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Abstract: The study is an exploratory data analysis and cataloguing of regions from India 

based on the varieties of COVID-19 infected cases using unsupervised learning approach, 

World Health Organization's COVID-19 Situation Reports are refereed for this study. These 

reports provide worldwide details of the current COVID-19 epidemiological situation, 

present official case, death counts, and transmission classifications and so on. It is observed 

from the dataset that the highest number of active cases i.e. 10,17,754 on 18
th

 September 

2020. In this context,we model the trajectory of the cumulative confirmed cases and deaths of 

COVID-19 via a piecewise time series model. Weanalyze the trajectory of the cumulative 

COVID-19 cases and deaths for majorregions of India and discover interesting patterns with 

potentially relevant implications of the pandemic responses by different regions. We further 

have applied k-means clustering approach for the visualization of Indian regions. The clusters 

of the regions are formed based on the parameters such as Confirmed cases, Active cases, 

Cured cases, and Total deaths. This work exhibits the performance of the unsupervised 

learning technique by experimenting with several iterations and clusters. The sum of square 

errors is considered from each cluster to measure the performance of the k-means clustering. 

 

Keywords: clustering; kmeans; time series; exploratory analysis; 

 

1.0 Introduction 

 

Artificial Intelligence and Machine 

Learning are playing vital role in resolving 

outbreak of the COVID-19. Researchers 

Wongvibulsinet al have designed machine 

learning calculator that provides the 

COVID-19 hospitalized patients 

predictions of severe illness or death [3]. A 

team of scientists at the University of 

Liverpool, UK, has used a combination of 

fundamental biology and machine learning 

for the prediction of new virus strains [4]. 

This finding could help to target the 

surveillance for new diseases.BECKER‟S 

HEALTH IT journal has reported Artificial 

Intelligence tool by Los Angeles-based 

University of Southern California to 

remove uncertainty from medical diagnosis 

[5]. 

 

Pandemic time series forecasting strategy 

using Recurrent Neural Networks (RNN) 

for prediction of the future number of 

confirmed cases of COVID-19based on 

several factors such as transmission rate, 

temperature, and humidity has been 

proposed  in [9]. Such time series analysis 

and visualization can give better insights of 

the covid 19 spread out over a tie period.  

 

In this context, authors have presented the 

cluster analysis and visualization of Indian 

regions based on COVID-19 metrics. The 

dataset for the present study is retrieved 

from an open access data platform [1]. The 

cluster analysis is carried out by applying 

K-means clustering approach. It is 

observed from the dataset that the highest 

number of active cases i.e. 10,17,754 on 

18
th

 September 2020 [2].Hence the region 

wise infected cases as on 18
th

 September 

was considered for the analysis. The 

clusters of the regions are formed based on 

the parameters such as Confirmed cases, 

Active cases, Cured cases, and Total 
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deaths. In this division regions are 

clustered into five groups of size 10,18, 3, 

1 and 3. 

 

2.0 Methods and Materials 

 

In continuation to the scenario mentioned 

in the introduction, Indian regions COVID-

19 metrics are taken into account to 

analyse similarities of the regions and 

assigned them to the clusters. The 

parameters such as Confirmed cases, 

Active cases, Cured cases, and Total deaths 

of these regions as on 18
th

 September 2021 

taken from COVID-19 Situation report. 

The screenshot of the partial dataset is 

shown in the figure 1. It has found that the 

infected cases were 0 for Laksdweep, so it 

is excluded from the dataset. The basic 

statistical analysis of this dataset is shown 

in the figure 2. It‟s observed that 

Confirmed cases, Active cases, Cured 

cases, and Total deaths are highest in 

Maharashtra. Where as the Confirmed 

cases and Total deaths are minimum in 

Mizoram. 

 

 
Figure 1: Screenshot of the partial dataset 
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Figure 2: Basic Statistical Summary of COVID-19 as on 18th September 2021 

 

The K-means clustering, an unsupervised 

classification technique is applied for the 

present study [3]. The K-means 

techniquederives a collection of k clusters 

using a heuristicsearch starting with a 

selection of k randomly chosen 

clustersearch of which in the beginning 

represents a cluster mean. Further the 

clustering depends on estimating likeness 

between regions by figuring the separation 

between each pair. The similarity is 

estimated concerning the mean estimation 

of the regions in a group.  

 

3.0 K-means Clustering for COVID-19 

Metrics Analysis  

 

The region wise metrics of COVID-19 

cases are analysed and clusters are formed 

in R platform, an opensource data mining 

platform. State wise COVID-19 records are 

clustered based on four parameters. A 

single record Cirepresented as 

multidimensional data vector and is 

defined as:  

 

Ci= [Confirmed casesi, Active casesi, 

Cured casesi, and Total deathsi]  

Where i = 1 to 35 

 

It is required to specify the number of 

clusters in K-means clustering. Figure 3 

shows the plot for “Number of clusters” 

against "within groups total of squares". 

This parameter should be minimized for 

the selection of number of clusters [4]. Plot 

shows that “within groups sum of squares” 

decreases to a certain point 5, and 

afterwardthere is no much significant 

decrease in value. Hence it‟s decided to 

design 5 clusters. 

 

 
Figure 3: Number of clusters against within clusters sum of squares 

 

The R function kmeans() is applied to get 

clusters of Indian regions based on 

COVID-19 metrics. The k-means analysis 

is experimented by changing number of 

clusters by keeping number of iterations 

15, as constant. The experiment is 

evaluated using within clusters sum of 

square errors and BetweenSS/TotalSS [5]. 
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The ideal value for BSS/TSS i.e. the 

properties of internal cohesion and external 

separation should approach 1.  The 

summary of k-means clustering shown in 

the figure 4. The ratio BSS/TSS 98% 

shows the accuracy of the clustering. K-

means forms 5clusters of size 10, 18, 3, 1 

and 3 based on COVID-19 metrics. 

 

 

Figure 4: K-means clustering summary for Indian regions based on COVID-19 metrics 

 

4.0 Time Series Analysis  

 

In extension to cluster analysis,  authors 

have  carried out  time series analysis and 

visualization of covid 19 virus outbreak  in 

different regions of India to study the 

trajectory of covid 19 growth curve from 

March 2020 to Feb 2021. 

 

In current analysis month wise the average 

number of confirmed  cases and deaths 

are compared in different regions of India, 

this visualization presents  a snapshot 

indicating the  trend of spread over time.  

 

Figure 5. shows the R script for averaging 

the  confirmed cases, active case and 

deaths in each region grouped by  month is  

computed and then visualized the growth 

using  ggplot with facet wrap. 
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                          Figure 5: R script of Time series analysis and visualization 

 

5.0 Results and Discussions 

 

The Indian regions as on 18
th

 September 

2021 are clustered into five groups based 

on COVID-19 metrics. The K-means 

clustering technique employed for this 

purpose. The clusters and the participating 

regions are tabulated in table 1. Analysing 

the cluster means, we can relate each 

group with each of the 5 classes of 

regions:  

 Only Maharashtra in Cluster 4 with 

maximum number of Confirmed cases, 

Active cases, Cured cases, and Total deaths 

 The regions falls under cluster 2 have 

minimum count Confirmed cases, Active 

cases, Cured cases, and Total deaths 

 Cluster 3 formed by Andhra Pradesh, 

Karnataka and Tamil Nadu is second 

highest  

 The regions Delhi, Uttar Pradesh and West 

Bengal forms Cluster 5 falls at 3
rd

 position 

 

Table 1: Clusters and participating regions from India 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 

Assam 

Bihar 

Gujarat 

Haryana 

Kerala 

Madhya Pradesh 

Odisha 

Punjab 

Rajasthan 

Telangana 

Andaman and 

Nicobar Islands 

Arunachal Pradesh 

Chandigarh 

Chhattisgarh 

Dadra and Nagar 

Haveli and Daman 

and Diu 

Goa 

Himachal Pradesh 

Andhra Pradesh 

Karnataka 

Tamil Nadu 

Maharashtra Delhi 

Uttar Pradesh 

West Bengal 
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Jammu and 

Kashmir 

Jharkhand 

Ladakh 

Manipur 

Meghalaya 

Mizoram 

Nagaland 

Pondicherry 

Sikkim 

Tripura 

Uttarakhand 

 

Figure 6 shows cluster plot for 1
st
 and 

2
nd

principle components. Plot reveals that 

cluster 2 is dense and some of the data 

points of cluster 2 are closer to cluster 1. 

There is no overlapping of cluster 3 and 5 

with others.  Cluster 4 with single data 

point away from the other clusters. 

 

 
Figure 6: Cluster plot for 1st and 2nd principle components 

 

As per the Time series analysis done the average covid confirmed cases and its growth curve  

are shown in Figure 7 

 
Figure 7: Region wise growth curve of covid 19 confirmed cases  
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Plot in Figure 7  shows change in the rate 

of spread from Feb 2020 to March 2021 in 

different Indian states/ regions. 

Maharashtra state showed an exponential  

growth  curve  between period July to Nov 

whereas region like  Andhra Pradesh, 

Delhi, Karnataka , Uttar Pradesh , Tamil 

Nadu, West Bengal shows a logarithmic 

growth curve from month of July 2020 

onwards, It is also observed that growth  

rate remains same in Gujarat, Goa, 

Madhya Pradesh Rajasthan, Odisha, 

Telegana  from July 2020. 

 

Figure 8 shows month wise  plot of 

average number of  confirmed cases and 

cured cases grouped by region,Blue colour 

indicates confirmed cases and Green 

colour  for cured cases.It is observed that 

number of cured cases are inline with the 

number of confirmed cases.  

 

 
Figure 8: Average confirmed cases and cured cases grouped by region 

 

Plot in Figure 9 shows month wise average 

confirmed cases, cured cases, deaths  

grouped by region, this plot clearly 

indicates that even in regions with 

exponential growth of confirmed cases  

like Maharashtra, Delhi, Karnataka, 

Andhra Pradesh  the death rate is steady 

compared with confirmed cases.  

Figure 9:  Region wise comparative plot of covid 19 confirmed case, cured cases and 

deaths 
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6.0 Conclusion 

 

This study has demonstrated the K-means 

clustering as tool for analysing Indian 

regions based on COVID-19 metrics. The 

dataset for the present analysis retrieved 

from COVID-19 situation report on 18
th

 

September 2021. The 35 Indian regions are 

clustered into five groups based on the 

status of infectedas on 18
th

 September 

2021. This analysis has illustrated cluster 

formation and visualization by modulating 

number of clusters. Thus unsupervised 

learningtechnique results into 5groups of 

regions of sizes 10, 18, 3, 1 and 3. It‟s 

observed that Confirmed cases, Active 

cases, Cured cases, and Total deaths are 

highest in Maharashtra. Where as the 

regions falls under cluster 2 have minimum 

count for these parameters. The result 

depicts that k-means has the potential for 

Indian regions clustering based on COVID-

19 metrics. The time series analysis and its 

visualization has shown an interesting 

trend of number of confirmed cases and 

deaths. The case fatality rate or CFR, 

which measures deaths among Covid-19 

patients is comparatively very low as 

compared to confirmed cases. Even in 

badly-hit state like Maharashtra the death 

rates have kept low all along, even as cases 

rose. There are many attributes which 

could contribute to this relatively low 

fatality ratelike immunity deriving from 

previous infections but moreover high 

demographic of younger population in 

India  could be one of the factor as elderly 

are typically more vulnerable. 
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