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Abstract

Early detection of COVID-19 patients is an important issue for disease cure and control.
COVID-19 has not been previously identified in humans because it is a new species appeared in
2019. Unfortunately, COVID-19 spreads so quickly between people in few months. The most
common symptoms of COVID-19 that can progress to a severe form of pneumonia with critical
complications are dry cough, sore throat, and fever. In fact, clinical characteristics alone cannot
determine the diagnosis of COVID-19 patients at the early-onset of symptoms. Thus, it is an
important to find fast and accurate COVID-19 patients detection model that can quickly and
accurately diagnose the patients. In this paper, many classification methods which can early
detect COVID-19 patients are discussed. In fact, data mining is an effective tool that can be used
in predicting medical conditions. Data mining can enable caregivers to accurately make medical
decisions. Nowadays, Internet of Things (IoT) is implemented in the infrastructure of the
medical system that leads to make the system more automated and enable the medical staff to
monitor COVID-19 patients remotely.
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1. Introduction

Coronavirus is highly threatening for human and animal life in which some kinds of coronavirus
can affect animals and then it jumps from animal species into the human population [1-4].
Among nucleic acid-based tests, Reverse Transcription Polymerase Chain Reaction (RT-PCR)
test has been used as the ‘gold standard’ for confirming COVID-19 positive patients [4-6]. In
fact, a negative result of RT-PCR test does not negate the possibility of COVID-19 infection
because it has low sensitivity although it has high sp ecificity. Hence, laboratory test is more
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accurate than an imaging test to diagnose COVID-19 patients because an imaging test suffers
from false positive and false negative cases [4-6].

The direct diagnosis of COVID-19 patients by the doctors and nurses is extremely dangerous as
it may expose their lives to death [4-6]. To overcome these challenges, data mining play an
effective role in the medical system as it made the system be automated. Thanks to data mining
techniques, COVID-19 patients can be remotely diagnosed. Classification methods are important
to early detect COVID-19 patients. There are many classification methods that can quickly and
accurately diagnose COVID-1 cases. These methods such as; K-Nearest Neighbor (KNN), Naive
Bayes (NB), Fuzzy Logic (FL), Artificial Neural Network (ANN), and Deep Learning (DL)
[4-6].

Although these classification techniques can early detect COVID-19 patients, it may suffer from
noise data. Thus, preprocessing data before learning the classifier is an important process to filter
the data from irrelevant features. Thus, feature selection process is an important process that
should be implemented on COVID-19 dataset before starting to learn the diagnosis system [4-6].
Feature selection methods are categorized into two main groups, called; filter and wrapper [7-
12]. While filter methods can provide a fast subset of features, wrapper methods can provide
accurate subset of features that effect on COVID-19 diagnosis. Thus, using a hybrid feature
selection methods that combine both filter and wrapper is important to provide fast and accurate
subset of the most significant features in the COVId-19 dataset. Thus, many COVID-19
diagnosis strategies based on two layers; preprocessing layer to perform feature selection process
and classification layer to diagnose the patients based on the selected features [4-6].

loT is a new technology that help the medical system to remotely collect the data from patients

without coming to medical system (i.e., hospitals) [13-16]. IoT sensors enable the hospitals to
perform many procedures at a remote location in a real-time manner such as blood testing,
diabetic monitoring, and pressure monitoring. Consequently, the collected real-time data from
loT sensors enables the medical system to give accurate real-time reactions. In fact, loT
technology enable a medical system to remotely monitor the patients by using wireless
networking connections such as Bluetooth, Wi-Fi, etc. [13-16]. While loT supports the medical
systems with real-time data, it cannot formulate this data in appropriate form for analysis. Hence,
loT transmit data that is sent to be stored in the cache server of the medical system for further
processing.

In this paper, a review of different used classification methods applied as COVID-19 patients
diagnosis techniques will be discussed. The rest of the paper is organized as follows: Section2
describes the COVID-19 problem. Section3 shows an overview of the widely used classification
methods. Section 4 provides the role of lIoT on COVID-19 patients. Finally, conclusions are
discussed in Section 5.
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2. Problem Definition

Once the coronavirus epidemic starts, it will take around four weeks to break the basic healthcare
system. Cases detection and isolation is the golden solution for protecting the healthcare system
from becoming overwhelmed, and accordingly will flat the epidemic curve as shown in figure 1.
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Figure 1, COVID-19 epidemic curve with and without protective measures.

In fact, a negative result of RT-PCR test does not negate the possibility of COVID-19 infection
because it has low sensitivity although it has high specificity. Hence, laboratory test is more
accurate than an imaging test to diagnose COVID-19 patients because an imaging test suffers
from false positive and false negative cases [4-6].

3. Classification Techniques

Over the centuries, several researchers directed their biggest attention to improve classification
techniques [7-12]. These techniques are extended from traditional to soft computing or data
mining techniques. Some of classification techniques which are widely applied are called NB
classifier, KNN classifier, ANN, FL, and DL [4-6].

3.1. Naive Bayes Classifier

One of most widely used as a statistical classifier is called Bayesian classifier. NB algorithm can
predict class membership probabilities depending on a simplified version of Bayes formula.
These probabilities, such as the probability that a given item belongs to a specific target class
[4,5]. According to a given target class, all NB classifiers suppose that specific feature’s value
does not depend on the values of other features. Abstractly, NB is a conditional probability
model that can be formulated by (1):
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In equation (1), the left side represents the posterior probability of class C; according to observed
feature values that are given in the item to be categorized, < f1, f2, ... ..... fn >. Additionally, the
denominator of the right side is a constant, hence, it is often omitted. Indeed, this constant is
easily calculated if one requires that the posterior probabilities of the classes sum to one. Thus,
learning with NB classifier is straightforward. It also includes simply estimating the probabilities
in the right side of equation (1) from the training items. So that, the result represents a
probabilistic summary for every one of the possible classes.

3.2. K-Nearest Neighbor Classifier

A nearest neighbor classifier supposes all items related to objects in the n-dimensional space.
KNN classifier is a popular technigue in both data mining and statistics [6,11]. It considered one
of the simplest and straightforward techniques that can handle multi-class problems [6,11]. KNN
is based on a distance measure which is required to determine the “closeness” of items [6,11]. An
item can be categorizes by arriving to its nearest neighbors and then electing the most popular
class through its neighbors, as shown in figure 1. To determine the class of a new item, KNN can
be expressed as following pseudo-code:

For each item S in the set
Calculate distance D(S,G) between S and every other item G
Neighbors = the K neighbors in the training set that are most similar to S
Get the majority vote from neighbors.

End For
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Figure 1: The K-Nearest Neighbor Method.

The execution of KNN depended on two major operators which are; no. of neighbors to be used,
and similarity measure [6,11]. Widely, no. of neighbors to be used is dependent on experimental
results. Generally, the similarity can be measured by using Euclidean distance that is the most
common way [11]. Euclidean distance is the most universal, between two vectors A;; and Bj, the
Euclidean distance is defined by (2):

D (Ai, B|) :\/Z ;1:1 (Air'B[r)Z (2)

3.3. Artificial Neural Network Techniques

ANN is a data-driven machine learning technique that is used to solve non-linear problems.
Actually, ANN is inspired from neural networks in the human brain [1-6]. According to figure 2,
the main components of ANN are represented in three layers which are; (i) input layer, (ii)
hidden layer, and (iii) output layer [4-6]. The use of input layer is to train the model in the
training phase or to get forecasting in the testing phase from input data set. The hidden layer is
used between the input and output layers, while the output layer is used to give the final result(s).
There are three different criteria to design ANN which are; the interconnections between the
different neurons of different layers, the learning methods, and each neuron’s activation function
based on the input.
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Figure 2: Main components of ANN.

ANN is a flexible and adaptable technique that can solve non-linear forecasting problems. ANN
models can be used for COIVD-19 patients diagnosis using some of indicators as inputs. One of
the ANN’s drawbacks is that its models are subject to overfitting as the application of ANN is
the black-box nature of the model. Additionally, ANN suffers from no transparency related to
physical interpretation.

3.4. Fuzzy Logic

FL describes systems in terms of a combination of numeric and linguistic [9,17]. FL is a data
mining technique that has many benefits such as it is simple and robust. Additionally, FL is
flexible and easy to be implemented. Thus, it can be used to diagnose the COVID-19 patients.
Although FL is a very convenient method for uncertain or approximate reasoning, it should be
built with the full guidance of experts. The membership functions for the small, medium, and
large fuzzy sets can be illustrated according to one input in figure 3. Additionally, these
functions are formulated in (3)-(5) [9]:
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Figure 3: Membership function for any input.

3.5. Deep Learning

DL is a data mining technique that uses multiple layers to progressively extract higher-level
features from the raw input [18]. Most modern DL models are based on ANN,
specifically Convolutional Neural Networks (CNNs). The word "deep” in "deep learning" refers
to the number of layers through which the data is transformed. Actually, DL process can learn
which features to optimally place in which level on its own. DL has been shown to produce

competitive results in medical application such as COVID-19 diagnosis [18]. The difference
between ANN and DL is shown in figure 4.
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Figure 4: Difference between ANN and DL.

4. Important Role of 10T in COIVD-19

loT technology plays an important role in different phases of various infectious diseases [19].
There is an essential need for patients to be connected with and monitored by their physicians
proactively in different phases of COVID-19. In fact, 10T technology has main role in response
to COVID-19 in three main phases; which are; (i) early diagnosis, (ii) quarantine time, and (iii)
after recovery [19]. In early diagnosis phase, there is an essential need for faster diagnosis due to
the high rate of contagiousness of COVID-19. That is because an asymptomatic patient can
easily spread the virus to others. In quarantine time phase, 10T devices in this phase can monitor
patients remotely with respect to their treatments and stay at home orders by the authorities [19].
Finally, after recovery phase, the chances of returning symptoms and potential infectivity can be
high. Thus, social distancing should be implemented by deploying IoT devices to prevent that
happening. These devices are bands and crowd monitoring devices. Many loT devices including
wearables, drones, robots, l0T buttons, and smartphone applications that are mainly utilized in
the forefront of combating COVID-19 [19].

5. Conclusions

COVID-19 patients diagnosis is an important issue for disease cure and control. Thus, it is an
important to find fast and accurate COVID-19 patients detection model that can quickly and
accurately diagnose the patients. In this paper, COVD-19 problem was discussed and also many
classification methods which can early detect COVID-19 patients were discussed. The effective
role of 10T in COVID-19 was discussed as loT was implemented in the infrastructure of the
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medical system that leads to make the system more automated and enable the medical staff to
monitor COVID-19 patients remotely.
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