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This paper proposes a three-phase Susceptible-Infected-Recovered-Dead (3P-SIRD) model to calculate an 

optimal lockdown period for some specific geographical regions that will be favorable to break not only 

the transmission chain but also will help country’s economy to recover and support infrastructure in 

a fight against COVID-19. Proposed model is novel since it additionally includes parameters i.e. silent 

carriers, sociability of newly infected person and unregistered died coronavirus infected people along 

with the infection rate, suspected rate and death rate. These parameters contribute a lot to figure out the 

more clear model, along with essential parameters. The model takes the testing rate of suspected people 

into consideration and this rate varies with respect to phase of the epidemic growth. Proposed 3P-SIRD 

model is divided into three-phases based on the awareness and sustainability of disease. Time is divided 

into different periods as rate of infection and recovery fluctuates region to region. The model is tested on 

China data and is efficient enough to propose a model very close to their actual figures of infected people, 

recovered people, died and active cases. The model predicts the optimal lockdown period as 73 days for 

China which is very close to their actual lockdown period (77 days). Further, the model is implemented 

to predict the optimal lockdown period of India and Italy. 

© 2020 Elsevier Ltd. All rights reserved. 
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. Introduction 

The surfacing of severe acute respiratory disorder coronavirus

 (SARS-CoV-2; formerly provisionally entitled 2019 novel coron-

virus or 2019-nCoV) disease (COVID-19) in China at the end of

019 has triggered an enormous worldwide outbreak and is a ma-

or public health concern. COVID-19 outbreak was first reported

n Wuhan, China on 31 December, 2019. The COVID-19 pandemic

s surging around the world and is accelerating at an exponential

ate. 

Outside of China, on 13 January 2020, the first Coronavirus

ase was reported in Thailand [1] and since then COVID-19 out-

reak has now spread rapidly all over the world [2] . On 30 Jan-

ary 2020, World Health Organization (WHO) has declared COVID-

9 as a Public Health Emergency of International Concern (PHEIC)

3] . Most people infected with the Coronavirus experience mild

o moderate respiratory ailment and get well without demand-
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ng special treatment. Older people and those with medical prob-

ems like chronic respiratory disease, cardiovascular disease, dia-

etes, and cancer are more likely to develop serious infection. The

OVID-19 spreads mainly through droplets of saliva or discharge

rom the nose when an infected person coughs or sneezes, so it

s essential that every people also practice respiratory protocol. As

f April 2020, there are over 1,848,439 confirmed cases all over

he world [2] . Thus, there is a need of immediate actions to pre-

ent the disease at the community level. At this time, there are

o specific vaccines or treatments for COVID-19. Though, there are

everal on-going clinical trials evaluating potential treatments. The

ecent dissemination of the COVID-19 has reintroduced the con-

ern of the scientific and political community in the mathematical

odels for epidemic. Many researchers are making efforts for sug-

esting new refined models to examine the current situation and

oresee possible future scenarios. SIR model where SIR refers to

usceptible, Infected and Removed, was proposed by Kermack and

acKendrick [4] which is based on a system of initial values prob-

ems of ordinary differential equations (ODEs). The SIR model and

ts later variations, such as Susceptible-Exposed-Infected-Removed

SEIR) [5] are generally used by the epidemic medical commu-

ity in the study of outbreaks dissemination. With this paper it
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Notations for Proposed Model 

S ( t ): Susceptible persons at time t 

I ( t ): Active infected cases at time t 

R ( t ): Total person recovered from infection at time 

t 

D ( t ): Total person died from infection at time t 

S c ( t ): Silent carrier at time t 

I total : Total number of infected cases 

α: Variable incubation rate of susceptible person 

αc : Variable incubation rate of silent carrier 

β: Probability of a susceptible person resulting in 

a new infected person (suspected to infected) 

γ R , γ D : Recovery and Death rate of infected person 

γ T : Testing rate of susceptible person provided by 

government or agencies 

μ: Number of infected person as a silent carrier, 

having no symptoms of infection 

u : Death rate of unregistered infected people 

m : Mobility factor 

P : Number of person met with infected person 

before isolated or being detected 

t sl : Start day of lockdown 

t 0 , t 1 , t 2 : Start day of phase 1, phase 2 and phase 3 

t a , t b : First and fifth day of phase 2 

t c , t d : First and fifth day of phase 3 

t opt : Last day of phase 3 

T opt : Optimal lockdown period 

T S , T E : Start and End day of evaluation 

N I , N S , N R , N S : Number of Infected, Suspected, Recovered and 

Died people from T S to T E 

is expected to contribute to the ongoing exploration on this topic.

Compared to earlier outbreaks, such as SARS-CoV or MERS-CoV [6] ,

when the infection had been stopped after a relatively small num-

ber of infected people, researchers are now investigating a differ-

ent situation. Undoubtedly the figure of infected people rises ex-

ponentially, and seemingly, it can be clogged only by a complete

lockdown of the affected areas, as proven by the COVID-19 out-

break in the Wuhan, China in December 2019. Similarly, in case of

Italy, to limit the virus dissemination all over the Italian area, the

government has started to impose more severe constraints since 9

March 2020 [7] . Optimistically, these actions will affect the spread

of the Coronavirus dropping down the number of infected people.

Governments of many countries are keeping their population un-

der lockdown, while hunting every suspect case for testing and

treating and quarantining those who test positive. But the ques-

tion arises that how a coronavirus lockdown does last because this

shutdown brutally kicks the country’s economy and long shutdown

can arise a survival issues in front of lower-class people and labors

who work on daily payment basis. The introduction of various lev-

els of lockdown requires an adaptation of the typical epidemic rep-

resentations to this new situation. Some examples about the Chi-

nese outbreak can be found in [4,8,9] . In the currently evolving

Italian situation, it is possible to model the introduction of restrict-

ing measures by introducing a non-constant infection rate [10] . 

In this paper some further parameters are added to represent

the infection rate, suspected rate and death rate. These parameters

contribute a lot to figure out the more clear model. The essen-

tial parameters which are included in this paper are silent carri-

ers, sociability of newly infected person, undefined deaths of coro-

navirus infected people that are not registered anywhere. As there

is no vaccination available for COVID-19, the only solution to con-

trol the dissemination, apart from personal hygiene, is lockdown
trictly followed by every citizen. Once this virus starts spread-

ng one to another person in any crowded region or highly pop-

lated cities it is very difficult to handle the situation. That’s why

ockdown is strictly imposed. Contrary, the long lockdown also led

o an unprecedented evacuation of workers from their workplace

o their homes in far-flung villages all over the country. Addition-

lly, long-term lockdown could cripple country’s economy. There-

ore, there is a need to estimate the lockdown time in such a way

hat the spreading rate of infection is under control as well as the

ountry’s economy mend up the loss that has had during the lock-

own period. Hence, this paper, for the very first time, proposes a

hree-phase Susceptible-Infected-Recovered-Dead (3P-SIRD) model

o find a minimum optimal lockdown period in a manner that the

preading rate of infection is under control. The countries taken

nder the case study for obtaining the optimal lockdown period

re China, India and Italy. 

The organization of the paper is as follows: Section 1 gives in-

roduction and details about seriousness of COVID-19. Section 2 de-

cribes the proposed 3P-SIRD model. Section 3 presents the case

tudy for China, India and Italy. The result analysis is performed in

ection 4 followed by conclusion in Section 5 . 

. Proposed 3P-SIRD Model 

In the situation of COVID-19 when there is no authentic medi-

ation available and the only precaution to control the spreading of

isease is lockdown. Proposed model provides solution by predict-

ng optimal lockdown period. The approach is based on the analy-

is of data and to use it for training the data to find the minimum

ime period of lockdown when infection rate of disease is under

ontrol. The minimum time period is referred as the optimal lock-

own period. 

In the absence of lockdown, the rate of change in number of

uspected people is proportional to the social meeting of infected

erson, which is known as P in our model, that is the number of

erson met with infected person (not yet detected) before isolated

r being detected. As per analysis of data, infected people need

onsiderable time to recover after getting medication, so recovery

ate is also low in initial days. Once lockdown is implemented, the

ocial meetings of infected person (not yet detected) become re-

tricted. So in the lockdown period suspected rate due to new in-

ected person, which are being infected after lockdown becomes

esser than previous infected period. This results in reduction of

uspected rate at time t 1 . Our model tracks this time t 1 and checks

he parameters values after this time t 1 . These new parameters val-

es are used in determining the minimum optimal time as lock-

own period T opt . 

Proposed model is divided into three-phases based on the

wareness and sustainability of disease. Input data are collected

rom authorized links followed by analysis and categorization

clustered) [10] . Time is divided into different periods as rate of

nfection and recovery fluctuates from region to region. From ini-

ial time to lockdown time, infection rates are calculated from the

iven data. 

.1. Details of the Model 

There are following assumptions that are made to model the

athematical background: 

• Social distancing is followed consistently during the lockdown

period. 
• Unreported infected people (who are not registered) are not

considered in the model. It is therefore assumed that the num-

ber of registered infected people form a representative group

for the actually real infected and is not limited by the test ca-

pacities or variable test behaviour or other factors. 
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• In the model, a mobility factor m is considered. As if the lock-

down is not so strict then the movement of citizens remains to

fulfil the daily basic needs. 
• In the model, Silent carrier ( S c ) is also considered for those who

are actually Corona infectious but show delayed or no symp-

toms. These carriers also play a major role in spreading the dis-

ease. 
• The term total infected stands for the sum of current infected,

total recovered and total death. 
• The term suspected people stand for the people who either

have pre-symptoms or come in contact with infected. 
• Infection rate calculation is mutating in the proposed model.

Sociability of the infected person has been considered propor-

tional to the summation of total number of person came in

contact with infected person after being infected. This can also

be considered in phase 1 of COVID-19. 
• Vaccination of COVID-19 is not available till date. 
• Lockdown can expose most of the infected cases and also con-

trols the dissemination of the virus. 
• Under lockdown period a phase will come when number of

current suspected people will either become constant or get

reduced with time. The starting of this phase is time t 1 . The

difference between suspected people as par their current state

is seen because of the test results, which will further consider

suspected people either as infected or not infected. So these

assumptions say that difference in suspected people depends

upon the rate of testing of COVID-19. 
• It is assumed that at time t 2 , where t 2 is greater than t 1 , num-

ber of current infected people starts getting reduced. This time

is named as recovery time. According to assumption this reduc-

tion in number of infected people is due to either higher recov-

ery rate of infected people or death of infected people. 
• The recovered person are no longer susceptible of infection

(which is apparently not yet proved, or disproved for COVID19).
• The criteria of optimality (for obtaining T opt ) is either S tends to

zero or S forms an asymptote to X-axis. This means number of

suspected people becomes negligible or near to zero. 

In this paper, the population is divided into four categories

amely Suspected (S), Infected (I), Recovered (R) and Dead (D) the

quation is given as: 

dS(t) 

dt 
= Different value for all the three phases (1) 

dS c (t) 

dt 
= μI(t − 1) (2) 

dI(t) 

dt 
= αS(t − 1) − (γR + γD ) I(t − 1) + αc S c (t − 1) (3)

dR (t) 

dt 
= γR I(t − 1) (4) 

dD (t) 

dt 
= γD I(t − 1) + μI(t − 1) (5)

In SIR model and its further variations [4,5,11] , dS ( t )/ dt depends

n number of suspected and infected people. In this paper, it is

onsidered that actual suspected rate is dependent upon the so-

iability of the newly infected person if the strict social distancing

s not there and also in contrast of previous versions of models

4,5,11] , a factor S c is added for the silent carriers in dI ( t )/ dt . Silent

arriers are those infected people who don’t show symptoms and

n the past history of China suffers a lot of these carriers [12,15] .

he range of μ is taken in the interval 0 to 0.25 [18] . 

In order to consider the lockdown imposed by the government,

he whole time interval [ t , t ] is divided in two sub-intervals [ t ,
0 1 0 
 sl ] and [ t sl , t 1 ], where t sl represents the starting time when lock-

own imposed by the government and t 1 represents time when

he shutdown start to yield an appreciated changes in the data

rend. Furthermore, meanwhile the applied constraints should de-

line the number of contacts between Infected and Suspected, co-

fficient β is modeled in Eq. (1) as a decreasing time dependent

unction β( t ). A similar model for the infection rate of SEIRD equa-

ions can be found in [11] , where the function is assumed to have

ecreasing rational function. 

In order to calculate the optimal lockdown time T opt , a situa-

ion is required to be found after t 1 time when the number of sus-

ected people starts getting reduced w.r.t. time, number of infected

eople increases for a while but starts reducing with respect to

ime, and also the number of recovered people rises w.r.t. time. It

as analysed that Coronavirus growth take place in three-phases

n any specific geographical area [14] . 

First Phase 

At first Phase, when the awareness of newly discovered virus is

t initial phases, then it will grow exponentially. As it can spread

0 times more than other existing most dreadful epidemics. Addi-

ionally, because of late symptoms, an infected person helps virus

o spread. In the same phase lockdown implies by the authorities

t time t sl , which can reduce infection growth rate after a certain

ime period. Without lockdown an infected person can infect more

han 10 person in a day if the person is social. In the absence of

ockdown and lack of social distancing, suspected rate depends on

ociability of infected person. Therefore, the growth in number of

nfected cases is exponent: 

dS(t) 

dt 
= β

k ∑ 

i =0 

P i (6) 

ere, k is a variable that represents newly detected infected person

n first phases, a coefficient accounting for the susceptible person

et infected by contagious person. The range of P is taken in the

nterval 3 to 10 [16,17] . 

Second Phase 

Second Phase is during lockdown when the social distancing is

ollowed. Policies of authority helped to find a large number of in-

ected people in the area. At time t 1 number of suspected cases

rowth would either decrease or remain constant. Now no new in-

ected cases arise, as most of the infected person was from sus-

ected person whose test report become positive. In this phase,

urrent number of active cases will be: 

dS(t) 

dt 
= β

k ∑ 

i =0 

P i − γT S(t − 1) (7) 

In this phase, death cases are more as number of current in-

ected person are at peak. Simultaneously, the number of recov-

red person per day will increase and the range of P will become

n the interval 0 to 4. With low increment rate of active cases and

igh recovery, third phase will start within some days. 

Third Phase 

Third phase is the phase of epidemic when there is reduction

n number of active cases. Number of suspected cases will reduce

epending upon the testing speed of medical team. As less number

f infected cases, active cases can be managed at high proficiency

ith proper isolation. Once it is analysed that the number of sus-

ected person is reduced significantly i.e. current suspected cases

raph becomes asymptotic to X-axis or when S tends to zero, then

he process of opening the lockdown may get started. Current in-

ected count is still non-zero, but decreasing as infected patients

ither become recovered or dead. 

dS(t) = −γ S(t − 1) (8) 

dt 
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Fig. 1. Stepwise process of proposed 3P-SIRD model. 
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2.2. Process and Flowchart 

The step-wise process and corresponding flowcharts

are depicted in this section. Here T opt is a function of

N I , N S , N R , N D , T S , T E , t sl . The flowchart presented by Fig. 1 rep-

resents the complete stepwise process of proposed 3P-SIRD model,

which is further elaborated by Pseudo-codes of Phase 1-3. Since

proposed model works with differential equations and adopted

method is regression model, it works on linear as well as non-

linear models, which is achieved by transforming the system of

differential equations [ Eqs. (2 –8) ] into a system of integral equa-

tions and treating the transformed system as a statistical model

for a collection of regressions with covariates which approximate

the integrals. On solving Eq. (6) , the result becomes: 

S(t) = β ∗ K ∗ I(t) + c 1 (9)

Here, c 1 and K are constants with K is equal to 
∑ k 

i =0 P i . Simi-

larly, Eq. (3) produces following result: 

logI(t) = c 2 ∗ t + c 3 (10)

where, c 2 = (αβ ∗ K − (γD + γR )) 

Equation (8) produces following results: 

logS(t) = γT ∗ t + c 4 (11)
Similarly, on solving Eqs. (2,4-5) following solutions are ob-

ained respectively: 

 c (t) = μ ∗ I total + c 5 (12)

 (t) = γR ∗ I total + c 6 (13)

 (t) = γD ∗ I total + c 7 (14)

ere, c 2 , c 3 , c 4 , c 5 , c 6 and c 7 are constants. It can be very clearly

bserved from Eq. (9) that the number of suspected people at

ime t is dependent over the number of infected people at time

 . Number of infected people at time t grows exponentially as can

e observed from Eq. (10) . S grows exponentially with reference

o time t as can be observed in Eq. (11) . It can be observed from

q. (11) that, S ( t ) will not be zero ever, or one should say S ( t ) will

e zero at infinite time. Hence, the criteria of optimality (for ob-

aining T opt ) is either S tends to zero or S forms an asymptote to

-axis. This means it will be parallel to X-axis and will cut X-axis

t infinite. 

Since proposed model is dividing growth of COVID-19 in three-

hases and each phase has different value of parameters. This can

e achieved by regression approach and to obtain parameters least

quare method is applied on Eqs. (9 - 11,13 - 14 ) taken as y = a ∗ x +
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Algorithm 3: Pseudo-code for Phase 3 

START 

COMPUTE value of Parameters from t 2 using regressio 

approach for Phase 3 

COMPUTE N I , N S , N R , N D from t > t 2 using Eqs.(2-5, 8) 

If ( t opt > t 2 ) then 

If ( N S [ t opt ] < 1 then 

T opt = t opt 

DISPLAY T opt 

Else 

t = t+1 

End IfElse 

End If 

RETURN T opt 

STOP 
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l

, in the following way: 

 = 

n ( 
∑ 

xy ) − ( 
∑ 

x )( 
∑ 

y ) 

n ( 
∑ 

x 2 ) − ( 
∑ 

x ) 2 
(15) 

 = 

( 
∑ 

y ) − a ( 
∑ 

x ) 

n 

(16) 

ere, y is dependent variable and x is independent variable. The

oefficients a and b are trained by the least square method so as

o obtain best fit regression curve. Train data is taken based on

oundary value approach, which covers maximum variation in pa-

ameters value. In each phase, model have different formulation

or difference in suspected cases at time t . Thus rather than using

ingle model, formulation of parameter performed by each phase

ndependently. Resultant line equation and respective slope and in-

ersection values are used for calculation of values at new points.

Algorithm 1: Pseudo-code for Phase 1 

START 

COMPUTE value of Parameters from T S to T E using 

regression approach for Phase 1 

COMPUTE N I , N S , N R , N D from t > T E using Eqs. (2-6) 

If [( t a < t b ) && ( t b > t sl ) && ( t a > t sl )] 

For [ i =0; (( t b − t a )= = 5) && ( i < t b − t a ); i ++] 

If [(( N S [ t a ] == a )&&(N S [ t b ] == a )) || 
(N S [ t a + i ] > = N S [ t b + i +1]))] 

then 

t 1 = t a 
DISPLAY ‘End of Phase 1 and 

Start of Phase 2’ 

break 

Else 

t = t+1 

continue 

End IfElse 

End For 

End If 

STOP 

Algorithm 2: Pseudo-code for Phase 2 

START 

COMPUTE value of Parameters from t 1 using Regression 

approach for Phase 2 

COMPUTE N I , N S , N R , N D from t > t 1 using Eqs.(2-5, 7) 

If [( t c < t d ) && ( t d > t 1 ) && ( t c > t 1 )] 

For [ i =0; ( t d − t c == 5) && ( i < t d − t c ); i ++] 

If ( N I [ t c + i ] > = N I [ t d + i + 1]) 

then 

t 2 = t c 
DISPLAY ‘End of Phase 2 and 

Start of Phase 3’ 

break 

Else 

t = t+1 

continue 

End IfElse 

End For 

End If 

STOP 
. Case Study of China and Prediction for India and Italy 

This section explains the details of all the case studies per-

ormed. Since, the lockdown period has got completed for China,

he model has got tested for prediction accuracy for China. Other

ountries i.e. India, Italy and many more are still under lockdown,

ence proposed model predicts the optimal lockdown period for

hese countries. 

.1. Case Study of China 

The case study for training of proposed model, the data re-

ated to COVID-19 facts of China are considered [13] . Since, this

s the only country whose phase-3 of epidemic growth has been

chieved. Facts are taken from 22 January 2020 to 14 April 2020.

umber of suspected person is calculated on the bases of formula

iven in proposed model. Here t sl represents the lockdown date

hich is 23 January 2020. Number of suspected person are calcu-

ated by Eq. (6) . 

Step 1 : Initially the data got splitted i.e. data t a from 22 January

o 13 February is taken as train data. Parameters are calculated us-

ng Eqs. (1 –8) . Data from 14 February to 24 April is used as test

ata to evaluate performance of model. 

Step 2 : Phase 2 starting point is recognized by the algorithm

nd that is 11 February, earlier than the normal cases may happen

n case of high number of testing and awareness of public before

ockdown. Here the point to be noticed that if the mobility in soci-

ty is present under the lockdown conditions, then span of phase

 will be more. 

Step 3 : Parameters values calculated in step 1 and step 2 are

sed as input to predict number of active cases, suspected cases,

otal death and total recovered person, until the total active cases

ave started to reduce. 

Step 4 : This point is starting of phase-3 which is 23 Febru-

ry Now the suspected person rate will depend on testing rate as

hown in Eq. (8) . The number of total recovered person rate will

e reduced as variation in immune system variation. 

Step 5 : From this point, parameters values are used as input

o predict number of active cases, suspected cases, total deaths,

nd total recovered person till number of suspected person be-

ome negligible using Eqs. (1 –8) . Hence, optimal lockdown period

 opt is obtained. 

.2. Prediction for India and Italy 

Step 1 : Initially the data is collected and parameters are calcu-

ated using Eqs. (1 –8) . 
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Fig. 2. Comparison between actual vs calculated of China for (a) Infected people, 

(b) Recovered people, (c) Number of deaths, (d) Active infected cases. 
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• For India data from 03 March to 20 April is taken as train data.

Lockdown start date is 25 March, 2020. 
• For Italy data from 15 February to 20 April is taken as train

data. Lockdown start date is 9 March, 2020. 

Step 2 : Phase-2 starting point is recognized by the algorithm.

Here the point to be noticed that if the mobility in society is

present under the lockdown conditions, then span of phase 1 will

be more. For India phase-2 starting point is 14 April, 2020; for Italy

it is 2 April, 2020. 

Step 3 : Parameters values calculated in step 1 and step 2 are

used as input to predict number of active cases, suspected cases,

total death and total recovered person, until the total active cases

have started to reduce. 

Step 4 : This point is starting of Phase-3 which is 29 April for

India and 20 April for Ital. Now the suspected person rate will de-

pend on testing rate as shown in Eq. (8) . The number of total re-

covered person rate will be reduced as variation in immune system

variation. 

Step 5 : From this point, parameters values are used as input

to predict number of active cases, suspected cases, total deaths,

and total recovered person till number of suspected person be-

come negligible using Eqs. (1 –8) . At this point T opt provides the

optimal lockdown period. 

4. Experimental Setup and Result Analysis 

The countries taken as the case study are China, India and Italy.

COVID-19 data of Infected, Recovered, Died person for all countries

are taken from reference [13] . The programming part is done in

C++ language with Linux OS. Since the lockdown period of China

is over and it is considered as recovered. Hence, the complete ac-

tual and predicted data are available for the comparison and for

testing the accuracy of proposed model to predict the lockdown

period. Whereas, other three countries are facing the lockdown in

current situations, so the actual lockdown data available till date

are taken for comparison with the predicted data. The predicted

data provides the prediction till the optimal date of the lockdown

completion. The results of all the three countries are evaluated at

the criteria of number of infected, recovered and died people, pre-

dicted by proposed model compared with actual data as shown by

Figs. 2 - 5 . The impact of increasing the test rate is also discussed for

all the countries. The optimal lockdown period and dates of start

of all the three phases is presented in results. 

Although, the infection growth rate is expected to be exponen-

tial but it may depend upon country’s population density, type

of lockdown, social status, peoples’ seriousness and precautionary

measures about the epidemic, mobilty and many more parameters

discussed in previous sections. Hence, the curve may not have the

expected exponential shape at some places. 

The results of case study of China are shown by Figs. 2 (a-d). It

can be observed by the figures that proposed model fits well for

the data of infected people ( Fig. 2 (a)), as well as with the data of

recovered people ( Fig. 2 (b)). The model initially fits well with the

data of died people ( Fig. 2 (c)) as well. Figs. 2 (a) and 2(b) shows

that by the time number of infected people becomes negligible.

It can be observed from Fig 2 (a) that the rate of infection grows

at exponential rate and decreases at quadratic rate. Further, num-

ber of active case is shown by Fig 2 (d). The orange lines show the

Phase-2 and Phase-3. Phase-2 starting date was 11 February, 2020;

Phase-3 starting date was 23 February, 2020. The total duration of

the study is 22 January, 2020 to 14 April, 2020. The optimal lock-

down period in the case of China is 23 January, 2020 to 5 April

2020 (73 days). 

The prediction results of India are shown by Figs. 3 (a-d). The

total duration of the study for prediction is 2 March, 2020 to 24
ay, 2020. Phase-2 starting date is 14 April, 2020; Phase-3 starting

ate is 29 April, 2020. Predicted optimal lockdown period of India

s 25 March, 2020 to 1 June 2020 (69 days). 

Similarly, the prediction results of Italy are shown by Figs. 4

a-d) with predicted optimal lockdown period between 9 March,

020 to 4 June, 2020 (88 days). The total duration of the study for
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Fig. 3. Prediction statistics of India for (a) Infected people, (b) Recovered people, 

(c) Number of deaths, (d) Active infected cases. 
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d

 

f  

Fig. 4. Prediction statistics of Italy for (a) Infected people, (b) Recovered people, (c) 

Number of deaths, (d) Active infected cases. 
rediction is 15 February, 2020 to 4 June, 2020. Phase-2 starting

ate is 2 April, 2020; Phase-3 starting date is 20 April, 2020. 

Also it is observed that by increasing number of tests per day

or suspected cases T opt can be reduced as shown by Table 1 for
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Table 1 

Change in T opt with reference to γ T . 

γ T Country ( T opt ) 

Italy India China 

0.21 97 77 83 

0.23 92 72 77 

0.25 88 69 73 

0.27 84 66 69 

0.29 81 63 66 

0.31 78 61 63 
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P = 10. If social distancing and lockdown is strictly followed then

Phase-2 can be achieved soon and number of suspected people

start getting reduced and T opt can be achieved earlier. The opti-

mal lockdown period for India and Italy are 69 days and 88 days

respectively, with reference to their testing rate. 

5. Conclusion and Future Scope 

In this paper, a three-phase Susceptible-Infected-Recovered -

Dead (3P-SIRD) model is developed to estimate the optimal time

of lockdown due to COVID-19. Additionally, we have updated pre-

viously developed models by considering some parameters like

Silent Carriers, unregistered deaths, mobility factor so that more

accurate modelling of data can be performed. Further, it is consid-

ered that the number of suspected person varies with respect to

time of dispersal of virus. Therefore, three-phases are formed to

define the suspected rate as it will not grow exponentially all the

time. Finally, proposed model takes China, India and Italy as case

study and the result shows the approximate lockdown time as 73

days for china (which is very near to actual lockdown period i.e.

77 days). Also, it is tried to make the prediction for optimal lock-

down period for India and Italy: that is 69 days for India and 88

days for Italy. Proposed model can be extended by defining differ-

ent levels of lockdown according to the severity. In this case in-

fection rate will vary as per strictness level during lockdown. Also,

the variation in lockdown period with reference to the testing rate

is studied. 

Proposed model can be applied to estimate the optimal lock-

down time for any pandemic disease whose vaccine is not avail-

able, after which infection can also be controlled without affecting

local communities. 
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