge data sets. Clustering and
classification are two important data mining techniques which
can be used to analysis the different sets of data and to attain
meaningful conclusion at the final. Classification a supervised
methodology in which assigning the different objects or groups
to suitable classes3. In the classification algorithm, two phases
are available for successful classification. First one is model
construction and second one is model usage. Learning process
from the available dataset is carried out by first stage. Classifier
constructed using the above first phase. Classifier holds the
available sample data with their corresponding labels. In the
second phase, test data of the problem involved to estimate
accuracy of the classifier. If the accuracy is required level, then

classification rule can be used for newly entered data. Data
mining techniques can improve quality of decision making,
delivery method of health care and enhance the organization of
disease relevant data4. Data processing and retrieving
information from medical relevant data requires more accuracy
supporting techniques to avoid major problem on human health.
That is the main reason of applying data mining techniques for
processing diabetes classification problem.
The main objective of the proposed algorithm is to label all
available patient data based on their diabetes predicting
attributes. In this paper, Pima Indians Diabetes Data set is used
as training and testing data set. All the experiments are carried
out using this and comparisons have been made with different
algorithms. The remaining paper is organized as follows.
Section 2 provides the detailed discussion on problem. It
discusses with objectives, parameters and characteristics of the
problem. Section 3 deals with literature survey related to
diabetes classification problem and other optimization algorithm
based classification problem. Section 4 will explain the working
methodology, characteristics and merits of proposed algorithm.
Section 5 will give detail analysis of proposed algorithm’s
efficiency and its comparison with other traditional algorithms.
Section 6 provides the concluding remarks and possible
extension works of proposed system.
PROBLEM DESCRIPTION
Objective: Labelling available data using
classification algorithm with high accuracy rate
Input: Pima Indians Diabetes Data set.
Output: Dataset with labels.

appropriate
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Based on values of parameters each available data should be
classified to relevant group and it should be assigned with some
known value as a label value. Label value can clearly indicate
diabetes type which that corresponding patient belongs. Problem
solving methodology needs some training procedure for accurate
class prediction.

decrease rule in this method. Genetic algorithm and wavelet
based classification algorithm was delivered for cancer
diagnosis application14. Different kinds of feature set were
explored by this hybrid methodology. Artificial bee colony
based classification method was developed for the remote
sensing related data15. This algorithm was tested on different
satellite data type such as IRS P-6 and IRS P-5.

RELATED WORKS
Artificial neural network (ANN) contributes more in the field of
medical diagnosis. Applications of ANN on medical field were
explain by Qeethara Kadhim Al-Shayea5. Adaptive genetic
algorithm based methodology was proposed for feature selection
and gene expression6. This method reduces the gene expression
dimension and removes the redundancies in classification. Multi
label method using ant colony optimization algorithm was
proposed for data classification problem7. Gravitational search
algorithm for classification problem was introduced with
additional particle swarm optimization algorithm memory
characteristics8. In this system gravitational search algorithms
memory lacking problem was solved using particle swarm
optimization algorithm’s memory property. This combination of
hybridization increases the overall efficiency of the gravitational
algorithm.
Optimized radial basis functional neural network algorithm was
developed to small data classification9. This system holds two
important features such as hybrid coding and simultaneous
evolving in hidden layer and it provides efficient platform for
small amount of data handling applications. Improved particle
swarm optimization algorithm was proposed for data
classification problem with mixed attribute capability10. In this,
new position updating mechanism was introduced to increase
convergence speed and integer mapping was replaced by non
numerical data method. Solving classification problem
integrated the characteristics of chaotic particle swarm
optimization algorithm and least square support vector
machine11. Performance of the above method was tested on
three different dataset such as binary classification data, IRIS
data and three drug data. Absence of choice randomness and
good efficiency in workload selection are the important findings
at the end of experimental analysis.
Classification algorithm with multiple rule set was proposed
using ant colony optimization algorithm12. Correlation and
convergence was involved with new heuristic function is one the
features. To classify the test data weighted voting mechanism
was introduced along with the ant colony algorithm. Multi
objective based optimization algorithm was developed for
microarray analytic hierarchy process13. Two important rules
were introduced such as Higher and fewer rule and forcibly
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:
Step 8:
Step 9:

Multi class imbalanced data classification problem was solved
using binary particle swarm optimization algorithm and KNearest neighbour algorithm16. To test the efficiency of an
algorithm nineteen benchmarks were considered and applied the
algorithm. Microarray medical data classification method
adopted the characteristics of cat swarm optimization algorithm.
This method can be applied for both binary and multiclass data
set.
PROPOSED METHODOLOGY
Whale optimization algorithm (WOA)18 is a metaheuristic based
algorithm which mimics the bubble-net hunting strategy of
humpback whales. In this strategy, the whale follows
stereotypical bubbles motivates the creation of circular or 9shaped path while circumscribing victim during hunting.
Shrinking encircling mechanism and spiral updating position are
the two important mechanisms which involved in mathematical
modelling of WOA. Exploration phase of this optimization
algorithm is called as search for prey. In this each agent is
mapped to the diabetes data problem and its parameter mapped
to all WOA parameters. Initial random solutions are generated
by some low level heuristic algorithms and it will considered as
starting phase input of WOA.
Another important algorithm which integrated with proposed
system is backpropagation neural network (BPNN)19.BPNN is
used to make the output optimally by searching good quality
solution from the available solutions in solution space.
Automatic weight adjusting based on the previous solutions
quality will be carried out by BPNN. This process enhances the
global best solution and enriches the quality of convergence
speed. BPNN is a supervised learning method and back
propagating principle is well suited procedure for the application
where it depends on the relationship between input and output in
all the cases. This is the main reason why BPNN applied for
proposed data classification solving methodology. BPNN helps
to increase the overall quality of a solution. Diabetic data
classification requires high level accuracy. This is the one of the
major reasons of using BPNN in our proposed system. The
following algorithm illustrates proposed whale optimization
algorithm using backpropagation neural network for solving
diabetic data classification problem.

Initialize the parameters of whale population and randomly generated diabetic data class solution to
each candidate.
Calculate fitness value for each candidate. Overall accuracy of the class is fitness function in this
case.
Identify the local best and global best solutions from available intermediate solutions.
Update position and velocity of each whale candidate using the current local and global best values.
⃗⃗
𝑋⃗(𝑡 + 1) = ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝑋𝑟𝑎𝑛𝑑 − 𝐴⃗𝐷
(1)
Feed the output weight value in BPNN. Calculate the error from the tested value samples. Adjust the
weight according to the error value.
Update the parameters of WO algorithm as well as problem domain based on feedback received
from network.
Check termination condition. Here number of iterations is considered as termination condition.
If termination condition is false, go to step 2. Otherwise go to step 9.
Stop the process of classification. Final solution will hold the label for all diabetic data available in
data set.
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In this above algorithm the number of iteration are fixed to 210.
The above algorithm was tested on Pima Indian diabetes data
set20 which holds the 768 female candidates result.

positive and actual positive. Specificity is defined as ratio
between true negative and actual negative.

EXPERIMENTAL ANALYSIS

Sensitivity = True Positives / Positives; (2)
Specificity = True Negatives / Negatives; (3)

In the experimental analysis proposed algorithms efficiency is
compared with particle swarm optimization algorithm, whale
optimization algorithm in terms of sensitivity, specificity and
accuracy. Sensitivity is defined as the ration between true

Figure 1 illustrates the sensitivity analysis, figure 2 illustrates
specificity analysis and figure 3 illustrates accuracy comparison.
From the experimental analysis, we can observe that the
proposed algorithm outperforms other algorithms.

Figure 1: Sensitivity Comparison

Figure 2: Specificity Comparison

Figure 3: Accuracy Comparison
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CONCLUSION AND FUTURE WORK
Whale optimization algorithm with backpropagation neural
network algorithm was proposed to solve the diabetic type
classification problem. Diabetes is a health issue which affects
different age peoples due to different reasons. Identifying
diabetes in initial stage can prevent human from different
consequences. In this paper, the proposed algorithm helps
system to classify diabetes based on different observations.
Accuracy, convergence speed and execution time of the
proposed algorithms are in efficient manner. Solution quality is
very optimal than the other algorithms. In future implementation
complexity of neural network can be replaced by any other
simple heuristic methods which can avoid many levels of
calculations.
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