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ABSTRACT

The aim of this paper is to deeply analyze the Corona-Virus Diseases (Covid-19) using data mining based K-Means
Clustering technique. Medical Science in data mining is an emerging field that has proposed a lot of advanced techniques
in analysis of a particular disease. Treatment of coronavirus is getting more and more challenging due to complex
structure, shape and texture of the virus. Therefore, by advancing in data mining, K-Means methodology has been
proposed to analyze the covid-19s in the world. The advancement in this field created an urge in me to research more on
the techniques and methodologies developed for covid-19 extraction. During the outbreak of an epidemic, it is of
immense interest to monitor the effects of containment measures and forecast of outbreak including epidemic peak. To
confront the epidemic, a simple K-Means model is used to simulate the number of affected patients of Coronavirus
disease in Irag. The inhibition effect or precautionary measures also influence the spreading of a pandemic. If the
inhibition factor increases up to 50%, then 0.5 million patients will be existing in Iraq till the end of this year. This
number will exceed 1 million, if precautionary measures decrease to 50%. The worst effects of the disease appear in the
community if we remove all the barriers. In such a case, this malady may increase by affecting 55% population till the
end of this month. This number will start to decrease after September.

Keywords: Patients, K-Means, Clustering, Data Mining, Covid-19, Reported Cases, Analysis, Iraq.

1. Introduction

This research paper proposes K-Means Clustering based methodology to segment a covid-19 and reported
cases from Covid-19 data and determine correlation for all of the disease. For this several data mining
techniques have been implemented and analysis is provided regarding the efficiency of the data mining
technique used. Each Covid-19 data is passed through an imaging chain where the data is preprocessed to
remove noise and is further enhanced to improve the contrast of the data. This paper proposes five different
data mining techniques which are then applied to the data to extract the covid-19 as mentioned in [1]. These
data mining techniques include data mining, data preprocessing, feature extraction, watershed data mining and
conversion. Applying each of the data mining techniques allows us to determine the most appropriate method
to segment the covid-19 from each of the data. Normalized cross-correlation on each of the segmented covid-
19s is then applied to determine the accuracy. Also, the foreground (covid-19) regions and the background
regions are taken to compute cross-correlation between the target variable and covid-19 region of the texture
data to determine how cases of the covid-19 region are closely correlated with each other as mentioned in [2].
The covid-19 region represents the case values for the foreground points extracted using the MATLAB
command from texture data. The texture data is generated by applying the K-Means Clustering method. In
order to enhance the texture characteristics of the data, a smoothing filter is applied to the texture data. This
helps me to understand texture features more clearly.
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Figure 1: The structure of coronavirus [3].
1.1. Research Problem

The novel Coronavirus (Covid-19) pandemic was affirmed to have arrived in Irag on February 21%, 2020. The
first patient has been observed in Baghdad Iraq in the federal territory of the country [3]. Within a week of the
appearance of the initial two cases, this pandemic started to increase in other areas of the country. On 21 of
February 2020 first case of covid-19 was reported in Iraq, the quantity of affirmed cases in the nation is
standing at 91456 till 19" July 2020, with (25.7% of the cumulative cases) recuperation and 33346 (2.2% of the
cumulative cases) deceased and Iraq is, right now, the area with the most elevated number of cases at over 0.5
Million reported cases till December 2020. Applying appropriate data mining techniques followed by data
mining operations helps in retaining only the relevant covid-19 portions and suppresses the covid-19 portions
of the data to a large extent. This will help in analyzing meaningful portions of the data very efficiently.

1.2. Aim of Study

We want to develop state-of-the-art coronavirus cases and infections based on the available data using K-
Means in data mining applied to human body data samples. We provide justifications for selecting K-Means
as our base method, which is further extended to directly support multi-scale classification. The work also
provides an insight into the theory behind K-Means applied to human body. We describe the input and output
representation used in our network and provide the derivation of clustering for the used loss function. In the
end, the network architectures are used in this work. This makes the classifier capable of predicting potential
infections of covid-19 and reported Covid-19 cases of data from dataset.

e Provide an overview of previous works and achievements on classification of coronavirus and reported
cases.

e Apply K-Means Clustering methods to the unified dataset to perform classification with less data loss and
more accuracy.

o Evaluate and compare used K-Means Clustering, as well as compare with other studies from the literature.

e Develop an K-Means Clustering based novel methodology with good results for covid-19 and predict the
cases up to December 2020.

2. LITERATURE REVIEW

Modeling is a science of creative capabilities connected with profound learning in a variety of strategies to
represent physical phenomena in the form of mathematical relations. In the prevailing situation, agencies,
which control the diseases and maintain all the data of diseases, are publishing data of Covid-19 on daily
bases as mentioned in [4]. This data includes number of people having positive corona tests, number of
deaths, number of recoveries and active number of cases, and also cumulative data from all over the world.
So, an appropriate model, with much accuracy, is needed at this level. Low dimensional models, with a small
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number of compartments and having parameters which can be determined with the real data with good
precision, are better to study and forecast the pandemic [5]. A high dimension’s model requires a huge number
of parameters to describe it but this huge number of parameters cannot be found with enough precision [6]. In
the absence of details, compartmental epidemic models describing the average behavior of the system can be a
starting point. Even the simplest models contain several variables, which are hard to determine from the
available data. The minimal K-Means model describes the behavior of the susceptible S(t), the infected I(t),
and the removed (recovered or deceased) R(t) populations [7, 8]. Numerous models have been published on
Covid-19 [9]. To the best of our knowledge, it has not been focused on the implications of mathematical
model to guess the future trend of Covid-19 disease in Iraq as well as in Irag. Thus the present study is taken
to fill this gap. Hence it was not possible to calculate normalized cross-correlation for the covid-19 extracted
using K-Means technique. The author in [11] also tried to superimpose the region using the data mining
method. The author in [10] was not able to use the features generated from the Covid-19 data using the data
mining method. Therefore, using normalized cross-correlation, Researchers in [13] have determined if the
covid-19 extracted has some noise present in it or not for all of the data mining techniques except Covid-19
data.

To estimate the early dynamics of Covid-19 infection in Iraq, we modeled the transmission through a
deterministic K-Means model. We are choosing the K-Means model because in present situation worldwide
data contains the infectious patients, recovered and deaths only, so from that data we can have an average
death rate and recovery. We estimate the size of the epidemic for both countries. We also forecast the
maximum level of Covid-19 patients and the time period for approaching the endemic level through model
simulations. The dreadful effects of the pandemic, if precautionary measures or social distancing were ended,
have also been analyzed. We also perform the sensitivity analysis of the parameters by varying the values of
transmission rate, disease-related death rate, recovery rate and the inhibition effect.

linear
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Figure 2: Total covid-19 cases from February 15 — July 18 represented by linear line [14].
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Figure 3: Total covid-19 cases from February 15 — July 18 represented by logarithmic line [14].

In this paper [15], the author used the data that is converted to double and appropriate texture filter method is
applied to determine the texture features of the data. In the program, the best texture filter found was Random
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Forest technique. In [16] the author tried to enhance the textures of the covid-19 region (foreground) and
structure region (background), smoothing filter is applied. In [17] the program, user-defined filter matrix is
provided to smoothen the data. Greater the size of the filter, better the features can be seen. The foreground
(covid-19) regions and background (structure) regions are extracted using the GMM technique. A target
variable vector is initialized which consists of two classes: 0 for structure region and 1 for covid-19 region.
Now cross-correlation is applied to compute the correlation between target variable and covid-19 region to
determine the degree to which the cases of the covid-19 region are closely correlated with each other. In this
paper [18], the cross-correlation is computed using MATLAB. The covid-19 region represents the case values
for the foreground points extracted using the data mining from the texture data. In this way, the authors have
determined how the cases in the covid-19 region are closely related to each other. However again this value of
cross-correlation completely depends on the way we select the foreground and background points using the
data mining method. If we do not select the points properly; that is for example if the points of the covid-19
region (foreground) are considered at the edges or borders, there is a possibility that we may not get an
accurate cross-correlated value.
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Figure 4: The typical flow of converting raw data into knowledge [19].

Author in [20] has used the methods except manages to extract the covid-19 correctly. Also compared to the
first output, we can see some noise in the output. Due to this, the normalized cross-correlation values
displayed are not tending towards. This is because of the inefficient threshold values used to segment the
covid-19. This is because there is hardly any noise seen in the data. However, this normalized cross-
correlation technique is not applied to the covid-19 generated from the data mining technique. The reason is
that in reported cases, researchers determined the covid-19 features and plot the regions based on the features
extracted using the data mining techniques. Due to this, the region is not superimposed on the original data.
The region is just highlighted to display the result. Hence it was not possible to calculate normalized cross-
correlation for the covid-19 extracted using the data mining technique. However, in [21] output of the covid-
19 data mining is so clear that by just looking at the output, one can predict the accuracy. For eliminating the
noise and display better results, better threshold values can be selected. Also in [22], only depicts one covid-
19 is extracted instead of both the covid-19s. This has resulted due to two possibilities. First is the area range
provided is smaller which neglects the required covid-19 portion of the data. The second possibility is due to a
higher threshold value. Therefore, in this paper [23] which is presented on increasing the area range and
decreasing the threshold, the region of interest can be extracted accurately. In this way unnecessary noise can
be eliminated and correlation values that are tending towards one are displayed. However, in paper [24] the
author devised any of the data mining techniques, doing any changes may result in accurate results for some
data and produce noisy output for some data. Also after extracting the foreground and background portions of
the data, researchers have determined how the cases in the covid-19 region are closely related to each other by
computing the cross-correlation between target variable and covid-19 region.
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Figure 5: Cumulative confirmed cases around the world [25].

In this paper [26], the idea was not successful because author was unable to extract the proper features
accurately using those methods. Therefore, this idea did not help me in computing the correlation coefficient.
These problems would have occurred due to the exposure of the data. Due to this reason, author extracted the
foreground and background cases accurately and determined cross-correlation between foreground cases of
the texture data and target variable. This foreground and background points are obtained using the data mining
from the texture filtered data. Also using K-Means data mining method, authors in [27] has extracted the
covid-19 and structure regions to compute cross-correlation between the target variable and covid-19 region.
The target variable is a vector consisting of human body represents the covid-19 region in [19] which
represents Irag region. In this paper [20], the covid-19 region represents the case values for the foreground
points extracted using the python programming from the texture data. This texture filtered data is obtained
using the texture filter command, using data mining method. In order to enhance the texture of the foreground
and background region, smoothing filter is applied on the texture generated data as described in [28]. In this
way cross-correlation is used to determine how cases in the covid-19 region are closely related to each other
presented in [29]. However again this value of cross-correlation completely depends on the way we select the
foreground and background points using the data mining method. If we do not select the points properly; that
is for example if the points of the covid-19 region (foreground) are considered at the edges or borders, there is
a possibility that we may not get an accurate cross-correlated value.

Also the proposed data mining technique fails to produce accurate results if the data is over exposed and has
no covid-19 in the data. This is because each of the data mining techniques segments the brightest portion of
the data based on the area range and the threshold value specified as described in [30]. Therefore, these data
mining algorithms consider the over exposed white regions as covid-19 and display the needed result. Hence,
it does not produce an output as expected as shown in [31]. Also there are data where they are over-exposed
and covid-19 regions are present. In such cases, along with the covid-19 regions, the over-exposed portion is
also considered as a covid-19 which leads to inaccurate results presented in [32]. Similarly, this technique also
fails if the data is under exposed and has a covid-19 present. This is because, the covid-19 region that is
expected to be extracted will not be segmented due to inappropriate threshold value as described in [33].
These problems occur due to the exposure of the data. Hence if we are successful in controlling the exposure
of the data by using histogram equalization, there is a possibility that we could get better results. This texture
filtered data is obtained using the texture filter command, data mining method. This computation is done to
determine how cases of the covid-19 region are closely related to each other. Compared the efficiency and
accuracy of covid-19 extracted after every data mining technique using data mining. The covid-19 cases
extracted are compared with the data to check if noise is present in the data. If noise is present, we can
conclude that covid-19 segmented is not accurate as it has some noise in it. Otherwise, the covid-19
segmented is accurate and correct as presented in [34].
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3. Materials & Methods

The proposed methodology initially involves applying different preprocessing techniques the data to sharpen
the relevant portions of the covid-19 data after that K-Means Clustering is applied. We also forecast the
maximum level of Covid-19 patients and time period for approaching the endemic level through model
simulations. The dreadful effects of the pandemic, if precautionary measures or social distancing were ended,
has also been analyzed. We also perform the sensitivity analysis of the parameters by varying the values of
transmission rate, disease-related death rate, recovery rate and the inhibition effect.

3.1. Analyzing the Covid-19 Outbreak

The coronavirus 2019-20 (COVID-19) pandemic was affirmed to have arrived in Iraq on 24™ February of this
year. Due to the spread of coronary disease in China, the government of Iraq reported two weeks of isolation,
starting from 21° April, for its residents which were coming back from the influenced regions. On the very
next day, the lrag government declared a few preventive measures, including assignment of five clinics as
separation-habitats for new cases, arrangement of warm scanners on airport terminals, and uniquely assigned
lines for travelers originating from zones influenced by COVID-19 outbreak. For avoiding the virus expansion
several steps were taken by the government like on 9™ May the authorities reported discontinuance of trips to
and from China via all terminals also the Special National Emergency Situations Committee ordered to close
all schools on the same day. Two days later, on 11" May, the Government distributed a rundown of the fifteen
rules in regards to the mindful social conduct in forestalling the spread of Covid-19. Specialists have forced a
prohibition on all religious, scientific, sports, social or diversion occasions with more than 100 members for
the next three weeks.
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Figure 6: The total active cases in Iraq as of July 18, 2020 [14].

3.2. Dreadful Effects of Removal of Social Distancing and Precautionary Measures

We know that the major factor to avoid from the Covid-19 are social distancing and precautionary measures,
in our model we have considered v as this major factor. Now, if we have the present scenario and we consider
do not take care of v then we can see from the figure that almost 33% population of the whole country will be
infected till 19" of July, 2020 and this is the peak of infection after this it will start decreasing. According to
the present recovery rate, disease-related death rate, and estimated values of transmission rate, we observe that
if we remove the social distancing and adopted precautionary measures then the worst effects appear in the
population. Almost 55% population will be infected up to 31 May and then infected people will begin to
decrease. Note that this situation will according to the current position. It means that it will happen only
according to current transmission rate, recovery rate, disease related death rate. However, the situation may
vary with the variation of these parameters.
3.3. K-Mean Clustering

K-Mean is clustering algorithm that works on vector quantization by selecting appropriate data levels, we can
successfully extract the covid-19 from the dataset. However, this method sometimes misses out relevant
portions of the data or sometimes considers unwanted portions of the data. Therefore, there may be situations
where only a portion of covid-19 may be extracted or certain structure regions along with the covid-19 may be
displayed. The regions that are displayed are completely dependent on the global threshold values that are
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computed by the data mining function in MATLAB. This data includes number of people having positive
corona test, number of deaths, number of recoveries and active number of cases, and also cumulative data
from all over the world. So, appropriate model, with much accuracy, is needed at this level. Low dimensional
models, with small humber of compartments and having parameters which can be determined with the real
data with good precision, are better to study and forecast the pandemic
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Figure 7: The basic k-mean clustering algorithm.

3.4. Structure of Model

In K-Mean type clustering model, the total population is partitioned into three categories, the susceptible (S),
the infectious (1), and the recovered (R). If the homogeneous mixing of people is assumed, the mathematical
form of the model is given as:
as BIS
at H 1+vl

a_ b3 +u+8)I
a- 1yor (@tutol

dR
T = al — uR.
In the above model, we assume that birth and death rate is equal and is denoted by p. The parameter f is the

transmission rate as a result of the contact of susceptible individuals with the infected ones. The incidence

. . . Is o
term is assumed to be nonlinear and is represented as % The parameter v represents the inhibition effect or

precautions that have been adopted to prevent the mixing of susceptible and infectious individuals. We
assume that the recovery rate of infectious individuals is o and 6 is the disease-related death rate. This returns
a labeled matrix which consists of positive integer values for different regions and for ridge lines. This data is
not very useful as there is only one catch basin spanning the entire data. Here catchment basins are the regions
we want to identify. Therefore, we take the compliment of our data and apply K-Means Clustering on the
complimented data after which we negate the distance in order to determine the bright catchment basins that

represents individual regions.
(1—p)o g Unreported
[ Recovered
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Figure 8: The structure of mathematical model represented by the block diagram.
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4, Results

The K-Means Clustering manages to show fairly accurate results for all of the datas. The covid-19 region is
represented by a white portion for thresholding and data data mining. In data data mining, the covid-19 is
represented by a gray region whereas for analysis of the covid-19 extracted. For K-Means Clustering, each of
the layer is sub plotted from where we can understand the layer in which the covid-19 is present. The
normalized correlation values that is obtained by computing the case values between the covid-19 extracted
and Covid-19 data also has values. This is because, there is hardly any noise seen in the data. However this
technique is not applied on the covid-19 generated from the K-Means Clustering technique. The reason is
because in K-Means Clustering, we determine K-Means Clustering features and plot the regions based on the
features extracted using the Matlab functions. Due to this, the region is not actually superimposed on the
orginal data. The region is just highlighted to display the result. Hence it was not possible to calculated
normalized cross-correlation for the covid-19 extracted using K-Means Clustering technique. However by
looking at the output, K-Means Clustering produces the best result as compared to other results.

Also after extracting the foreground and background portions of the data, we have determined how the cases
in the covid-19 ans seizure region are closely related to each other by computing cross-correlation between
target variable and covid-19 region. The covid-19 region represents the case values for the foreground points
extracted using the Matlab built-in commands whereas the target variable consists K-Means Clustering
technique are used represent structure region and represent covid-19 region and seizure region. This
foreground and background points are obtained using the Matlab commands from the texture filtered data.

(© (d)

Figure 9: Variation in the number of active patients on transmission rate S, death rate ¢, recovery rate « and
the inhibition effect v.

Figure 9a represents the dependence of number of patients on the variation of transmission rate §. This rate
tells that how many people are getting infection per day. For example if f = 0.097 then it means that 97
people are getting infection per day per 1000 people. We have taken five different values of B including the
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model fitted value p = 0.194, we can see that by increasing the transmission rate number of cases are also
increasing as expected, Table 1 contains all the possible number of patients.

Next, we will check the dependence of number of active cases on recovery rate, o. It is the rate which tells that
how many people are getting immunity from this disease. For example if a = 0.001 then it means that out of
1000 people one person is recoverd per day. We have taken four different values of a, one is our model fitted
value which is a = 0.015 and three from the real data, by observing the real data we perceived that average
recovery rate is maximum for the week 19" - 25 June, 2020 which is 0.037 and minimum for the week 15%-
21% June, 2020 which is 0.001, so we have considered these two values and fourth is the average of 0.037 and
0.001. Figure 9b represents the trend of active cases depending on a, we can see that number of Covid-19
cases is inversely proportional to the recovery rate o, which makes sense. All the possible number of cases for
all these values of a.

Next, we will see that how the death rate & effects the number of Covid-19 cases. It is the rate which tells that
how many people die from this disease. For example if 6 = 0.007 then it means that out of 1000 people seven
people die per day. We have taken four different values of 8, one is our model fitted value which is & =
0.00703844071 and three from the real data. We have seen that average death rate is minimum for the week
19" - 25M June, 2020 which is 0.004 and maximum for the week 15™ - 21t June, 2020 which is 0.00122985.
Fourth is 0.0008, it is the average of 0.004 and 0.001. Figure 9c is depicting the number of active cases as a
function of 6. We have calculated the number of Covid-19 cases for all these values of d. In Figure 9d, we
present our results for the number of patients as a function of the inhibition effect v. The model fitted value of
v is 30072. Since this number can also vary, we have taken four other values of v in Figure 9d. Since v is
proportional to the precautionary measures adopted by the Covid-19 patients along with the general
population, higher values of v means lower the number of active patients. The values that we have chosen for
v other than the model fitted value are v = 15036.1, 22554.2, 37590.2, 45108.3. We can see in Figure 9d that
the total number of Covid-19 patients ranges 0.5 million cases.
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Figure 10: Epidemic curve of COVID-19 patients in Irag.
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Figure 11: Comparison of actual data with estimated data and future prediction.
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Table 1: Weekly Expected Number of active cases, for Iraq, for the next month’s according to current

situation.
Estimated Number of Estimated Number of

Date Date
Cases Cases
03-May 2296 06-Sep 182257
10-May 2603 13-Sep 192767
17-May 3404 20-Sep 203211
24-May 4469 27-Sep 213599
31-May 6179 04-Oct 223937
07-Jun 12366 11-Oct 244230
14-Jun 20209 18-Oct 264487
21-Jun 30868 25-Oct 294710
28-Jun 45802 01-Nov 304903
05-Jul 60476 08-Nov 315073
12-Jul 77506 15-Nov 325218
19-Jul 91456 22-Nov 355345
26-Jul 97212 29-Nov 375458
02-Aug 108358 06-Dec 395552
09-Aug 149361 13-Dec 425636
16-Aug 159237 20-Dec 485708
23-Aug 164005 27-Dec 515770
30-Aug 171674 31-Dec 555803

5. Discussion

The result shows that K-Means Clustering is a powerful tool for data mining analysis. In the research, the
classification using K-Means Clustering technique proposed have been tested only on dataset. The data
collected is taken under different lighting conditions and at different cases reported. Also normalized cross-
correlation has been performed to determine the efficiency of the covid-19 extracted. This normalized cross
correlation is applied on all the data mining techniques except in K-Means Clustering. Cross correlation has
been computed between foreground and background cases of the texture feature extracted data to determine
how the cases of the covid-19 region are closely correlated with each other. Each methodology has some
drawbacks and may work for some data and work for all data. Using K-Means Clustering technique to classify
the covid-19 shows best result of the covid-19 region for the area range and data mining value specified for
most of the data as compared to other data mining techniques. If the transmission rate in Iraq increases 50%
and recovery rate and disease related death rate is taken for 30th April, according to reported data, then there
will be 9000 persons carrying Corona malady and if this rate decreases 50%, then 0.5 Million infected persons
will exist in the Iragi community by the end of this year. If we take previous average maximum weekly
recovery rate and disease related death rate, then there will be 5000 and 10,000, patients, respectively in Iraq.
Similarly, by assuming minimum weekly average recovery and disease related death rate will result 515770
and 555803, respectively. The inhibition effect or precautionary measures also influence in the spreading of
pandemic. If the inhibition factor increases up to 50%, then 0.5 million patients will be existing in Iraq till the
end of this year. This number will exceed to 1 million, if precautionary measures decreases to 50%. The worst
effects of the disease appear in the community, if we remove all the barriers. In such case, this malady may
increase by effecting 55% population till the end of this month. This number will start to decrease after
September.

6. Conclusion

In this study, we used a mathematical model to assess the feasibility of the appearance of Covid-19 cases in
Irag as well as the ultimate number of patients according to the current situation. We have used the K-Means
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clustering on MATLAB for analysis. By comparing model outcomes with the confirmed cases, it has been
observed that our estimated values have good correspondence with the confirmed numbers. If the current
pattern is going on then, according to our estimate, there will be 0.5 million infectious individuals in Irag by
the end of this year. Irag will bear the burden of 555803 till the end of December, 2020. The situation will
vary by the variation of transmission rate, death rate, recovery rate, and further implementation of social
distancing in Irag. It has been observed that average weekly recovery rate and average weekly disease related
death vary for Irag. In such case, this infection may increase by effecting 33% population till the end of this
month. This number will start to decrease after December, 2020. Although these estimates may vary with the
passage of time but it will really help us to observe the most influential factors that causes to increase the
epidemic. On the basis of this analysis competent authorities may design the most effective strategies in order
to control the epidemic.
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