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Preface

We are in the era of the Fourth Industrial Revolution that is a new chapter in human
development enabled by extraordinary technological advances and making a funda-
mental change in the way we live, work, and relate to one another. It is an opportu-
nity to help everyone, including leaders, policy-makers, and people from all income
groups and nations, to harness converging technologies in order to create an inclu-
sive, human-centered future. Big data, IoT, and machine learning are three important
components of 4.0 Industrial Revolution. To do this, we must prepare our graduates
and researchers to conduct their research using Industry 4.0-related technologies
such as big data, machine learning, Internet of things, robotics, augmented reality,
virtual reality, 3D printing, and so on. As part of our efforts to achieve sustain-
able development, we must develop and put into effect policies that are focused on
the components of 4.0 Industrial Revolution. Considering this fact, we organized
the International Conference on Big Data, Internet of Things (IoT) and Machine
Learning (BIM 2021) on September 23–25, 2021. Initially, we planned to organize
BIM 2021 at Cox’s Bazar, Bangladesh. However, due to the COVID-19 pandemic
situation, BIM 2021 took place in full virtual mode. Althoughwe had to arrange BIM
2021 virtually, the research community reacted amazingly well at this challenging
time. The support partners of BIM 2021 were CUET Intelligent Computing Lab,
IEEE Computer Society Bangladesh Chapter, and the Center for Natural Science
and Engineering Research (CNSER).

There were three main tracks at BIM 2021. These are data science and big data,
Internet of things, and machine learning. There were a total of 263 submissions from
fourteen different countries at BIM 2021. The submitted papers underwent a double-
blind review process soliciting expert opinion from at least three experts: at least
two independent reviewers and the respective track chair. After the rigorous review
reports from the reviewers and the track chairs, the technical committee has selected
59 high-quality papers for presentation in the conference and possible inclusion in
LectureNotes onDataEngineering andCommunicationsTechnologies.Wehope that
the papers published in this volume will help researchers, professionals, and students
to enrich their knowledge to continue their research with cutting-edge technologies.

xiii



xiv Preface

We are thankful to authors who have made a significant contribution to the confer-
ence and have developed relevant research and literature in data science, IoT, and
machine learning. We would like to express our gratitude to the members of inter-
national and national advisory committees, general chairs, general co-chairs, orga-
nizing committee members, and technical committee members for their uncondi-
tional support to make BIM 2021 a grand success. We are highly grateful to the
faculty members of the Department of Computer Science and Engineering, Chit-
tagong University of Engineering and Technology, for their wholehearted support
for BIM2021.We are grateful toMr.AnindaBose,Mr. NareshkumarMani, and other
members of Springer Nature for their continuous support in coordinating this volume
publication. Last but not least, we thank all of our volunteers for their tremendous
support during this challenging time to make BIM 2021 a successful one.
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Performance Analysis of Classifier for
Chronic Kidney Disease Prediction Using
SVM, DNN and KNN

Md. Omaer Faruq Goni, Abdul Matin, Tonmoy Hasan,
and Md. Rafidul Islam Sarker

Abstract Disruption of the regular operation of the kidney is named chronic kidney
disease (CKD).CKD iswidespread, and the death rate due to this increases rapidly. To
reduce the amount of death, early detection of CKD is necessary. This paper aims to
help medical practitioners to diagnose CKD patients by applying machine learning
(ML) techniques. We have applied several ML algorithms to the chronic kidney
disease dataset which is archived at the machine learning repository of the University
of California Irvine (UCI). The classification approaches have been analyzed in
this study including deep neural network(DNN), support vector machine (SVM)
and K-nearest Neighbor (KNN). To fulfill this study, the missing values have been
imputed with different techniques according to the characteristics of the features
and relations among them. Hyperparameters of each algorithm have been tuned
through experiments. The proposed approach has been evaluated with the best-tuned
parameter. The assessment has done based on different performance metrics such
as train–test sensitivity, accuracy, f-measure, specificity and Matthews correlation
coefficient (MCC). The empirical result shows that SVM and KNN have enhanced
accuracy, and DNN shows the most optimistic result with 100% accuracy compared
to the existing.

Keywords Chronic kidney disease · Support vector machine · Deep neural
network · K-nearest neighbors

1 Introduction

It is called chronic kidney disease when it fails to perform its regular operation. It
is also called kidney failure. It refines our blood by removing wastes and spare fluid
as urine. It has some very critical effects such as damage to the nerve and immune
system that adversely reduce living standards and the chance of living. The number
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of CKDpatients increases due to diabetes, high blood pressure and unsound habit [1].
Gradual failure of the kidney leads to death. The number of CKD patients increases
globally [2]. Hence, an early screening system is required.

In the recent world, there is a large number of available data that requires proper
usage, otherwise it will be useless. Data mining is the technique to make the appro-
priate use of large data. Using statistical methods and machine learning (ML) algo-
rithms, it discovers exciting patterns and interactions in data which helps in making
useful predictions [3]. In this paper, we use different MLmethods that include SVM,
KNN and DNN for early diagnosis of CKD in CKD dataset recorded at the machine
learning repository of the UCI.

In real-world data, there is a probability of missing and erroneous values that
can fail the actual purpose. Adequate data cleaning and missing value imputation
techniques are required. It has a crucial impact on model accuracy. CKD dataset is
imputed using different techniques. Again, the best feature subset is selected to make
themodel more efficient. Performance of all themodels is assessedwith some perfor-
mance metrics including train–test precision, accuracy, recall, specificity, sensitivity,
f -measure and MCC.

This study is structured as follows. In Sect. 2, existing methods on CKD patients
classification are discussed. Section 3 represents the detailed explanation of CKD
dataset aswell as the proposedmethods. Section 4 illustrates the result and discussion
of this study. Section 5 implies the conclusion.

2 Literature Review

Charleonnan et al. [4] have performed a comparative study of SVM, KNN, decision
tree (DT) and logistic regression (LR) classifiers for predicting CKD. SVM has
achieved the highest accuracy of 98.3%.

Salekin and Stankovic [5] have analyzed SVM, KNN and ANN with and without
imputing the missing values for classification. Feature selection techniques have also
been employed. Among them, KNN has achieved the highest prediction accuracy of
0.993 in terms of F1-measure with missing values imputation.

Polat et al. [6] have analyzed the effect of feature selection on the performance
of a ML classifier for CKD patients classification. To conduct the analysis, SVM
has been examined with different feature subset searching methods and evaluators.
Among all the combinations, SVM obtained a great accuracy of 98.5% where the
filtermethod and the best first search have been considered as feature subset evaluator
and the feature selector, respectively.

Sara and Kalaiselvi [7] have introduced a hybrid feature selection (FS) technique
HWFFS, which combines the warper and the filter method of FS. With and without
HWFFS, a performance comparison of NB, SVM and ANN has been conducted.
SVM-HWFFS has achieved the highest accuracy of 90%.

Almansour et al. [8] have performed a comparative study of not only the most
prominent but also strong classifiers, ANN and SVM in the diagnosis of CKD
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patients. All the missing values have been filled with the mean value of associ-
ated features. ANN has achieved the highest accuracy of 99.75% while SVM has
also attained a great accuracy of 97.75%.

3 Materials and Methods

This study has been conducted into four stages, data imputation, feature subset selec-
tion, training & testing of ML model and assessment using performance metrics on
CKD dataset recorded at the machine learning repository of the UCI. All the stages
are discussed in brief in the next sections. Figure1 represents the steps of this study.

3.1 Dataset Description

The chronic kidney disease dataset used in this research is openly accessible from
the machine learning repository of UCI. It has 400 instances, 24 features, 11 numer-
ical and 13 nominal features. The nominal features are albumin, anemia, appetite,

Fig. 1 Proposed
methodology
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bacteria, coronary artery disease, diabetes mellitus, hypertension, pus cell, pus cell
clumps, pedal edema, red blood cells, specific gravity and sugar. The numerical fea-
tures are age, blood glucoses, blood pressure, blood urea, hemoglobin, packed cell
volume, potassium, red blood cell count, serum creatinine, sodium and white blood
cell count. These 400 samples contain 250 (62.5%) CKD patients and 150 (37.5%)
non-CKD patients. The dataset has 1012 (10.1%) missing values.

3.2 Dataset Cleaning

It is very important to prepare data before implementing the data for a classification
model. CKD dataset has only 160 instances that do not have any missing attributes.
That means more than 50% of instances have missing values. There are three things
to do with missing values.

(a) By using a strong and rapid nonlinear classifier that can manage missing values
as well as noisy data together. But data cleaning should be such that it can be
applied to any model.

(b) Eliminate the missing values, but there is a problem of losing a large amount of
data that may contain important data patterns.

(c) Imputation of missing value . But due to poor imputation, a classifier may be
biased to the imputed value. If missing values are imputed properly, it can over-
come all the problems.

Missing values can be imputed in different ways.

Imputation using mean value
All the missing values can be imputed with the mean value of the corresponding
feature. In this experiment, age, Bp, Sg, Bgr, Bu, Sc, sod and pot are imputed using
this method.

Imputation using maximum occurrence
This method can be used for missing nominal data types. In this study, this technique
is used for all themissing data of the nominal type using themost frequently occurred
value of the corresponding feature.

Imputation using regression model
To apply this technique, it is required to study the interaction between features and
find relation among the features if there is any. Then fit a regression model using
the related features and predict the missing values. In Fig. 2, it shows the interaction
of bu, hemo and pcv with rc. We can fit a regression model to impute the missing
values.

In this study, at first, someof themissingvalues of rc are imputedwith the predicted
value of the linear regression model fitted by hemo and rc. Then the second part of
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Fig. 2 Interaction of bu, hemo and pcv with rc

the missing values is imputed in the same way, and the model is fitted by rc and pcv.
The rest of the missing values of rc are fitted with the mean of rc. And finally, missing
values of pcv, hemo and bu are imputed using a regression model fitted using rc and
corresponding features.

3.3 Feature Selection

All the dataset features do not have enough impact on decision making. It is better
to remove less important and irrelevant features, and this technique is called feature
selection [9]. The efficiency of a classifier along with its effectiveness is greatly
impacted by feature selection. It reduces the time consumption of a model and makes
it faster and efficient [10].

In this study, to select the best features, different feature subsets are created accord-
ing to the feature importance and tested with the models. The best feature subset
consists of 11 features. Feature importance can be calculated in many ways. In this
paper, a random forest model is used to do this job, and the best feature subset is
selected using the feature importance shown in Fig. 3.
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Fig. 3 Feature importance

3.4 Normalization

As part of data preparation for machine learning, technique of normalization is used
sometimes to adjust the numeric column values to a standard scale in the dataset,
without altering the differences in the value ranges [11]. Each dataset does not need
normalization for machine learning. It is applied only when dataset features have
different ranges. There are several approaches to normalization that include z-score,
logistic,min–max, tah, lognormal, etc. To conduct this study,min–maxnormalization
has been used. Mathematically, it can be expressed as follows:

reshaped: Z = Z − min(Z)

max(Z) − min(Z)
(1)

where Z is the column required to normalize.


