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ABSTRACT: 

 The novel Corona virus (Covid) started to spread across the globe in 2019, Still the researches was not able to find whether 

surviving a COVID-19 infection is possible. In this situation the mathematical models are used to find the Suspected, Isolated, 

Recovered and deceased coronavirus patients. In future the mathematical model will helps to find the virus and its dynamical 

behavior to point out. This research paper explore SEIR compartmental model for the COVID-19 pandemic (SEIR COVID). This 

SEIR models will state that helps to control the pandemic. This study, examined the isolated people who are affected by covid, and 

also this helps to predict in particular time period, how many people affect. Here we using  Routh Hurwitz criterion we find the 

stable of the virus and also time decay equation. 

 

INTRODUCTION  

          According to theory of probability Analysis, and interpretation of numerical data are devoted by using this theory COVID-19 

epidemiological statistics, the epicenters of the epidemic of India is identified.Our country faces challenges in order to control 

COVID-19 virus.This model (SEIR) helps to control the virus and isolate the patients who are affected by COVID-19. To find the 

solution approximately a compartmental SEIR (Susceptible, Exposed, Infectious and Recovered). The SEIR COVID helps to sort 

out who are affected by COVID-19 which makes them isolate. The testing Result gives the individual who have developed symtoms, 

When it is asymptomatic infection then it is referred to as positive cases. This determines whether it is Positive or Negative by the 

system of stabililty. 

The Differential equation and algebraic equations are used for SEIR COVID in order to estimate epidemic based on the rate of 

transmission.  Taking SEIR model we have proved positive and negative cases by using SIR model ( feature are Susceptible(S), 

Infected(I), and Recovered(R)). This model helps to track the incubation period of virus. This model was published by the authors 

to anticipate the occurrence time for peak numbers cases in china. The model SEIR COVID is used for calculating the number of 

confirmed cases. Based on this cases, the local Government try to avoid infectious disease in various methods. The goal of this 

model is to find infected person and made them to isolate. In 2020, Zhou Tang.X founded Prediction of New Coronavirus Infection 

Based on a Modified SEIR Model. 

 According to SEIR for COVID-19 the treatment such as Quarantine can minimize the contact rate of latent persons. As a solution 

for tracking COVID-19 infection an SEIR COVID model is used in misdiagnosed patients and those in isolated. This paper helps 

to estimate COVID-19 spread by using delay differential equation. 

 

2. MODEL DESCRIPTION 

A fundamental epidemic model, the SIR model, predicts a theoretical number of disease infectious cases in a confined community 

over time. Assume that the population for the SIR model is fixed and that the communicable agent's development period is short. 

The compartment model is made up of three boxes that divide the population into several unique groups. 

                      S - People who are at risk of contracting the epidemic. 

                      I - People who have already been affected and can spread the disease to the S. 
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                     R- Recovered or deceased individuals. 

 Most infectious diseases have different incubation periods depending on their nature. The incubation or growth phase (immunity 

period delay, infection period delay, and incubation period delay) can be added to the basic model to affect the system's behavior. 

One of the most popular and commonly used techniques for capturing biological backgrounds is SIR models with time delay. We 

develop a new group called the Revealed Group to take the fundamental model to a more realistic level (C). 

 

  

S – Susceptible Population   

E – Exposed Population 

I – Infected Population 

Q – Isolated Population 

R – Recovered Population 

–The Rate at which the Susceptible Population moves to Infected and Exposed                   Population.  

infected. 

Presents the rate at whichexposed people take onside as isolated. 

γ  infected people were added to an individual is displayed. 

 The rate at which an isolated persons recovered. 

 

 

= A-  

 

 =  

 =  

=                                                                                                           (1) 

For System (1) , Let N=  ,S= e=  , i= and q=  and rescale  the system (1) to get the normalized form. 

= A -                                                                                                   (2) 
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                                                                                     (3) 

 =                                                                                                                 (4) 

  = -                                                                                                                (5) 

=                                                                                                                      (6) 

 Model outputs: The outputs of the mathematical model used to asses the simulation results are presented here. 

The number of cases Susceptible on day t is 

S(t) = +  

The number of cases Exposed on day t is 

E(t) = + ]dt 

 The number of cases Infected on day t is 

I(t) = +  

The number of cases Isolated on day t is 

Q(t) =  +  

 The number of cases Recovered on day t is 

R(t) = +  

Where , , ,  are the initial values in their respective states. 

 

2.1.Analysis of Stability 

          The steady states and characteristic equations from the set of delay differential equations will be required to analyze the 

stability of delay differential equations. 

We can find E(t) after we know S(t) and I(t) because the term E(t) appears only in the differential equation,  derivative of itself. 

The steady states can then be found by solving the differential equation above for zero, i.e. 

 = =   =  = 0 

  It’s simple to prove that the system has two positive equilibrium states, namely 

1) Zero Disease equilibrium  = ( , , , ) 

2) Pandemic Equilibrium = ( , , , ) 

 The Zero disease, Pandemic Equilibrium and stability of system (2) depends on the basic reproductive number ,which is 

determined with the help of the next generation matrix method[15]. 

Therefore, The first steady state Equilibrium  = (1,0,0,0) 

Consider the following matrices for finding the basic reproductive number . 

F=  

V=  

Now Jacobian of F and V at C are, 
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                                                    F=  

                                                    V=  

The dominant eigen value of  represents which is 

As the reproduction number =  

Implies =  

From equ (3) 

=  

From equ (1) 

=  

From equ (4) 

=  

From equ (5) 

=  

Therefore, The second state pandemic equilibrium is 

=  

 

2.1.1. Theorem 1: 

The SEIR_COVID system’s Zero Disease equilibriumis asymptotically stable if  and unstable if . 

Proof: 

Consider the Jacobian Matrix equations below 

 =  

 = βe i µI 

 

Jacobian Matrix for the above equation 

J=  

At the deceased equilibrium point, the Jacobian Matrix is written as  

=  



Copyrights @Kalahari Journals Vol.7 No.4 (April, 2022) 

International Journal of Mechanical Engineering 

1468 

 The characteristic equation for the Jacobian matrix J  is det(J λI) = 0 where I is the 3x3 unit matrix. Therefore, 

=0 

(-µ-λ) (  =0 

µ λ=0,  , 

µ 

= µ) 

= µ) 

Therefore, all the Eigenvalues of the characteristic equation are negative if . Hence the equilibrium point  is locally 

asymptotically stable if  and unstable if . 

 

2.1.2. Theorem 2 : 

As a result,if ,everyone of the eigen value of the characteristic equation are positive,indicating that the pandemic 

equilibrium E* is asymptotically stable locally.  

Proof:  

The Jacobian matrix is 

J=  

Pandemic equilibrium point , thenthe  Jacobian matrix is 

=  

The characteristic equation for the Jacobian matrix is det(J λI) = 0 

=0 

⇒  

⇒  

+[ ]=0 

⇒  

Where that is 

= µ +2µ+γ+1=0 

 

=  

If >1. i.e. are positive if >1. 
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If , > 0 and , >  according to the Routh-Hurwitz criterion, the system is asymptotically stable. 

Then =  

Is asymptotically stable. 

  

 

 

3. Data Analysis, Model fitting, and results 

COVID-19 epidemic in India with an  value of  November to May are represented in table 1. In India, the pandemic is certainly 

not spreading at that rate. In figure 1 represents as the day wise COVID-19 cases (confirmed, active, isolated and recovered) in India 

and day wise COVID-19 Isolated cases of India are shown in figure 2. 

Table 1.  value of India 

Month 
 

November 1.01 

December 1.22 

January 2.2 

February 2.9 

March 0.93 

April 1.07 

May 1.36 

 

Figure 1: 

Day Wise Cases India 
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Figure 2: Isolated Cases in India 

4. Conclusion 

The SEIR Compartmental model is used to diagnosed COVID-19 for Isolation and analysed. Routh-Hurwitz criteria were used to 

investigate the steady-state of this model. In this SEIR COVID model, zero disease equilibrium and pandemic equilibrium variables 

were employed to improve infection prognosis. The COVID-19 epidemic will be predicted effectively using our suggested SEIR 

COVID model. 
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