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 

Abstract: To settle on right choices and pass on about vital 
control measures, numerous flare-up expectation models for 
anticipating COVID-19 are getting utilized all round the world. 
Straightforward conventional models have indicated extremely 
less precision rate for future forecast use, because of more 
significant levels of vulnerability and absence of proper 
information. Among the different machine learning model 
algorithms contemplated, an ensembled model was seen as giving 
the best outcomes. Because of the multifaceted nature of the 
virus's temperament, this research paper recommends machine 
learning to be an extremely helpful gadget to consider in case of 
the ongoing pandemic. This paper gives a colossal benchmark to 
call attention to the probability of machine learning to be utilized 
as an instrument for future exploration on pandemic control and 
its timely prediction. Moreover, this paper delineates that the best 
prompts for pandemic prediction are frequently comprehended by 
combining machine learning, predictive analytics and 
visualisation tools like Tableau. The main purpose of this 
research is to build a perfect ML model prototype which can be 
later used when access to appropriate dataset (which is both large 
and consists of many different features) is available. Also, the 
secondary aim is to automate the process of reporting so as to 
facilitate quicker action by the concerned authorities, and help 
common people reach out to the correct destination for treatment 
or help. Furthermore, the Tableau analysis performed on the 
dataset is to provide more analytical depths for people with 
expertise in the medical domain. 

Keywords: COVID-19, machine learning, predictive analytics, 
Tableau. 
 
Graphical Abstract 

                                      

I. INTRODUCTION 

The novel covid-19 virus still continues to pose an 
enormous impending threat to healthcare worldwide. 
 The amount of confirmed patients with the covid-19 
infection has crossed the mark of 75,000 in 
additional than 160 nations, since the onset of the disease 
in Dec’19 in China. Even quite 36,000 people are dead 
from exposure to the present virus (till 30 March 2020) 
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[2]. Inspite of continuous efforts from the general 
public health sector in controlling the spread of the virus 
and delaying its impact, many countries have now been 
subjected to an important phase of crisis, and more and 
more countries are sure to join this list. [3], [4], [5] All of 
this has led to an urgent increase within the demand for 
medical equipments like PPE kits, N-95masks for the 
security of medical staff, and also hospital beds for 
infected patients [6]. Urgent diagnosis and also prognosis 
of the virus-borne infection has become the necessity of 
the hour so as to reduce the burden on the healthcare 
sector, and also to supply for absolute best cure for the 
patients [10]. With having more and more accurate 
prediction models, the character of spread of the virus and 
its consequences are often referred to as it controls 
what the govt and other legislative bodies would decide 
regarding new policies and measures to contain the spread 
[7]. These accurate prediction models could be of great help 
to the healthcare workers in treating patients when only few 
even less than sufficient resources are available. Models 
starting from simple traditional ones to advanced ML models 
have been thought of and worked upon in order to share the 
related research work to help save lives around the world [6]. 
The research work has been split into three different modules. 
First one being the making of an advanced machine learning 
(ML) model which would help predicting the clinical testing 
report (positive/negative) of any person, related to the deadly 
Coronavirus. The second module consists of the automation 
of the process after prediction. Lastly, the third module 
consists of detailed in-depth analysis of various factors 
regarding the virus.The model, deployed as a webpage, would 
take various factors as input such as medical history, 
symptoms, travel history, state, etc. and then predict whether 
the concerned person has been infected by the COVID-19 
virus or not. Later, an automation system would mail the test 
reports (positive/negative), along with a link to an html map 
tagging all COVID-19 testing hospitals in India, as soon as 
the model finishes training and prediction, to the concerned 
person who entered details on the webpage. Furthermore, a 
Tableau dashboard would help in getting more detailed 
insights about the virus. Here, the concept of predictive 
analytics in healthcare has been used in aiding the diagnosis. 
As machine learning is considered a modern-day extension of 
predictive analytics, both concepts have been integrated while 
making the model. Understanding every facet of the nature of 
the virus, the observations of symptoms, and what a positive 
outcome is, in conjunction with the present scenario, is what 
truly makes machine learning combined with predictive 
analytics one of the best approaches in aiding diagnosis [8]. 
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With the current situation of the world being fighting the 
deadly COVID-19 pandemic, there is an immediate need for 
quick and early diagnosis, without having to manually test 
every other individual. Also, there is an even greater need to 
know more about the deeper insights of the virus so as to 
know its nature and impact, which is not yet very clear. This 
was the sole inspiration in carrying out this research. This 
research could prove to be highly beneficial in the testing 
phase for quick actions to be taken with the people diagnosed 
with positive symptoms. 

II. LITERATURE REVIEW 

This global COVID-19 pandemic comes across as 
even weirder thanks to non-linearity 
which successively results in complexity of its nature[9]. 
Furthermore, this virus-borne pandemic is 
extremely different from other pandemics within 
the past like MERS and SARS, which forces one 
to consider the power of traditional ML techniques to 
supply accurate results[10].Aside from the 
varied features(known/unknown) participating within 
the spread, the growing complexity of differences within 
the behaviour across the world in various geographical 
areas and also the differences within the various strategies 
of containment adopted further increases the uncertainty 
of the model during a dramatic manner [11],[7]. 
The usage of various ML techniques to cure different 
outbreak medical situations of the past is shown below in Fig 
1. [1]. 

 
Fig 1.: Usage of various ML techniques to cure different 

outbreak medical situations of the past 

III. PROBLEM STATEMENT AND SOLUTION 

To build an advanced prediction model for diagnosing traces 
of the covid-19 virus in suspected patients, and also for 
predicting the people who are at risk of being affected so that 
they can be admitted to the hospital urgently [6]. Also, 
visually show different statistics related to COVID-19 so as to 
help with gaining deeper insights into the problem and its 
cure. For the solution, the first task at hand was to gather a 
dataset that was large enough, along with containing 
important features as columns. A lot of datasets were gone 
through, but none of them fulfilled both of the requirements. 
In the end, a dataset was finalised that was just a perfect blend 
of the two. Since the datasets related to the COVID-19 
symptoms are constantly changing and also are not 
extensively available as of now, the dataset finalised was 
taken for our model creation. Here, the end goal being to 
atleast perfecting our advanced model to the utmost level. The 
data used for prediction and analysis in this paper includes the 

official counts as released by MoHFW, the COVID-19 India 
API, as well as volunteer collected de-identified open source 
data (from Kaggle) until the first week of May, 2020 [7]. 
After the acquisition of the required dataset, now the focus 
was towards the pre-processing of dataset. In a ML process, 
data pre-processing is the initial step in which the data is 
transformed in such a way that the machine can easily read it i.e. it 
can be easily picked up by the machine’s algorithm. For data 
pre-processing, the steps performed on the dataset are data 
cleaning (i.e. Removing missing and duplicate values), 
dimensionality reduction (i.e. Feature selection – Filter 
method), feature encoding (i.e. converting categorical 
variables into numeric form). 
Initially, the dataset consisted of the following features: age, 
region1, region2, detected state, nationality, travel history, 
disease history, symptoms and label. For the data cleaning 
step, the column region2 was dropped, as a column named 
region1 already had the same values. So, the duplicate column 
named region2 was removed. 
Next for the dimensionality reduction part, correlation 
analysis was carried out using the Filter method. All of the 
features showed a positive correlation with the column 
showing the prediction outcome (named label), in the 
heatmap plotted.  

 
Fig 2.: Usage patterns of various ML algorithms 

Lastly, for the feature encoding part, the values in columns 
such as gender, region1, detected state, nationality, travel 
history, disease history, symptoms and label, were converted 
from categorical form to numeric form (into a dummy 
variable). 
To make a predictive ML model, a choice had to be made 
among the various ML algorithms given below, in order to 
select the most efficient model to train the chosen dataset: 

 Logistic Regression 
 Random Forest  
 KNN (K-Nearest Neighbours) 
 Decision Tree 
 SVM (Support Vector Machine)  
Given below in Fig 2., is the histogram showing usage 
patterns of various ML algorithms [12]. 

An ensemble learning method was used to enhance the 
predictive model’s accuracy.  
Ensemble method is a ML technique that combines various 
ML models and produces one single ensemble model with the 
best optimal accuracy [13]. 
Many people together forming a diverse group would make 
better decisions rather than an individual person. This is the 
underlying concept used for making an ensemble model [14].  
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For this research, the technique of max voting has been used 
in the final ensemble model. In this, many models are 
combined and used to make predictions for each data point. 
The output from each model is marked to be a ‘vote’. The 

predictions collected from the most number of the models is 
then used as the final result of the prediction. 
Eg- When 5 people were asked to rate a particular movie (out 
of 5), and if four of them rated it as a 4-star while two of them 
gave it a 5-star rating, the final rating would be taken as 4, 
keeping in mind the majority rating. It can be considered as 
taking the mode of all the predictions [14]. 
A diagrammatic representation of the ensemble model created 
is shown in Fig 3. 

 
Fig 3.: Diagrammatic representation of the Ensemble 

Model 

The ensemble model above uses multiple learning algorithms 
(such as Logistic Regression with GridSearch, KNN with 
GridSearch, Decision Tree with GridSearch, Random Forest, 
and Support Vector Machine with GridSearch) to obtain 
better predictive performance than could be obtained from 
any of the constituent learning algorithms alone [16].So, it 
was tried to combine some of the ML model techniques 
together as an ensemble model.  

IV. RESULT AND ANALYSIS    

A confusion matrix was brought to use to realize the 
quality of accuracy for the classifiers built using all 
different ML algorithms. The diagonal elements of the 
matrix shown below represents the amount of 
points that the prediction is true which is labelled as a 
‘true label’ (TP/TN), while the off-diagonal elements of 
the matrix show those number of points which are 
mislabelled by the classifier and are a ‘false label’ 

(FP/FN).  
Here, True positives (TP) means the cases in which we 
predicted yes (they have the disease), and they do have the 
disease. 
True negatives (TN) is when the classifier predicted no, and 
they don't have the disease. 
False positives (FP) is when the classifier predicted yes, but 
they don't actually have the disease. 
False negatives (FN) is when the classifier predicted no, but 
they actually do have the disease. Greater the amount of 
diagonals in the confusion matrix, the higher is that 
the indicating power of the model to form accurate 
predictions [15]. Accuracy rate is the overall 
performance of the classifier i.e. how often is the classifier 
correct? It is calculated using the formula: (TP+TN)/total OR 
it can be seen in the classification report, named as weighted 
avg. 

Misclassification/error rate is the overall of how often is 
the classifier wrong? It is calculated using the formula: 
(FP+FN)/total OR 1-accuracy rate. 
Below in Table 1., a detailed analysis of various parameters 
taken from confusion matrix (TP, TN, error rate) as well as 
the classification report (accuracy or weighted average) for 
the various combinations used is shown, which helps in 
determining which model combination should be chosen as 
the prediction model. It clearly shows that the parameters of 
the ensembled model are the best. 

 
 
 

Table 1. : Detailed analysis of parameters of confusion 
matrices of all model combinations used. 

 
The accuracy results, error rate, and, precision given by each 
of the ML model combinations were compared using the table 
above. Then, comparisons between the model accuracies of 
the models individually and along with various accuracy 
enhancing techniques, were carried out. Also, various 
different hit-and trial combinations of all these techniques 
mentioned above were tried. Finally, the following results 
(shown in Table 2.) gave the overall best accuracies, out of all 
the combinations. 

Table 2: Comparisions of accuracies of the model 
combinations used. 

ML Technique Combinations 
Accuracy 

(in %) 

Logistic Regression 97% 

Logistic Regression+K-fold Cross 
Validation 

97.54% 

KNN 97.65% 

KNN + Grid Search 98.04% 

Decision Tree 98.23% 

Decision Tree + Grid Search 98.29% 

Random Forest 98% 

SVM 97% 

SVM + Grid Search 98% 

 
 
 
 

ML Model  TP TN Accuracy 
 rate 

Error 
Rate 

Logistic 
Regression + 
K-Fold CV 

200 110 97.54% 2.46% 

KNN + 
GridSearch 

180 110 98.04% 1.96% 

Decision Tree + 
GridSearch 

180 100 98.29% 1.71% 

Random Forest 180 110 98% 2% 

SVM + 
GridSearch 

180 100 98% 2% 

Ensemble of the 
above models 

180 110 98.97% 1.03% 
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The most accurate combination options for each model were 
taken and ensembled together using the Ensemble Learning 
Technique. The final result of the ensemble model came out 
to be the best (giving an overall accuracy of ~98.97%), shown 
below in Table 3.                           
 
Table 3: Final selection of models used for the ensemble 

model, with highest accuracy. 
Model Combination Accuracy (in %) 

Logistic Regression + 
K-fold Cross Validation 

97.54% 

KNN + Grid Search 98.04% 

Decision Tree + Grid 
Search 

98.29% 

Random Forest 98% 

SVM + Grid Search 98% 

ENSEMBLE of the above 
models  

98.97% 

V. AUTOMATION  

The automation part was to automatically send an email 
containing the test reports (positive/negative), along with a 
link to an html map tagging all COVID-19 testing hospitals in 
India, as soon as the model finishes training and prediction. 
For building the automation system, we used the SMTPLIB 
module which is used to send an email to any machine 
available via internet connection with any IP via an 
STMP/ESTMP daemon, in the form of a session [17][19]. 
Below in Fig 5., is the snapshot of the automatic email sent to 
the user, containing the map file. 

 
Fig 5.: Snapshot of the automated mail sent 

 The html map was created using the Folium library in python 
which uses OpenStreetMap to show the map. The map can be 
seen below in  
Fig 6. 

 
Fig 6.: Folium map showing tags of hospitals testing 

and treating COVID-19 

VI. DEPLOYMENT  

Deployment is a very crucial step to make any ML model of 
some use to the public (end users). Here, Flask (a web 
application framework written in Python) has been used to 
deploy the final ensembled ML model as a web page. Below, 
in Fig 7., the layout of the basic “COVID-19 Predictor” 

webpage can be seen. 

 
Fig 7.: Snapshot of the basic layout of the COVID-19 

Predictor webpage 

VII. VISUALISATION  

For the aspect of visualisation, Tableau worksheets, which 
would help in gaining deeper insights into the nature and 
impact of the virus, were created. It would also come in handy 
in knowing about the current preparation level and ways to 
enhance it. Here, a live data extract has been used as a data 
source which constantly gets updated on a daily basis. 
Snapshots of some of the sheets (both static and interactive) 
are shown below from Fig 8. to Fig 13. 
NOTE: The Tableau worksheets below show visualisations 
related to COVID-19 upto atmost the first week of May. 

 
Fig 8.: Top-20 Rank-wise (as per cases) 

Fig 8.: An interactive sheet showing the details of total cases 
of top-20 countries (rank-wise), updated daily. Here, the top 
20 countries in the view keep changing as the total cases 
increase or stay same, as the date changes. 

 
Fig 9.: Case Statistics and Forecast 
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Fig 9.: A static sheet showing statistics and forecast of 
confirmed, cured and death cases in India, along the entire 
timeline. Here, it can be noticed that the graph is not too steep 
i.e. there’s no exponential growth even in the predicted phase, 

which is a good sign. 

 
Fig 10: Hotspots 

Fig 10.: A static sheet showing the three hotspot zones 
(district wise) – red, orange and green in different states of 
India. A district is decided to be designated as a red zone if it 
satisfies any one of the following conditions: 
 it has a total of 4 infections while the state is fortunate 

to have a total of only 5, 
 or if district disease-load increases from 1 to 2 in four 

days? [18] 

 
Fig 11.: Patient Health Details 

Fig 11.: An interactive sheet showing all the patient details of 
all affected people, along the entire timeline. The status of 
patients shown is of three categories – Deceased, 
hospitalized, and recovered and is shown with the colours red, 
orange and green respectively. With each date of the month, it 
can be seen how the status of cases have changed. 

 
Fig 12.: Case Types (Country-wise) 

Fig 12.: An interactive Tableau sheet showing the country 
wise-case types (confirmed & death) around the world, along 
a timeline starting from the beginning of the pandemic to the 
latest date. Here, the size of the dot is proportional to the 
number of cases in that country. Just with the click of a button, 
the dot sizes increase with change in dates along the entire 
timeline. 

 
Fig 13.: Preparation Level 

Fig 13.: A static sheet showing the preparation level of states 
in India, in terms of the total number of public healthcare 
facilities. It is shown using a colour range from brown to blue, 
where more brownish shade colour means more number of 
total public healthcare facilities in that state. Here, it can be 
concluded that some states such as Rajasthan, Maharashtra 
need to become more prepared with the availability of their 
healthcare facilities. 

VIII. LIMITATIONS AND CONSTRAINTS 

The absolute motto of prediction model (one dedicated to 
the job of predicting whether a person is infected with a 
disease or not) is to supply help to the healthcare unit in 
decision-making. Thus, it's essential to identify a target 
population on which the future predictions made would be 
of some use to medical field, and a dataset containing 
patient symptoms data on which the prediction 
model could be developed then tested. This targeted 
population must be known accurately such the 
performance of the developed model are often tested, and 
thus the users could know which is that the audience while 
making predictions. Obviously, because of time 
constraints and lack of data from targeted audience, the 
sort and amount of knowledge entries isn't enough as of 
now. With new publications and research work on 
covid-19 related ML models being subjected to the 
medical work field with such rapidity, the predictor model 
built can't be viewed as an up so far predictor with all the 
new symptoms of COVID-19. supported the predictors 
included in various other models on COVID-19, more and 
more factors must be considered incorporating several 
candidate predictors: like temperature of patient’s body, 

respiratory signs, loss of hearing/taste, etc [6]. 
An important point to be considered is that the model in 
itself gives very accurate results. Since there are limited 
datasets available, with accurate and enormous amount of 
patient entries, the dataset chosen gave the 
simplest accuracy results.  
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Nevertheless, a minimum of the simplest prototype for a 
COVID-19 Predictor has been built as of now. within 
the future, as more and more patient data regarding 
symptoms is formed available, the dataset are 
often always updated and trained for an ML model with 
even better accuracy, to supply with more and more 
accurate information for the utilization of healthcare 
sector because the research findings increase on this 
subject worldwide[6]. 

IX. CONCLUSION 

The ensemble advanced ML model was created that 
successfully predicts the COVID-19 status 
(positive/negative) of any person who enters his/her details in 
the webpage. The automation part would prove to be useful 
for quick action to be taken if a particular person is predicted 
to be positive. The advanced ML model prototype can be 
considered as the best as of now. This model can be used as a 
way to predict COVID-19 positivity (however mild, 
moderate, or severe), without the need to perform extensive 
testing for every other person in the country, as it’s a very 

tedious task to test everyone in a country like India, with more 
than 1.3 billion population. Thus, as soon as someone tests 
COVID-19 positive by this model, he/she could go to their 
nearby hospitals immediately and isolate themselves. 
Furthermore, the dashboard made can be used for future 
analysis and forecasting for the COVID-19 curve. It can be 
very beneficial for COVID-19 researchers to get more 
detailed insights about the spread and nature of the virus. This 
would help in combating the virus in a better, more efficient 
way. 
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