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Abstract: In ancient times, an accurate diabetes prediction and type of classification are the most important and demanding tasks in the
medical field for providing proper diagnosis to the patients. For this purpose, various machine learning based detection systems are
developed in the conventional works to predict the diabetes from the given dataset. Still, it has some limitations with the factors of
difficult to understand, high time requirement for training and testing, over fitting, and error outputs. Therefore, the proposed research
work objects to implement a group of data mining techniques for developing an automated and efficient diabetes detection system. In
this framework, an Inherent Coefficient Normalization (ICN) technique is implemented at first for preprocessing the PIMA Indian
dataset obtained from the repository, which highly improves the quality of data for processing. Then, an Intelligent Harris Hawks
Optimization (IHHO) technique is utilized to optimally select the features for training the classifier. Finally, the Pivotal Decision Tree
(PDT) based classification technique is deployed to predict the data as whether diabetes or non-diabetes with reduced computational
complexity and time consumption. During analysis, the performance and results of the proposed IHHO-PDT technique is validated and
compared using various measures.

Keywords: Diabetes Prediction, Machine Learning, Inherent Coefficient Normalization (ICN), Intelligent Harris Hawks Optimization

(IHHO), Pivotal Decision Tree (PDT), and PIMA Indian Dataset.

1. Introduction

Diabetes Mellitus (DM) [1, 2] is one of the most common and
severe disease across many people over the countries. According
to the world health report, it is analyzed that nearly 629 million of
people can affect by this dangerous disease at 2045. Among other
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countries, it is rapidly increased in India and Sharan countries,
and is very complex to predict that how much the disease is
chronic and serious [3, 4]. Moreover, many of the medical
organizations and healthcare industries object to control this
disease for saving the people lives.

Specifically, it can affect the other body organs, so it is highly
important to detect the disease at earlier stages for proper
diagnosis and treatment.

Hence, the different types of prediction methodologies [5, 6] are
developed in the conventional works for identifying diabetes
based on the patients’ information such as age, glucose level,
blood sugar, pressure, BMI, and etc. The machine learning
techniques are the most suitable options for developing an
automated detection systems. Also, the classification techniques
[7-10] are increasingly used in all kinds of applications for
solving the complex problems. Then, it provides the predicted
label for identifying that whether patient is affected by the disease
or not.

The Support Vector Machine (SVM), Decision Tree (DT), Linear
Regression (LR), Random Forest (RF), Neural Network (NN),
Naive Bayes (NB) and ensemble models [11-13] are the most
commonly used machine learning approaches in the detection
applications. Based on the existing review [14-16], it is analyzed
that an optimization based classification techniques could provide
an efficient performance in prediction and classification
operations [17, 18]. The nature inspired and bio-inspired are the
common optimization techniques used for providing solutions to
solve the complex optimization problems. However, the existing
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works [19-22] faced many complications associated to the
following factors: complex computational operations, difficult to
understand, high time consumption, overfitting and error outputs.
Therefore, the proposed work intends to implement a novel and
intelligent optimization based classification model for developing
an efficient diabetes prediction system. In this proposed
framework, a combination of data mining techniques such as
preprocessing, feature selection, and classification are deployed
for diabetes prediction and classification. The major research
objectives of this paper are as follows:

e To preprocess the given dataset by normalizing its attributes,
an Inherent Coefficient Normalization (ICN) technique is
implemented.

o To select the optimal features from the optimized feature set,
an advanced Harris Hawks Optimization (HHO) technique is
utilized, which supports to obtain an increased classification
accuracy.

e To predict whether the given data is diabetes or not, an
enhanced Pivotal Decision Tree (PDT) based classification
methodology is deployed.

e To validate the performance and efficiency of proposed
optimization based classification methodology, an extensive
simulation has been carried out.

The other portions of this paper are structuralized into the
following portions: Section 1l reviews the conventional
optimization and classification methodologies related to diabetes
prediction and detection. It also examines the benefits and
demerits of each technique according to its features and working
modules. Section Il provides the explanation about the proposed
IHHO based PDT classification technique used for developing an
efficient diabetes detection system. Section IV validates the
results of conventional and proposed techniques with respect to
different evaluation parameters. Finally, the overall paper is
concluded with its future work in Section V.

2. Related Works

This section reviews various machine learning based
classification techniques used for predicting diabetes from the
given dataset. It also discusses about the pros and cons of each
machine learning methodology according to its key
characteristics, and features.

Mujumdar, et al [23] intended to predict the Diabetes Mellitus
(DM) disease by using an advanced machine learning approach.
The key factor of this paper was to develop a new diabetes
prediction model based on the factors of glucose, BMI, insulin
and age. They examined about the performance of various
machine learning techniques for predicting the diabetes from the
given features. Here, the supervised, un-supervised, and semi-
supervised based machine learning methodologies have been
analyzed for developing an efficient diabetes prediction system.
Also, it stated that the performance and efficacy of overall
detection system was entirely depends on the quality of dataset.
Hence, it should be enhanced with the use of machine learning
based classification methodologies. According to this study, it
was analyzed that an Ada Boost classifier outperforms the other
techniques with performance results. Joshi, et al [24] objects to
develop an efficient prediction model for earlier diagnosis of
diabetes. In this work, the different machine learning classifiers
such as Logistic Regression (LR), Artificial Neural Network
(ANN), and Support Vector Machine (SVM) were validated and

compared for identifying the most suitable technique for diabetes
prediction. Typically, the classification was one of the most
essential process in the detection systems, and it predicts the data
as whether diabetic or non-diabetic. The key limitation of this
work was, it failed to compute the evaluation measures to prove
the improved results of classifiers.

Alehegn, et al [25] deployed an ensemble based classification
methodology for predicting the diabetes from the PIMA dataset.
Also, it targets to validate the performance of three different
classification methodologies such as SVM, NB and Decision
Stump (DS). This framework includes the modules of
preprocessing, dataset training, prediction, and comparison.
However, it limits with the problems of inefficient prediction,
error outputs, and more time consumption. Abdulgadir, et al [26]
utilized a recursive RF classification model for accurately
detecting the diabetes in the healthcare systems. Here, the
different types of data mining techniques have been used for
improving the efficacy of overall prediction system. In this
framework, the weighting parameter was estimated during feature
selection, which helps to increase the accuracy of diabetes
prediction. Yet, it has the problems of overfitting, not suitable for
the multi-valued attributes, and inefficient detection rate.
Battineni, et al [27] presented a comprehensive analysis for
validating the performance of various machine learning
techniques. The purpose of this work was to develop an efficient
type-2 diabetes prediction system by using the data mining
model. In addition to that, the k-cross fold validation method was
also used in this work, which improvise the process of prediction.
Arumugam, et al [28] deployed a multi-purpose machine learning
methodology for predicting the multiple diseases associated to the
DM. In this work, three different classifiers such as NB, DT, and
SVM have been validated and compared in terms of error rate
and accuracy. Based on this work, it was analyzed that the DT
outperforms the other machine learning models with better
detection results. Still, it faces the key problems of complex
mathematical operations, lack of scalability, and reliability. The
different types of data mining techniques used for developing the
diabetes prediction system is shown in Fig 1.

Zou, et al [29] deployed a Principal Component Analysis (PCA)
based machine learning classification methodology for predicting
the DM. The key contribution of this paper was to minimize the
number of features required for classification by using the
combination of PCA and minimum Redundancy Maximum
Relevance (MRMR) methodologies. Moreover, the RF based
machine learning classifier was used to predict the DM from the
given datasets based on the optimized features. The benefits of
this work were increased accuracy, optimized performance and
minimal time consumption. Garcia, et al [30] implemented a
Sparse Auto Encoder (SAE) incorporated with the Convolutional
Neural Network (CNN) for detecting diabetes from the given
dataset. In this framework, the min-max normalization method
was used to normalize the dataset for increasing the quality of
data. Then, the data augmentation has been performed by using
the Variational Auto Encoder (VAE), which helps to improve the
detection performance. Finally, the CNN technique was used to
predict the classified label as whether diabetes or non-diabetes.
The primary advantages of this work were reduced error rate,
minimal time requirement, and accurate results. Yet, it follows
some mathematical operations for detection, which degrades the
performance of entire system.
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Fig 1. Types of data mining techniques used for diabetes
prediction

Ramesh, et al [31] constructed a new remote healthcare
monitoring framework for predicting the diabetes with the help of
machine learning methodology. Here, the feature scaling and
selection operations have been performed to increase the
accuracy of classification. In addition to that, the data
augmentation was applied before classification, which supports to
reduce the error rate. Moreover, four different machine learning
techniques such as KNN, LR, GNB, and SVM were utilized to
validate the efficacy and performance of the classifier. Boutilier,
et al [32] employed a machine learning based disease prediction
model for identifying the diabetes from the given dataset. Here,
the machine learning classification approach was mainly used to
categorize both diabetes and hypertension based on various
features like age, blood sugar, blood pressure, BMI, and etc.
Abaker, et al [33] presented a comprehensive study for validating
the performance of various machine learning approaches to select
the suitable one for diabetes prediction and classification. In this
work, the different types of feature selection approaches were
also investigated for minimizing the dimensionality of features,
which holds filter models, wrapper models, embedded models,
ensemble models, and hybrid techniques. Mahmoud, et al [34]
deployed a Hybrid Inductive Machine Learning Algorithm
(HIMLA) for predicting diabetic retinopathy with reduced risk
factors. Also, it used an optimization based classification
methodology for ensuring the better system performance.
However, it has the key problems of reduced accuracy, inefficient
prediction, and lack of scalability.

From the literature, it is analyzed that the conventional works are
mainly focused on developing an automated machine learning
based prediction system for detecting diabetes. Still, it faced
some complications associated to the factors of overfitting, high
error rate, difficult to understand, complex mathematical
operation, increased training and testing time. Therefore, the
proposed work objects to implement a novel meta-heuristic
optimization based classification mechanism for developing an
efficient diabetes prediction system.

2. Proposed Methodology

This section presents the clear description about the proposed
machine learning based classification methodology used for
predicting the diabetes disease. The original contribution of this
work is to implement a novel optimization integrated
classification methodology to develop an efficient diabetes
detection system. For this purpose, an intelligent Harris Hawks
Optimization (HHO) based Pivotal Decision Tree (PDT)
classification methodology is developed. Initially, the input
dataset is obtained for processing, which is preprocessed by using
an Inherent Coefficient Normalization (ICN) model for
enhancing the quality of data. Typically, the overall prediction
performance and efficiency of classifier are highly depends on the
quality of input data. Hence, it should be highly enhanced before
feature extraction and classification operations. Then, a HHO
technique is deployed for optimally selecting the features from
the preprocessed dataset, which supports to increase the detection
accuracy and efficiency of classifier. Finally, the PDT technique
is deployed to accurately predict the classified label based on the
optimized set of features. The primary advantages of this work
are as follows: reduced overfitting, minimal training & testing
time, optimized performance, reduced complexity and high
accuracy. The overall working flow of the proposed system is
shown in Fig 2, which holds the following operations:

o Preprocessing based on Inherent Coefficient Normalization

(ICN) Method
o Feature Selection using Harris Hawks Optimization (HHO)
e Disease Prediction using Pivotal Decision Tree (PDT)
Classifier
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Fig 2. Working flow of the proposed system

Performance Analysis

3.1 Inherent Coefficient Normalization

At first, the input diabetes dataset is preprocessed for eliminating
the noise and enhancing the quality, which is done by using an
ICN technique. It is a kind of preprocessing approach mainly
developed for normalizing the attributes of dataset. In this work,
the PIMA Indian Diabetic dataset is used for analysis, which
comprises the patient information related to the features of
glucose level, BP, BMI, pedigree function, and etc. Generally, the
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original dataset may have some irrelevant and incoherent
information,  which  degrades  the  performance  of
recognition/prediction. Hence, the attributes are properly filtered
and normalized before implementing further operations. In this
preprocessing model, the coefficient estimation, standard
deviation estimation, and normalization operations have been
performed to generate the filtered data. The coefficient variance
is computed by using the following model:

SD
Mean

Coy = 1)
Where, SD indicates the standard deviation, and Coy is the
coefficient variance. Then, the mean and SD values are computed
as shown in below:

1
SD = |45 Dy (Pa = Avg)? )
Mean = %Z§=1 P4 ©))
Norp = %ﬁ‘md 4)

Where, P, indicates the specific data in the list, and Avgy
indicates the average value. After normalization, the data values
are standardized within the range of 0 to 1, and this filtered
dataset can be used for optimization and classification operations.

3.2 Harris Hawks Optimization (HHO)

After preprocessing, an advanced meta-heuristic optimization
technique, named as, Harris Hawks Optimization (HHO)
technique is used to optimally select the features for improving
the performance and efficiency of classification. Typically, the
HHO is one of the population based gradient —free optimization
mechanism extensively used in different types of applications for
solving the complex optimization problems. Moreover, this
technique includes the phases of exploration and exploitation, in
which the exploration is executed before exploitation. During this
phase, the harris hawks can identify and detect the preys through
their powerful eyes. Among other optimization techniques, it has
an increased convergence rate, efficiency, and reaches the best
optimal solution with reduced number of iterations. In this
methodology, the hawks of harries are considered as the best
solutions, where each step is associated to the appropriate prey of
the candidate solution. After parameter initialization, position
vector of hawks are estimated by using the following model:

P(k+1)=
Ppp(k) —1r1|Pgy(k) — 2r,C(K)| x < 0.5

{(PRb(k) — Payp(K)) — 73(Lp + T4(Up — Lp)) x < 0.5 ©)
Where, P (k+ 1) indicates the position of hawks in the next
iteration k, Pgp(k) denotes the position of rabbit,
r1,72,73,74,x are the random numbers (0 to 1), Pgyp
represents the average position, Pgp is the randomly selected
hawk in the current population, Ugand Lg are the upper and
lower bounds respectively. Then, the rabbit motions is simulated
according to the random values in each iteration. After that, the
arbitrary location is created, and the average distance value is
computed with respect to different factors. Moreover, the
proposed length of momentum was estimated based on the lower
bound in the rule. Moreover, the elements in the random scaling
coefficient are considered for formulating the additional patters

with the specified regions. Consequently, the hawks reach the
final average position as shown in below:

Paop(K) = o S Pu(R) (©)

Where, Noy,, denotes the number of hawks, and P;(k) is the
location of each hawk at iteration k. Here, the least intrinsic rules
have been used to determine the median position. Furthermore,
this model incorporates the exploration and exploitation
capabilities according to the loss of energy as computed below:

R = 2Rpo(1 - %) Q)

Where, Rp indicates the prey’s escape energy, Rgo is the initial
energy level, and M indicates the maximum number of iterations.
In this model, the following rules are applied to estimate the
hawks behavior:

P(k+1) = AP(k) — Rg|GPgy (k) — P(K)| ®)
AP(k) = Pgp(k) — P(k) ©)

Where, AP(k) indicates the position of rabbit in current position
at iteration k. Then, the current position is updated by using the
following model:

P(k +1) = Pgy(k) — Rg|AP (k)| (10)

According to the updated position, the optimal fitness value is
identified from the available features. In addition to that, the
dimensionality of features have been efficiently reduced by
optimally choosing the characteristics, and its mutual importance
is validated as follows:

MutS (G,CF) = 1= Srepecr H(Rep, CF) (11)

Where, MutS (G, CF) denotes the mutual significance, CF is the
common feature, Rep defines the relevant feature, and G is
considered as the selected function with fitness value. Based on
this operation, the best optimal function is identified to select the
most suited features, which can be used for training the classifier.

3.3 Pivotal Decision Tree (PDT) Classification

After feature optimization, an advanced and efficient Pivotal
Decision Tree (PDT) based classification methodology is
implemented to detect diabetes according to the optimized feature
set. The PDT is a kind of machine learning classification model
mainly used for solving the complex classification problems.
Typically, the machine learning techniques are extensively used
in many detection/prediction application systems for solving the
given problems. Also, it obtains the features as the input for
processing, and produced the predicted or classified label as the
output. In the conventional works, the different types of machine
learning techniques are developed for diabetes prediction and
classification. It includes SVM, NB, DT, RF, NB, and etc, but it
limits with the key problems of increased mis-prediction results,
high error rate, requires high time consumption, and minimal
performance outcomes. Hence, the proposed work intends to
develop a new PDT technique for accurately predicting diabetes
with reduced computational and time complexity. The sample
tree construction architecture is shown in Fig 3, which comprises
the root node, internal node and leaf node.
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Algorithm | — PDT based classification

Input: Optimized feature set F;;
Output: Classified label L;
Procedure PDT construction
Repeat
Maximum I, < 0; //Where, I, — Information gain
S;(X) « Null; [/Where, S; — Split data
¢ < En.(Set); //Where, En, — Entropy
For all attributes k in Set
Estimate gain as, G < I, (k, c)
If (G > maximum I) then
Maximum I; « G
Si(X) <k
End if;
End for;
Partition (Set, S; (X))
Repeat all partitions;
End procedure

Root Node

N

Internal Node

Internal Node Leaf Node
Leaf Node Leaf Node

Fig 3. PDT construction architecture model

Internal Node

Leaf Node

Internal Node

Leaf Node Leaf Node

4. Results and Discussion

This section validates the performance and results of the
proposed IHHO-PDT technique using various evaluation
indicators such as accuracy, precision, recall, sensitivity, f1-score
and time. Also, the obtained results are compared with the recent
state-of-the-art model approaches for proving the betterment of
the proposed technique. For this analysis, the PIMA Indian
dataset is considered, which comprises various health features of
the diabetes patients as shown in Table 1. Also, the confusion
matrix for conventional and proposed classification techniques
are depicted in Fig 3 with respect to the true label and predicted
label. According to this analysis, it is observed that the proposed
PDT technique outperforms the other classifiers with accurate
prediction results.

Table 1. PIMA Indian diabetes dataset

Attribute No. Type of risk Range (Min to Max)

1 Number of time pregnant 0to17

2 Plasma glucose concentration 44 to 199

3 Diastolic blood pressure (mm 24 to 122
Hg)

4 Triceps skinfold thickness (mm) 7 to 99

5 2-Hours Serum Insulin  (mu 14 to 846
u/mL)

6 Body Mass Index (BMI) 18.2t0 67.1

7 Diabetes Pedigree Function 0.07to 2.42

8 Age (Years) 21to 81

9 Class 1 — Positive, 0 —

Negative

g0

[:+]

.|

g

=1 0.38

0 1
Predicted
Label

Fig 4 (a). Confusion matrix for SVM

E 0 0.12

[+

.|

g

=1 0.41 0.59
0 1
Predicted

Label

Fig 4 (b). Confusion matrix for RF

True Label

Predicted
Label

Fig 4 (c). Confusion matrix for LDA

E 0

]

=

g

=1 0.2

0 1
Predicted
Label

Fig 4 (d). Confusion matrix for PDT

Table 2 and Fig 5 compares the accuracy of optimization
integrated classification approaches. Typically, the accuracy is
one of the most essential parameter used to determine the
performance of classifier. The overall performance of the
detection system is determined according to the increased value
of accuracy, which is estimated as follows:

TP+TN

Accuracy = ——
Y = TP+TN+FP+FN

%X 100% (12)
Where, TP — True Positives, TN — True Negatives, FP — False
Positives, and FN — False Negatives. From the analysis, it is
evident that the proposed IHHO-PDT technique provides an
increased accuracy over the other techniques. Due to the proper
preprocessing and optimization processes, the accuracy of
classifier is highly increased in the proposed detection system.
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Table 2. Accuracy analysis of optimization integrated classifiers

Optimization based Classifiers

Hybrid cuckoo-firefly
Feed forward NN
NB
LDA, MWSVM
GA-NN
K-means + DT
K-Means + PCA
Proposed

Accuracy (%)

81

82
79.56
89.74
87.76
90.03

72

98

Performance Value (%)
e
(=]

Accuracy (%)

T28s8233
[——————
_———-
h—'—-
h——
E—
h——-
EE—
ﬁ——

SRS & & S &
89“ e o &'? & T
A N ¥
& A

Fig 5. Accuracy of optimization based classifiers

Table 3 and Fig 6 presents the overall comparative analysis of
conventional [35] and proposed classification techniques, which
includes the parameters of sensitivity, specificity, accuracy,
precision, recall, f1-score, and time. The measures are estimated
as follows:

Sensitivity = TPT+PFN X 100% (13)
e TN

Specificity = wnerp X 100% 14)

Precision = —— x 100% (15)
TP+FP

F1 — score = 2XPrecisionxSensitivity x 100% (16)

Precision+Sensitivity

The above mentioned measures are extensively used in many
detection systems for evaluating the performance and efficiency
of classifier. Moreover, the overall better system performance of
the diabetes detection is determined according to the improved
values of these measures. Based on the estimated results, it is
observed that the proposed IHHO-PDT technique overwhelms
the other machine learning classifiers with increased performance
results. Due to the inclusion of an efficient preprocessing and
optimization techniques, the performance of the proposed
diabetes detection system is highly improved in this work.

Accuracy

ESMOTE uJ48

Precision

Reall

SURF ©Part

F-Measure

Sp ecificity

ENB sIHHO-PDT

Sp ecificity

Fig 6. Overall comparative analysis

Table 3. Overall coparative analysis

Measures SMOTE J48 RF Part NB IHHO-
PDT

Accuracy 99.07 96.62 90.34 76.33 77.43 99.08
Precision 96.23 95.06 89.09 60.72 60.23 97.65
Recall 98.24 96.35 84.43 65.81 65.09 98.9
F-Measure 97.71 93.21 86.78 62.76 62.88 98.5
Specificity 99.14 97.86 9143 8429 85.28 99.5
Specificity 95.52 94.03 88.06 59.70 60.65 98.3
Time (ms) 0.1 0.2 3.66 0.25 0.5 0.09

Fig 7 validates the execution time of conventional and proposed
machine learning classifiers. The time is also considered as one
of the most essential parameter used to determine the
performance of prediction system. Also, it can be estimated by
the total amount of time required to accomplish the system
operations. From the analysis, it is evident that the time required
for the proposed diabetes detection system is efficiently reduced,
when compared to the other techniques. Fig 8 and Table 4
validates the detection accuracy of existing [23] and proposed
machine learning technique. Moreover, the training and testing
accuracy measures are validated for both conventional and
proposed machine learning techniques as shown in Fig 9 and
Table 5. Normally, the classifier training is performed with the
input of features obtained from the dataset. In the proposed
framework, an optimized feature set is generated from the
preprocessed dataset, which helps to increase the training and
testing accuracy of classifier. Hence, the proposed IHHO-PDT
technique provides an increased accuracy for both training and
testing operations, when compared to the other machine learning
approaches.
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Table 4. Detection accuracy Table 5. Training and testing accuracy
Methods Detection Accuracy (%) Classifiers Testing Training
Decision Tree (DT) 86 Accuracy (%) Accuracy (%)
Gaussian Naive Bayes (GNB) 93 NB 79.6 78.6
Linear Discriminant Analysis (LDA) 94 SVM 79.2 78
Support Vector Classifier (SVC) 60 DT 78.4 77.2
Random Forest (RF) 91 MLP 80 82
Extra Trees (ET) 91 K-Means 77 72
Ada Boost (AB) Classifier 93 IHHO-PDT 99 985
Perceptron Classifier (PC) 76
Logistic Regression (LR) 96 .
Gradient Boost (GB) Classifier 93 5. Conclusion
iaﬁlge?rist Neighbor (KNN) gg This paper presents a new prediction framework for detecting
g diabetes from the PIMA Indian dataset. The novel contribution of
this work is to implement an advanced and efficient data mining
100 techniques for developing the diabetes prediction system. The

Accuracy (%)
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Fig 8. Accuracy analysis

proposed framework includes the stages of preprocessing, feature
optimization, and classification. Here, an ICN technique is
deployed at first for preprocessing the given dataset to eliminate
the irrelevant attributes and to normalize the contents. Based on
this process, the overall quality of data has been improved, which
can be further used for optimization and classification operations.
During optimization, an IHHO technique is used to optimally
select the features for training the classifier. Here, the purpose of
implementing this approach is to reduce the computational
complexity and, time required for developing the prediction
system. Furthermore, an efficient machine learning based
classification model, named as, PDT is used for predicting the
classified label as whether diabetes or non-diabetes. The primary
advantages of the proposed IHHO-PDT technique are as follows:
reduced complexity, minimal time consumption, optimized
performance rate, and high efficiency. Moreover, the results of
the proposed detection system is validated and compared by
using various evaluation measures such as precision, accuracy,
recall, time, f1-score, sensitivity, and specificity. Then, the recent
state-of-the-art machine learning techniques are compared with
the proposed model. According to the analysis, it is observed that
the proposed IHHO-PDT technique outperforms the other
approaches with improved results, which shows the overall
efficiency and performance of the proposed work.
In future, this work can be extended by implementing a deep
learning based classification model for developing the diabetes
prediction system.
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