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Abstract: This paper deals with seven mathematical models within the current COVID-19 

pandemic situations. We developed a number of mathematical models which are 

compartment solutions of nonlinear differential equations. These models are useful for 

research scholars, faculty members and academicians in the area of mathematical biology. 

Also, we study these models and parameter estimation from real-world problem (data of 

COVID-19 in World Health Organization (WHO)). The researchers discussed to analyze 

the possible solutions of each model in the general discussion section. The researchers 

recommended that at the end of the year 2020, there will be a reduction on the spread and 

an increased recovery rate of COVID-19. These situations are fully changed and return to 

the normal life very soon. In this paper to the researchers discuss the simple SIR model 

compared to real-life data for COVID-19 pandemic in Tamilnadu by district wise. This 

model helps to predict the future calculations of Susceptible, Infections, and Removed 

people from the total population and reproduction number 0R . The researchers conclude 

that the infection rate is increased for the next two months (September and October, 2020), 

and death rate percentage is also possible to decrease from the number of total 

populations. Also the researchers recommend the continuous lockdown for these two 

months and for all people to follow the instruction given by the Tamilnadu Government. 

 

Keywords: COVID-19, Mathematical Models, Nonlinear Differential Equations, SIR 

Model. 

 

1. INTRODUCTION 

 

Globally, as of 7th August 2020, there have been 18,902,735 cases (278,291) confirmed 

cases of COVID-19, which includes 709,511 deaths (6,815) reported to the World Health 

Organization (WHO) [1]–[5]. It is possible to develop lot of new models from these seven 

models. All data are available in WHO’s data base and gather data bank [6]-[10]. A number 

of researchers under the current pandemic COVID-19 situation found many mathematical, 

with initial and boundary, conditions [11]-[20].  The researchers obtain to predict future 
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solutions of the existing COVID-19 pandemic and to check it our system, if it is valid or not 

[21]. Each mathematical model has numerical and approximation solution with calculate the 

current situation report from real life data of COVID-19 [22]-[30]. Also, it is easy to predict 

the future report from the current COVID-19 data [11]. All real-life data of COVID-19 are 

useful to develop new differential equation with parameter estimations such as SIR, SEIR, 

etc. The new model validations and development are used such as the system of nonlinear 

differential equations [31]-[33]. The researchers obtain good analytical results for these types 

of system with environments fluctuations. In Figure 1, it shows the different types of 

COVID-19 structures which are provided by the World Health Organization in their official 

website. We have used the SIR model for real-life theoretical outcome. 

 

 
 

 

 

 

 

Figure 1 Different Shapes of COVID-19 

 

 

2. THEORETICAL FRAMEWORK 

 

These models are useful for studies which involve COVID-19 and [22]. Let us consider the 

following procedure for handling the nonlinear ODE: 

 

 collect COVID-19 current data from WHO and MoHFW (Ministry of Health and 

Family Welfare, Government of India); 

 find the parameter estimation through any suitable model; 
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 create a new mathematical model from already published suitable model, and use the 

current situation; 

 analyze stability, sensitivity, and bifurcation etc; 

 discuss the optimal control problem for nonlinear systems; 

 choose any of the analytical method of the developed model in the study; and 

 choose any of the current numerical methods for simulation.  

The researchers utilized a number of useful links for data collection and a review of related 

literature for the present situation. This type of equation is solved analytically through 

different methods such as ―Homotopy Perturbation Method, Homotopy Analysis Method, 

Homotopy Perturbation Transform Method, Differential Transform Method, Variation 

Iteration Method, Modified Variation Iteration Method, Modified F-Expansion Method, 

Generalized Separable Variable Method, and Variation Homotopy Perturbation Method‖. 

Current Numerical Methods are used through Finite Difference Methods, Finite Element 

Methods, B-Spline Finite Element Method, Wavelet Galerkin Finite Element Method, Keller 

Box Method, Differential Quadrature Method, etc., in order to estimate numerical simulation. 

To estimate the relevant parameters from the data and to validate the proposed model, 

numerical analysis and computer simulations will be undertaken. Generally, the researchers 

analyze the COVID-19 model such as positivity and boundedness, biological feasible region, 

basic reproduction number, ―disease free equilibrium point‖ (locally& global asymptotically 

stable), unique ―Endemic equilibrium point‖, and stability analysis (local and global stability, 

direction of bifurcation (forward) at R0 and sensitivity). Also, the researchers minimized the 

control optimal solution for the cost function subject to the model equations with initial 

conditions. Though ―Pontryagin's Maximum Principle‖ and optimality condition, the 

researchers obtained the required optimal control functions and use Forward-Backward 

Sweep Method [31]. 

 

3. METHODOLOGY 

 

In Mathematical Model 1, it is possible to write three types of distinct models such as host 

model, people model, and reservoir model. Hence, we have to develop the three different 

solutions from this first model. 
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In Mathematical Model 2, the researchers developed a number of models for these equations 

such as SEIR, SEIAR, SEIAHR, SSqEIR, SEEqIR, SEIHR, etc. Here, this model is very 

useful for those researchers who are just beginning their studies which are related to of 

COVID-19. 
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In Mathematical Model 3, we create a number of models for the following equations: SEIR, 

SEIFR, SEIPFR, SEIPAR, SEIRF, SEIHRF, etc. Here, this model is useful for those who are 

starting with their studies related to COVID-19. 
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In Mathematical Model 4, similarly, this model also helps to create a number of new good 

models. 
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In Mathematical Model 5, similarly, this model helps to create a number of new good 

models. 
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In Mathematical Model 6, similarly, this model helps to create a number of new good 

models. 
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In Mathematical Model 7, similarly, this model helps to create a number of new good 

models. It is possible to develop a number of new models from each mathematical model. 

21

1 2

( )

1 1 ( )

A S

A S

S I IdS SP
b E S

dt P I I


 

 


    

  
 

21

1 2

( )

1 1 ( )

A S

A S

S I IdE SP
E E E

dt P I I


  

 


    

  
 

(1 ) ( )A
A A A

dI
E I I

dt
          

( )S
S S S

dI
E I I

dt
        

S S A A

dR
I I R

dt
      

A A S S P

dP
I I P

dt
      

 

4. RESULTS 

 

In the previous section, we have discussed a number of COVID-19 models. However, in this 

section, we have to analyze the SIR model from the real-life data. The transmission of 

persons from the compartment of S(t) to the compartment of I(t), and from the compartment 

of I(t) to the compartment of R(t) can be described by a set of three system of nonlinear 

differential equations with only two parameter estimations. The simple SIR model assumes 

that a total population can be divided into three different compartments: 
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where, 

( ) :S t fraction of susceptible 

( ) :I t fraction of infected persons 

( ) :R t fraction of recovered persons 

0 : infection rate 

1 : removal rate  

Basic Reproduction Ratio 0
0

1

R
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Relative Removal Rate 1

0





  

Average Infectious Period 
1

1


  

Initial Conditions: (0) (0,1], (0) (0,1], (0) 0.S I R    

(0) (0) 1S I  . Let us define the domain: 0 1[0,2]& (0,1].    

The researchers took the parameter values from Table 1 and calculations of the SIR model. 

The researchers also provided the excel sheet for 14 days in Table 2 of COVID-19 pandemic 

in Tamilnadu. Figures 2-6 show the two parameter estimations for the whole SIR system 

predictions in the current situation. 

 

Table 1. Parameter Values Used in Excel Sheet 

 

dt 0.25 

0  0.8 

1  0.1 

R0 8 

Peak 0.62719308 

Days to Recover 10 

 

Table 2. Compartment Values Used in Excel Sheet for 2 Weeks 

 

Day S(t) I(t) R(t) 

0 0.999 0.001 0 

0.25 0.9988002 0.0011748 2.5E-05 

0.5 0.99856552 0.00138011 5.437E-05 

0.75 0.9982899 0.00162123 8.88727E-05 

1 0.9979662 0.00190439 0.000129403 

1.25 0.9975861 0.00223689 0.000177013 

1.5 0.9971398 0.00262726 0.000232935 

1.75 0.99661585 0.00308553 0.000298617 

2 0.99600084 0.00362341 0.000375755 

2.25 0.99527905 0.00425461 0.00046634 

2.5 0.99443215 0.00499515 0.000572706 

2.75 0.99343868 0.00586373 0.000697584 

3 0.99227363 0.00688219 0.000844178 

3.25 0.99090783 0.00807594 0.001016232 

3.5 0.98930732 0.00947454 0.001218131 

3.75 0.98743268 0.01111233 0.001454994 

4 0.98523814 0.01302906 0.001732803 

4.25 0.9826708 0.01527067 0.002058529 

4.5 0.97966959 0.01789012 0.002440296 
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4.75 0.97616431 0.02094814 0.002887549 

5 0.97207454 0.02451421 0.003411252 

5.25 0.96730862 0.02866728 0.004024107 

5.5 0.96176259 0.03349662 0.004740789 

5.75 0.95531944 0.03910236 0.005578205 

6 0.94784839 0.04559585 0.006555764 

6.25 0.9392048 0.05309954 0.00769566 

6.5 0.92923053 0.06174632 0.009023149 

6.75 0.91775521 0.07167798 0.010566807 

7 0.90459865 0.0830426 0.012358756 

7.25 0.8895746 0.09599058 0.014434821 

7.5 0.87249645 0.11066897 0.016834586 

7.75 0.85318479 0.1272139 0.01960131 

8 0.8314774 0.14574095 0.022781657 

8.25 0.80724134 0.16633348 0.026425181 

8.5 0.78038708 0.1890294 0.030583518 

8.75 0.75088386 0.21380688 0.035309253 

9 0.71877504 0.24057054 0.040654425 

9.25 0.68419182 0.2691395 0.046668689 

9.5 0.64736321 0.29923962 0.053397176 

9.75 0.60861986 0.33050197 0.060878166 

10 0.56838985 0.36246943 0.069140716 

10.25 0.52718506 0.39461249 0.078202451 

10.5 0.4855783 0.42635394 0.088067764 

10.75 0.44417266 0.45710073 0.098726612 

11 0.40356633 0.48627954 0.11015413 

11.25 0.36431712 0.51337176 0.122311119 

11.5 0.32691109 0.53794349 0.135145413 

11.75 0.29173915 0.55966685 0.148594 

12 0.25908381 0.57833052 0.162585671 

12.25 0.22911659 0.59383947 0.177043934 

12.5 0.2019049 0.60620518 0.191889921 

12.75 0.17742574 0.61552921 0.207045051 

13 0.15558359 0.62198313 0.222433281 

13.25 0.13622952 0.62578762 0.237982859 

13.5 0.11917937 0.62719308 0.25362755 

13.75 0.10422967 0.62646295 0.269307377 

14 0.09117047 0.62386058 0.28496895 
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Fig 2. Parameter Estimation of 0 10.5& 0.1.    

 
Fig 3. Parameter Estimation of 0 10.5& 0.2.    
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Fig 4. Parameter Estimation of 0 10.5& 0.3.    

 

 
Fig 5. Parameter Estimation of 0 11& 0.5.    
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Fig 6. Parameter Estimation of 0 12& 0.8.  

 
 

5. DISCUSSION 

 

In view of the current mathematical models, the researchers gathered COVID-19 data from 

the particular domain for WHO or related website [14] (https://bit.ly/patientdb). After the 

collection of data, the researchers identified the suitable model (SIR, SEIR, SEIRS, etc.,) 

from other countries as ideas of Kar TK et al in 2019 [5]. Each suitable model had a number 

of parameters available. We checked if the parameters are valid for our current situation in 

Indian Council of Medical Research (ICMR), Government of India [4]. Suppose, these 

parameters are valid in our system and find the suitable model for parameter estimation. 

There are many parameter estimation models are available such as least square method, 

gradient-based algorithm, SIR Poisson Model, Markov-chain model, age structured SIR 

model, and iterative algorithm etc. The researchers derived the parameter values through 

Excel sheet preparation for least square method. The researchers carried out the graphical 

representation with the help of MATLAB [33]. However, the researchers in this study have 

given a number of mathematical models for COVID-19 pandemic’s present situation. The 

same techniques were used for all models in order to predict the future infected ratio. 

 

6. CONCLUSION AND RECOMMENDATION 

 

These types of nonlinear ODE had discussed a number of numerical and analytical solutions 

which are available in literature. The researchers aspire to develop new models from the 

mathematical problems initially presented with initial and boundary value problems such as 

gives good results. Also, beginning researchers will be able to easily develop new models and 

will be able to solve numerically or analytically from the COVID-19 pandemic’s present 

situation, with compare the system of equations are valid or not from current published data. 
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Finally the researchers compare their mathematical model from the current COVID-19 data 

and validated the outcome for the system. The researchers compared to get some results from 

the real-life data from COVID-19 Tamilnadu and they found out that the next two months 

complete lockdown is required. Through this order, it is possible to decrease the death rate 

and to increase the infection rate. The researchers calculated all the compartment populations 

from the reproduction number of the whole system. If the researchers change the 

reproduction number, the whole system will automatically be changed. The simple SIR 

model is helpful to predict future calculations and to present calculations from the current 

COVID-19 Tamilnadu data. 
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