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Abstract— As we are aware that Corona Virus is on a rampage 

across the world and is a major concern at present as it has 

affected exponential number of people all across the globe and has 

burgeoned within a very short span of time. Thus, pandemic 

simulation is essential as a scenario simulation and is performed 

by several kinds of models, the classical differential models, SIR 

model and the SEIR model are among the several models that are 

used to predict and study the outspread of a pandemic; the SIR 

model being the fundamental model and basic model to be used 

for the same. 

 

Keywords: Covid-19, infected, recovered, reproduction rate, recovery 

rate, susceptible, transmission rate. 

 

I.) INTRODUCTION 
COVID -19 is growing fast in many countries around the world. In 
the absence of availability of a proper medicine or vaccine, currently 
social distancing, self-quarantine and wearing a face mask have been 
emerged as the most widely-used strategy for the mitigation and 
control of the pandemic. In this context, mathematical models are 
required to estimate disease transmission, recovery, deaths and other 
significant parameters separately for various countries. In order to get 

an understanding of the outspread and predicting the further outspread 
of the virus, the SIR model will help us to visualise and predict the 
future possible outcome for the same. It also 
assists us to comprehend the virus’ spread in different countries, 
especially India, taking into consideration number of people that are 
susceptible, infected and those who have recovered or died from this 
virus. 

 
 

II.) LITERATURE SURVEY 
 

A. Existing System 

 
COVID-19 cases prediction using linear regression algorithms will 
assist to predict the future cases of the disease with an approximate 
number of total people infected and total number of deaths on the 
basis of the current data which will be processed by the linear 

regression algorithm, this is not as accurate in prediction with success 
of up to 56-62 percent. It does not take into consideration the 
flexibility and extreme variations in the uprise or the downfall of the 
cases over the period of time as it is evident in our present time 
because the fit of the curve of the data is not cohesive nor coherent. 
Other machine learning approaches though more accurate, does not 
account the flexibility and ease of implementation of the 
compartmental SIR model for epidemiology. 

Major issues associated with the existing system: 
1.) Accuracy percentage is on the lower side of the accuracy 
spectrum since fit to the curve is based on the present data, which 
may burgeon with passing time leading to contingencies. 2.) To 
concisely comprehend the behaviour of the COVID-19 virus with 

machine learning approaches, the implementation is 

time consuming and inculcates several unnecessary parameters which 
eventually turn into obscurity. 

 

 

B. PROPOSED SYSTEM 

Just because the rise in number of cases is exponential, it does not 
imply that we can fit the data to an exponential curve and predict the 
number of cases in the coming days. Compartmental model techniques 

are normally used to model infectious diseases. Same could be used in 
the case of COVID-19 too. 
The main aim of our system is to predict the behaviour of the 
COVID-19 virus as to how it is going to affect the human race in 
upcoming days. SIR model is a compartmental model used for 
simplifying mathematical modelling of infectious disease. The 
compartments that will be made of the total population will be: 

 

 S: Susceptible (can potentially catch the disease) 

 I: Infected (have disease and can spread it.) 

 R: Removed (who caught the disease but have 
recovered or died.) 

 

We will have mathematically conducted the analysis and would be 

able to predict: 

 The total number of people who might get infected by the 
COVID-19 virus. 

 How many people may catch the disease? 

 How many deaths we may witness? 

Using the compartmental SIR model for epidemiology, a concise and 
streamlined approach is implemented which not only predicts with 
accuracy but also considers the erratic fluctuations in the curve which 
occur due to irregular uprise or downfall of the number of cases, with 
the assistance of designated parameters, Fig. 6: 

 Beta (ß): Average number of contacts per person per time 
(transmission between S and I) 

 Gamma (Γ): Rate of recovery or mortality rate = 
Number of recovered/ Number of infected 

 Ro: An estimate of the number of people an average 
infected person will spread the disease to. 

 

This will enable us to know the future statistics of the disease and 
assist us to take steps in order to prevent or at least take precautions to 
avoid the spreading of the pandemic in the world and bolster our efforts 
to not reaching the expected or the predicted numbers as it may bring 
worst case scenarios in the world. We can then make predictions for 
its behaviour for individual countries, in our case, India. 
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III.) METHODOLOGY 

 

Fig.1 

 
A. Explanation: 

 
This will be implemented using python code, concisely by 
using “scipy” library. 

 
1. Getting raw dataset from John Hopkins university. The 

data is split across the following three files 

 Deaths 

 Recovered 

 Global cases. 
2. Using pandas, the dataset can be directly imported into 

data-frames, Fig. 2. It is much better to use the URLs 
than to download the file manually and then read it as it 
becomes easier to load and refresh the analysis with new 
data. 

 

Fig.2 

 
3. First, some exploratory analysis on the data is conducted 

and summarising of some stats and comprehending the 
trend in countries like India, United States of America 
and Spain is done. (Fig. 3, 

Fig. 4, Fig. 5 respectively). 

 
Fig. 3: Cases in India 

 

Fig. 4: Cases in USA 

 

 

 
Fig. 5: Cases in Spain 

 

4. Removing data discrepancies where data is not 
updated or has null values in it. Once these 

discrepancies are removed, forming data frames 
comprising of total number of cases, deaths and 
recoveries, for ease of understanding the trend of the 
virus. 

5. Then we will model the data on the SIR epidemic 
model using its designated parameters; beta, gamma 
and Ro, using mathematical approach. 

6. The model consists of three compartments: S for the 
number of susceptible, I for the number 
of infections, and R for the number of recovered or 
deceased (or immune) individuals. This model is 
reasonably predictive for infectious diseases which are 
transmitted from human to human, and where recovery 
confers lasting resistance. 

Each member of the population typically progresses from 
susceptible to infectious to recovered. This can be shown as a 
flow diagram, Fig. 3, in which the boxes represent the 

different compartments and the arrows the transition between 
compartments i.e.: Susceptible, Infectious and Recovered. 

http://www.ijsrem.com/
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Fig. 6 

 

7. Once the model is created predictions can be made for 

individual countries. 

 

 
IV.) IMPLEMENTATION 

The SIR model has the following major assumptions, 

 Population remains constant. 

 Rate of infective(ß) is proportional to contacts. 

 Infected either recover/ die at constant rate, Γ. 

In the model, the value Ro is an estimate of the number of 
people an average infected person will spread the disease to. If 
the value of Ro is greater than 1, then the disease probably 

continues to spread and if it is < 1 then the disease slowly dies 
down. Since COVID-19’s Ro is > 2, so an average infected 
person spreads it to 2 or more people who again spread it to 2 
or more people and that is how this infection continues to 
spread across the globe. There are other parameters in the 
model like and which needs to be estimated. We will 
implement our SIR model specifically for India. We have three 
major differential equations for SIR (S -Susceptible, I- 

Infectious, R- Recovered/dead) model, 

 

𝑆 
= −   

ß  
𝑆.  …(𝑞. 1). 

  

recovered category at a constant rate Γ. We now have our 
primary differential equations for our SIR model. 

B. Calculating the parameters: 

As pointed out earlier, when there is no infection, I+R=0, then 
by substituting S≈N into, we obtain the following equation: 

  
~     ß − Γ   …. 𝑞. 4 
𝑡 

Then, by integrating eq. 4 we get the following equation: 
 

 = 𝑜.  ß− Γ 𝑡…. (𝑞. 5) 

Where Io is the number of infectives at the start of the 
disease spread. We can now determine the values of ß and m. 
At the onset of the infection, almost the entire population is 
susceptible: i.e., S≈N. Therefore, I(t) first grows 
exponentially. 

 
 ~ . … (eq. 6) 
𝑡 

 

where m=β-γ is a constant term that represents the difference 

between transmission and recovery rates. 

  𝑡   ~ 𝑜. 𝑡… (eq. 7) 

Taking log on both sides we get, 

𝑛  = 𝑡 + 𝑛 𝑜…(𝑞. 8) 

𝑡 

 
 
= + 

ß 
  

 

 
 
𝑆.  − Γ. I…(eq. 2) 

 

 

 
 

Where, 

𝑡  

𝑅 
= Γ. …(𝑞. 3) 

𝑡 

 

 
Fig. 7 

ß = Average number of contacts per person per time 
(transmission between S and I), 

Γ = Rate of recovery or mortality rate = Number of 

recovered/ Number of infected 

N = S + I + R initially, which is independent of time ‘t’ 
and denotes the entire population. 

The eq. 1 indicates a direct contact between the susceptible and 
the infected based on our second assumption at a constant rate ß 
which is the rate of contact or the transmission rate. Since at the 
beginning, the entire population is susceptible to the virus, the 
number of susceptible cases gradually go on decreasing, 
signified by the negative sign, as they become infected cases. 

Consequently in eq. 2, the rate of change of the infected with 

respect to time, goes on increasing at a constant rate ß, at the 
same time, based on our third assumption, certain number of 
infectives either recover or die at a constant rate Γ, which is 
signified by (-Γ.I) part of the eq.2 having the negative sign. 

The gain in eq. 3 suggests that the number of people 
removed from the Infected category move into the 

 

The m value can be estimated from the log-plot data(fig.9) and 
by using, for example, least squares to obtain the best- line 
fit(fig.8). 

 

 
 

Fig. 8: m-estimate for India 

 
 

Determining the value of Gamma(Γ): 

http://www.ijsrem.com/
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𝑅 𝑡 + 1 − 𝑅 𝑡 

 𝑡 

Suppose I(t)=Io (constant), then we obtain the following 
equation from eq.3: 

𝑅 
= Γ. 𝑜…(𝑞. 9) 

𝑡 

Thus, by integration of eq. 9, we get: 

 

𝑅   𝑡    = Γ. 𝑡 . 𝑜…  𝑞 10 

 

If it takes t=T days to recover, then, R(T)=Io, or Γ.T=1. 
 

Thus, we obtained the following equation: 

1 
Γ  ≈ 

 
…  𝑞. 11 

Where T is the time required in days, for the recovery. 
From eq.3, for a change in time of dt=a, we obtain the 
following equation: 

 
𝑅 (𝑡 + ) 

= Γ. …   (𝑞. 12) 
 

 

 

 
 

 

 

 

 

Fig 10: Possible number of cases of COVID-19 and their 

category in the coming 100 days in India. 
 

Γ  ≈ ….  (𝑞. 13) 

 

Note that from eq.13 and eq.8 we can obtain the value of Beta 
or the transmission rate (ß). 

By directly estimating from the data set for India we obtain the 
following values: 

 
 

 

 
Fig. 9: Gamma or the recovery rate(Γ) for India 

 
In fig 8. gives us our Recovery rate(Γ), Transmission rate(ß) and the 

Basic Reproductive ratio (Ro) which is an estimate of the number of 
people on an average, the infected individual will spread the disease 
to and is calculated by: 

 
ß
𝑅𝑜 =     … 

 (𝑞. 14)          Γ 
 

By implementing all the above equations in Python and 
developing a function for the SIR model which calibrates the 
number of susceptible, infected and recovered/ dead cases the 
following result is obtained: 

 

 
Fig. 11: Graph of the infected, susceptible and recovered cases 

for the time span of 100 days in India 

The Fig.10 and Fig.11 suggests, in the coming days the number of 
susceptible cases will gradually decrease but at the same time due 
the basic reproductive ratio (R≈ 1.8), from fig. 9 being greater than 1, 
the disease will spread. Thus, the number of Infectives will 
exponentially increase at the same time. The recovery rate on the 
other hand compared to the exponential rise of infected individuals 
is on the lower side due the average recovery period being fourteen 

days for any infected individual. 

 
 

V.) CONCLUSION 

 
In our study we have taken the entire Covid- 19 dataset from John 
Hopkins University Centre for System Science and Engineering 
(JHU-CSSE), have simulated the SIR model on the Google Collab 
platform and have estimated the possible number of cases in the 
coming days. Based on our initial assumptions and the results thus 
obtained though not exceptionally accurate, show otherwise that 
the necessity for a lockdown and restricted movement is imperative 

to reduce the number of direct contacts as there will be a sharp 
increase in the number of infectives and comparatively due 

http://www.ijsrem.com/
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to a slower rate of recovery the disease will remain active for a 
prolonged period of time. 
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