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BACKGROUND AND OBJECTIVES: The spread of COVID-19 is very fast because it is transmitted
from human to human. Non-pharmaceutical control is one of the important actions in reducing
the spread of COVID-19, such as the use of masks and physical distancing. This study aims to
model COVID-19 by incorporating people’s habits as a non-pharmaceutical preventive measure.
The model formed emphasizes the importance of preventing with masks and physical distancing.
The implication of this action is that the infected population is decreasing, resulting in less
interaction between the susceptible and the infected. In this case, the virus has not vanished
from the community, but the use of masks in certain populations or subpopulations is lower than
before, which can reduce mask waste in the environment
METHODS: This study expands on a previous MERS-CoV research model using the susceptibleexposed-infected-quarantine-recovery model by incorporating behavioral control, specifically
the use of masks and physical distancing as preventive measures. The susceptible population
that interacts with the carrier/exposed and infected population is used to calculate mask use.
The susceptible population was divided into two subpopulations based on their willingness to
wear masks. The following breakthrough is the application of the same system to the infected
population, which is required to wear masks at all times during their self-isolation period. The
model-generated equation system is a nonlinear system of differential equations. The developed
model is examined by determining the equilibrium point and the basic reproduction number.
FINDINGS: The model resulted an asymptotically stable disease-free equilibrium and endemic
equilibrium. The disease-free stability is only examined if the compliance with physical distancing
exceeds 0.55 and the compliance with the use of distancing exceeds 0.55. This compliance
condition resulted in a decrease in basic reproduction number ranging from 0.48 to 0.07. The
endemic stability is only investigated if compliance with physical distancing is 0.1 and compliance
with use of distancing is 0.2. The endemic condition can arise if masks and physical separation
are not used. Physical distancing compliance and mask use have values less than 0.1 and 0.2,
respectively
CONCLUSION: The analysis of the equilibrium points and basic reproduction numbers, show that
increasing compliance in carrying out the health protocol measures of physical distancing and
mask use causes a decrease in the spread of COVID-19, so that the disease will disappear over
time. Meanwhile, ignoring health protocols has an effect on the long existence of the virus in the
community.
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INTRODUCTION
The world is currently dealing with a pandemic of
a mysterious pheunomia disease known as
Coronavirus Disease 2019 (COVID-19), which was
discovered in December 2019 in Wuhan, Hubei
province, China. COVID-19 has rapidly spread to all
other countries around the world (Harapan et al.,
2020; WHO, 2021a). COVID-19 spreads quickly
because the virus is transmitted from person to
person via droplets that come out when talking,
coughing, or sneezing, as well as direct contact with
infected individuals (Eikenberry et al., 2020). Based
on this, the best way to limit the spread of COVID-19
cases is to avoid direct contact between humans
(Soewono, 2020). Several steps have been taken to
reduce human-to-human contact and prevent the
spread of the COVID-19 virus. Lock downs (staying at
home) have been imposed by governments all over
the world as the primary and most effective means of
reducing human contact. Other measures include
travel restrictions (Wilder-Smith and Freedman,
2020), hand hygiene (washing hands) (Lin et al.,
2020), isolation, physical distancing (Chintalapudi et
al., 2020), avoiding public places or crowds, closing
schools and offices, and wearing face masks (Li and
De Clercq, 2020). Lock down activities (staying at
home) can help to reduce the spread of COVID-19,
but it will cause the economy to fall and a crisis to
occur. As a result, governments in various countries
that have implemented lockdown measures have
been forced to lift the restrictions and allow people to
resume their normal activities while still adhering to
health protocols. Community behavior should adhere
to applicable health protocols, such as avoiding public
places or crowds (Garnett et al., 2021), physical
distancing (Sasmita et al., 2020), hand hygiene
(washing hands), and wearing face masks (Tran et al.,
2020). A person who has been exposed to COVID-19
will not develop symptoms right away because the
severe acute respiratory syndrome coronavirus 2
(SARS-Cov-2) virus has an incubation period after
entering the human body. The SARS-Cov-2 virus has
an average incubation period of 5.1 to 5.8 days, and
symptoms appear after 11.5 to 15.6 days. If a person
becomes infected with the virus, he or she must selfisolate for 14 days due to the virus’s incubation period
(Laeur et al., 2020). Infected patients’ initial
symptoms, which range from flu and cough to chronic
phase, can result in shortness of breath, acute
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complications, and even death (Phan et al., 2020).
According to (WHO, 2021a), 85% of positive cases
infected with COVID-19 have mild symptoms or do
not cause any symptoms at all, but they can still
transmit the virus to others. According to the most
recent WHO announcement (WHO, 2021b), the
SARS-Cov-2 virus, which causes COVID-19 disease,
can spread through the air produced by infected
individuals’ aerosol production. According to Arslan
et al. (2020), droplets that come out of infected
individuals within a certain distance range (1 m) can
enter the mucosal surface, so that face-to-face
conversation, coughing, sneezing, and breathing can
cause the spread of droplets from the respiratory
tract. The droplets will combine to form an aerosol,
which will spread over a long distance (> 1 m) and last
for a long time in the environment. The SARS-Cov-2
virus can also survive in aerosols for 3 hours and is
even more stable when attached to plastic (72 hours),
steel surfaces (48 hours), copper (4 hours), and
cardboard (24 hours) (Doremalen et al., 2020). As a
result, WHO (2020a) stated that one of the steps to
prevent the spread of COVID-19 is to use masks,
particularly in public places where physical distancing
measures are not possible. However, the use of masks
must be part of a comprehensive COVID-19
prevention strategy that includes other health
protocols. The use of masks is widely believed to
prevent droplets from escaping from infected
individuals and carriers. Based on this, it makes sense
to recommend the use of masks for vulnerable
individuals in order to avoid infection (MacIntyre et
al., 2021). Masks serve a dual purpose: if worn by
susceptible individuals, they provide protection
against infectious or non-infectious diseases
transmitted by infected individuals, and if worn by
infected individuals, they provide source control
against disease transmission or do not transmit
disease to other individuals (Lo et al. 2021; Bagepally
et al., 2021). Surgical masks reduce P. Aeruginosainfected aerosols produced by coughing by more
than 80% in cystic fibrosis patients (Driessche et al.,
2015). According to the findings of Stockwell et al.
(2018), N95 masks outperform surgical (medical)
masks. Eikenberry et al. (2020) estimate that the
efficiency of cloth masks is between 20% and 80%,
and possibly higher (well made and tightly fitted and
made of good material). For surgical masks, the
percentage ranges from 70% to 90%, while for N95
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masks, the percentage ranges from 95% to 100%.
Because non-medical masks are more commonly
used than other types of masks by the general public,
understanding the characteristics of non-media
masks that are suitable for use to protect themselves
from COVID-19 is critical. According to the WHO
(2020b), non-medical masks should have three layers:
1) an innermost layer of a hydrophilic material (such
as cotton or cotton blends); 2) an outer layer of a
hydrophobic material (such as polypropylene,
polyester, or a combination of both) that can limit
contamination from outside penetrating the wearer’s
nose and mouth; 3) a hydrophobic middle layer made
of a synthetic non-woven material such as
polypropylene or cotton lining that can improve
filtration or retain droplets. As time passes, countries
around the world continue to struggle against
COVID-19, and governments continue to encourage
their citizens to wear masks when visiting public
places or crowds in order to be protected. This has
resulted in the widespread use of masks all over the
world (Lyu et al., 2020). Each month, the WHO
estimates that nearly 89 million procedural masks will
be required to control COVID-19 (WHO, 2021a).
According to a press conference study on the Control
Mechanism of the State Council of China in 2020,
approximately 468.9 tonnes of medical waste are
generated every day as a result of COVID-19. In
Jakarta, Indonesia, however, it was discovered that
the amount of medical waste had reached 12,740
tons approximately 60 days after people were first
infected with the corona virus (Kojima et al., 2020).
The use of masks is indeed critical in order to protect
indiviuals from COVID-19, but the increased use of
masks has resulted in an increase in mask production.
As a result, new environmental challenges emerge,
such as the growing accumulation of medical mask
waste. If the virus can be eradicated in the community,
the use of masks can be reduced, potentially reducing
mask waste in the environment. This study is based
on the development of a mathematical model by
adding community behavior as a non-pharmaceutical
preventive measure (using masks and physical
distancing) as well as having quarantine classes as a
place to treat diseases that can minimize the spread
of COVID-19. In this study, the susceptible-exposedinfected-quaratine-recovery (SEIQR) model was used
by separating the susceptible and infected population
into two subpopulations, respectively. There are

susceptible subpopulation not using masks ( S1 ), the
susceptible subpopulation using masks ( S2 ), the
infection subpopulation not using masks ( I1 ) and the
infection subpopulation using masks ( I 2 ). The
addition of a quarantine population to the model is
the same as that done by Mandal et al. (2020). Based
on the motivation above, this study aims to model
COVID-19 by including community behavior
(adherence to using masks and physical distancing) in
the SEIQR model as a non-pharmaceutical preventive
measure. This study is simulated at the Modeling and
Simulation Laboratory, Department of Mathematics,
Syiah Kuala University, Indonesia in 2021.
MATERIALS AND METHODS
This study expands on the Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) distribution
model developed by Manaqib et al. (2019), in which
the MERS-CoV model is an SEIR type model that divides
the population into four populations: susceptible,
exposed, infected, and recovered. To create the SEIQR
model, the SEIR model was modified by incorporating
a new population class, quarantine (Q). Several nonpharmaceutical controls, such as mask use and
physical distancing, were also added to reduce the
spread of COVID-19. Each susceptible and infected
population is subdivided into two subpopulations.
As a result, the SEIQR’s five populations are divided
into two susceptible subpopulations, one exposed
population, two infected subpopulations, one
quarantine population, and one recovery population.
The total population at time t is denoted as N ( t ),
and there are seven population/subpopulations:
susceptible individuals who do not use masks ( S1 ( t ) ),
susceptible individuals who do use masks ( (S2 ( t ) ),
exposed individuals ( (E ( t ) ), infected individuals who
do not use masks ( I1 ( t ) ), infected individuals who
use masks ( I 2 ( t ) ), quarantine individuals ( Q ( t ) ), and
recovery individuals ( R ( t ) ). With the total population
studied is defined using Eq. 1.

N ( t ) = S1 ( t ) + S 2 ( t ) + E ( t ) +
I1 ( t ) + I 2 ( t ) + Q ( t ) + R ( t )



(1)

The birth and death rates of individuals in the
subpopulation are assumed to be equal in this model
( µ ). Newborns will be included in the subpopulations
of susceptible individuals who do not use masks S1 .
In Susceptible S2 and infected I 2 who use masks, all
153
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classified as part of the recovered subpopulation R.
The recovery population R can be re-infected, but not
to population I. The re-infected path is R to S with
the number regulated by the reinfected parameter.
Death occurs only naturally in each populations/
subpopulations. Based on this, a mathematical model
diagram of the spread of COVID-19 and the Eq. 1 are
obtained in Fig. 1.
The non-linear differential equation of Fig. 1 is
defined using Eqs. 2 to 8.

of whom are considered uninfected and COVID-19
free. If susceptible S2 and infected I 2 people who
wear masks stop wearing them, they will be included
in the subpopulation of susceptible S1 and infected
I1 people who did not wear masks, and vice versa.
Furthermore, if susceptible S1 and infected I1
individuals do not take physical distance measures,
they have the potential to become infected and infect
others, making them the exposed E. Individuals in the
quarantine subpopulation Q have been determined
to be unable to transmit the disease and are receiving
treatment. Individuals who have been exposed to
COVID-19 carry the SARS-Cov-2 virus but have not
transmitted it. Individuals who have been exposed
E and infected I1 , I 2 can then be identified as having
a SARS-CoV2 virus in their bodies using rapid tests,
antigens, and swabs, and they are added to the
quarantine individual sub-population Q . Quarantine
individuals are people who have tested positive
for COVID-19 via rapid, antigen, or swab tests, and
quarantine facilities are places of care for people who
have tested positive for COVID-19 via rapid, antigen,
or swab tests. If any quarantined individuals recover
from the disease, they will be added to the recovered
sub-population R . Individuals infected I1 , I 2 can
recover naturally without disease treatment and are

dS1
= µN + κ1 R + u2 S 2 − u1S1 −
dt


β (1 − ε ) S1 I1 − µ S1

(2)

dS 2
= κ 2 R + u1S1 − u2 S 2 − µ S 2 
dt

(3)

dE
= β (1 − ε ) S1 I1 − δ E − α E − µ E 
dt

(4)

dI1
= δ E + u2 I 2 − u1 I1 − σ I1 − η I1 − µ I1 
dt
dI 2
= u1 I1 − u2 I 2 − σ I 2 − η I 2 − µ I 2 
dt

Fig. 1: Diagram of the process of spreading COVID-19 with the use of masks and physical distancing

(5)
(6)

Fig. 1: Diagram of the process of spreading COVID-19 with the use of masks and physical distancing
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dQ
= α E + η I1 + η I 2 − γ Q − µ Q 
dt

(7)

dR
= σ I1 + σ I 2 + γ Q − (κ1 + κ 2 + µ ) R 
dt

(8)

The parameter β (1 − ε ) in Eqs. 2 and 4 quantifies
the extent to which susceptible individuals S1 will
be included in the exposed subpopulation E due to
a lack of physical distancing measures. The level of
transmission of COVID-19 disease is denoted by β , and
0 < ε < 1 is the proportion of people who physically
distance themselves from others. The parameter δ
represents the number of people who have been
exposed to the SARS-CoV2 virus during its incubation
period and are included in the subpopulation of
infected people who are not wearing a mask, whereas
the parameter α represents the number of people
who have had a positive rapid, antigen, or swab test
and are included in the quarantine subpopulation to
receive treatment. η is the proportion of infected
people who receive disease treatment and are
included in the quarantine subpopulation. In Eqs.
2, 3, 5 and 6, 0 < u1 + u2 < 1 is the level of individuals
who use masks and do not use masks. Susceptible S1
and infected I1 individuals who begin implementing
the health protocol using masks will be included in
the subpopulation of susceptible S2 and infected I 2
individuals as u1 . In turn, susceptible S2 and infected
I 2 individuals who begin to discontinue the use of
masks in the health protocol will be included in the
subpopulation of susceptible S1 and infected I1
individuals as u2 . Furthermore, parameter γ in Eq.
7 denotes infected and exposed individuals who
recovered by receiving treatment in the quarantine
subpopulation and were then included in the cured
subpopulation R , whereas infected individuals who
recovered naturally without receiving treatment
were included in the cured subpopulation R as
much as σ (Eq. 8). Eqs. 2 to 8 can be simplified by
forming the proportion of the number of individuals
in a subpopulation with the total population, which is
expressed using Eq. 9.

S1
S2
I1
E
=
, s2 =
,e =
, i1
,
N
N
N
N
I2
Q
R, 
,q =
,r
=
i2
=
N
N
N
=
s1

(9)

Where, Eq. 9 is substituted into Eqs. 2 to 8, the
Eqs. 10 to 16 are obtained.

ds1
=µ + κ1r + u2 s2 − u1s1
dt


(10)

− β (1 − ε ) s1i1 − µ s1

ds2
= κ 2 r + u1s1 − u2 s2 − µ s2 
dt

(11)

de
= β (1 − ε ) s1i1 − δ e − α e − µ e 
dt

(12)

di1
= δ e + u2i2 − u1i1 − σ i1 − η i1 − µ i1 
dt

(13)

di2
= u1i1 − u2i2 − σ i2 − η i2 − µ i2 
dt

(14)

dq
= α e + η i1 + η i2 − γ q − µ q 
dt

(15)

dr
= σ i1 + σ i2 + γ q − (κ1 + κ 2 + µ ) r
dt



(16)

The symbols of variables and parameters used in
the model are summarized in Tables 1 and 2.
The parameter values used in this study were
derived from publicly available COVID-19 data as well
as literature sources such as journals, articles, and so
on. The parameter values were set to be δ = 0.3 from
exposed to infected individuals (Mandal et al., 2020).
Individuals who have been exposed to COVID-19
will not immediately show symptoms, because the
COVID-19 virus will experience an incubation period.
Some studies estimate that if someone is exposed to
COVID-19, they must isolate themselves for 14 days,
where the average incubation period of the virus is
5.1 to 5.6 days and some start showing symptoms on
days 11.5 to 15.6 (Laeur, 2020). Parameter value of
recovered individuals after quarantine η = 1/14 (Tang
et al., 2020). Furthermore, the parameters of exposed
individuals that were included in the quarantine
subpopulation α = 0.1326 (Resmawan et al., 2021).
Individuals infected with COVID-19 have a healing
process against the disease by σ = 0.25 (Mandal et
al., 2020). Given that the average time for infected
155

M. Ramli et al.
Table 1: COVID-19 spread model variable symbol
Table

Symbol
𝑁𝑁𝑁𝑁

Explanation
Total population in the system

𝑆𝑆𝑆𝑆1

Number of subpopulations of susceptible individuals not wearing masks

𝐸𝐸𝐸𝐸

𝐼𝐼𝐼𝐼1

Number of subpopulations of infected individuals not wearing masks

𝑄𝑄𝑄𝑄
𝑅𝑅𝑅𝑅

Number of subpopulations of recovered individuals

𝑆𝑆𝑆𝑆2

Number of subpopulations of susceptible individuals using masks

𝐼𝐼𝐼𝐼2

Number of subpopulations of infected individuals wearing masks

Number of individual subpopulations exposed

Number of quarantined individual subpopulations

Table 2:
2: COVID-19
COVID-19 spread
spread model
model parameters
parameters
Table
Symbol

Explanation

Value

Source

𝜇𝜇𝜇𝜇

The birth or death rate of individuals in the
population
physical distancing

𝑢𝑢𝑢𝑢1

Mask usage rate

(0.2, 0.55, 0.88)

Assumption

The rate of not/stopping using a mask

(0.8, 0.45, 0.12)

Disease transmission rate

0.75

Assumption
Determined
(Zhu and Zhu, 2021)
Determined
(Resmawan et al., 2021)
Determined
(Mandal et al., 2020)
Determined (Eikenberry et al., 2020;
Ferguson et al., 2020)
Determined
(Mandal et al., 2020)
Determined
(Tang et al., 2020)

𝜀𝜀𝜀𝜀

𝑢𝑢𝑢𝑢2
𝛽𝛽𝛽𝛽
𝛼𝛼𝛼𝛼
𝛿𝛿𝛿𝛿
𝜂𝜂𝜂𝜂

𝜎𝜎𝜎𝜎
𝛾𝛾𝛾𝛾

𝜅𝜅𝜅𝜅1

𝜅𝜅𝜅𝜅2

0.002116268
(0.1, 0.55, 0.9)

The rate of individual exposed to quarantine
individual
The rate of individual is exposed to an infected
individual
The rate of infected individuals being
quarantined individuals
The rate of infected individual recover without
treatment
The rate of quarantine individual recover with
treatment
The rate of recovered individual back to
susceptible not wearing masks
The rate of recovered individual back to
susceptible wearing masks

0.1326
0.3
0.025
0.25
0.07142857142
1/120
1/120

individuals is 7 days before dyspnea (difficulty
breathing), 9 days before sepsis (complications
due to life-threatening infection), and a range of
1-10 days before receiving treatment, γ = 0.025 is
determined (Eikenberry et al., 2020; Ferguson et al.,
2020; Eubank et al., 2020). The rate of transmission
of COVID-19 disease varies greatly due to the actions
taken to reduce COVID-19. The lower the level of
action taken, the higher the transmission rate; we set
the parameter value β = 0.75 where no preventive
measures were taken so that the rate of transmission
was high; the value of this parameter is taken from
Zhu and Zhu (2021). Individual birth and death rates
156

Determined
(Sasmita et al., 2020)
Assumption

Determined 𝜅𝜅𝜅𝜅1 + 𝜅𝜅𝜅𝜅2 = 1/60
(Batistela et al., 2021; Dwomoh et al.,
2021)

are regarded as equal. Then, for the parameter
values of physical distancing measures and mask use,
there are several variations caused by the possibility
of individuals in the population performing these
actions: ε = [ 0.1, 0.55, 0.9] , u1 = [ 0.2, 0.55, 0.88] , and
u2 = [ 0.8, 0.45, 0.12] .
Figure illustration
The study describes the impact of compliance
with COVID-19 disease control policies such as the
use of masks and physical distancing on the spread of
COVID-19. This illustration involves three important
parameters in COVID-19 prevention measures, ε , u1 ,
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and u2 with the values of the three parameters being
different based on the data obtained as described
previously. This illustration depicts the amount of
spread of COVID-19 in a population over time (in
day). The illustrations performed on this model
include only for asymptotically stable conditions. The
illustration is obtained by substituting the parameters
in Table 2, initial values of stated variables, and the
parameter values ε , u1 , and u2 that have been set
to Eqs. 10 to 16. Initial values were obtained from
Indonesia’s COVID-19 conditions on June 22, 2021
(Satgas, 2021), there are s1 ( 0 ) + s2 ( 0 ) =
269451481 ,
,
,
e ( 0 ) = 124918 i1 ( 0 ) + i2 ( 0 ) =
13668 q ( 0 ) = 4958 , and
.
r ( 0 ) = 8375
RESULTS AND DISCUSSION
Equilibrium points
The equilibrium point is the point where each state
variable does not change in value, marked by the first
derivative of each variable equal to 0 (Safitri et al.,
2019). The equilibrium value is obtained from every
first derivative of the SEIRQ variable with the condition
that it must be equal to 0. Eqs. 10 to 16 have two
equilibrium points. One of the equilibrium points is
the disease-free equilibrium point, where the infection
will disappear from the system (infected i1 and i2 are
disappear). The point is obtained using Eq. 17.

(

E0 s1* , s2* , 0, 0, 0, 0, 0

)



(17)

µ + u2
u1
s1* =
s2* =
Where,
and
µ + u1 + u2
µ + u1 + u2 .
Another equilibrium point is the point where the
infection will continue to exist in the system which
is called the endemic equilibrium point. The point is
obtained using Eq. 18.

(

E1 s1* , s2* , e* , i1* , i2* , q* , r *

Where, s1* =
e* =

q* =

)

(18)

µ + κ1r * + u2 s2*
κ r * + u1s1*
, s2* = 1
,
*
µ + u1 + β (1 − ε ) i1
µ + u2

δ e* + u2i2* , *
β (1 − ε ) s1*i1* *
u1i1*
,
, i1 =
i2 =
σ + η + u1 + µ
δ +α + µ
σ + η + u2 + µ

α e* + η ( i1* + i2* )
γ +µ

*
*
* .
, and r * = σ ( i1 + i2 ) + γ q
κ1 + κ 2 + µ

The asterisk in each state variable is referred to as
the optimal value obtained from the first derivative
which is equated with 0.
Basic reproductive number
The basic reproduction number is one of the most
important parameters in epidemiological models, and
it is useful in determining the nature of disease that
occurs in a population. According to Driessche and
Watmough (2002), the basic reproduction number is
the expected value of the number of infections per
unit time caused by one infected individual case that
occurs in a population at a given time. R0 represents
the basic reproduction number. R0 can be calculated
in a variety of ways, but we will use the next
generation matrix. The subpopulations that will be
used are those that cause disease spread (infection),
namely the exposed subpopulation ( E ) , the infected
subpopulation that is not wearing a mask ( I1 ) , the
infected subpopulation that is wearing a mask ( I 2 ) ,
and the quarantine subpopulation ( Q ) .

de
= β (1 − ε ) s1i1 − δ e − α e − µ e 
dt

(19)

di1
= δ e + u2i2 − u1i1 − σ i1 − η i1 − µ i1 
dt

(20)

di2
= u1i1 − u2i2 − σ i2 − η i2 − µ i2
dt

(21)



dq
= α e + η i1 + η i2 − γ q − µ q 
dt

(22)

x′ ϕ ( x ) − ζ ( x )
Eqs. 19 to 22 can be written as=
, where ϕ is the new infection rate and ζ is the
infection transition rate. Thus, the Eq. 23 is obtained.

e
 β (1 − ε ) s1i1 
 
i


1
0
x′ =   , ϕ ( x ) = 
,
 i2 


0
 


0
q




e (δ + α + µ )


−δ e − u2i2 + i1 (σ + η + u1 + µ ) 

ζ ( x) =
 −u1i1 + i2 (σ + η + u2 + µ ) 


 −α e − η i1 − η i2 + q ( γ + µ ) 
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(23)

u2
u2 − µ
0
0
0
0
0
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Substitute the disease-free equilibrium point
Eq. 17, so that the Jacobian matrix of ϕ and ζ is
obtained as Eq. 24.


0

F = 0

0
0



β (1 − ε )( µ + u2 )
0 0
µ + u1 + u2

0 0

0 0
0 0 

0
0
0

, 

0
0
δ + α + µ
 −δ
σ
+
η
+
u
+
µ
−
u2
1
V =

0
σ + η + u2 + µ
−u1

γ
−η
−η
 −α

Substitute the parameter values in Table 2 and Eq.
17 into the J ( E ) matrix. The eigenvalue matrix J ( E )
has a non-zero solution if and only if det ( J ( E ) − λ I )
is called the characteristic equation. Then by
substituting the parameter values contained in Table
2 to Eq. 26, then the R0 value and the eigenvalues for
the disease-free equilibrium point are obtained as in
Table 3.
Based on the value of R0 , it is obtained the value
of R0 > 1 and R0 < 1 . On the first R0 , R0 > 1 obtained
because the individual level is vulnerable to physical
distancing measures of 0.1 , individuals who use
masks 0.2 and individuals who stop/ do not use masks
0.8 so that the disease spreads into an epidemic. On
the second R0 , R0 < 1 obtained because the level of
individuals who are vulnerable to physical distancing
measures is 0.55, individuals who use masks are 0.55
and individuals who stop/do not use masks are 0.45 so
that the disease will disappear within a certain time.
On the last R0 , R0 < 1 obtained because the level of
individuals who are vulnerable to physical distancing
measures, individuals who use masks are 0.88 and
individuals who stop/do not use masks are 0.12 so
that the disease will disappear within a certain time.
Therefore, the value of R0 is very dependent on the
parameters for controlling and preventing COVID-19
disease, namely physical distancing parameters,
using masks, and stopping/not using masks. The
more individuals who follow health protocols such
as physical distancing measures and the use of
masks and the fewer individuals who stop/not use
masks, the smaller the R0 value generated so that
the disease will quickly disappear. Next, substitute
the parameter values contained in Table 2 and Eq.
0
0
κ1
18 to J ( E ) matrix. The eigenvalues
of the endemic

0
0
κ2

equilibrium points are shown in Table
4.

(24)

0 
0 
0 

+ µ

The spectral radius of the matrix K = FV −1 is the
basic reproduction number ( R0 ). Thus, the Eq. 25 is
obtained.
R0 =

β (1 − ε )( µ + u2 )(σ + η + u2 + µ ) δ
(25)
( µ + u1 + u2 )(δ + α + µ )(η + µ + σ )(η + µ + σ + u1 + u2 )

Stability analysis
In this section, a stability analysis will be carried
out using the eigenvalues of the Jacobian matrix
from the equilibrium point contained in the model.
Eqs. 10 to 16 were tested for stability by substituting
the disease-free equilibrium point and the endemic
equilibrium point. Eqs. 10 to 16 are linearized using
the Jacobian matrix using Eq. 26.

u1 − β (1 − ε ) i1 − µ
− β (1 − ε ) s1
u2
0

−
−
u
u
µ
0
0
1
2



−δ − α − µ
β (1 − ε ) i1
0
β (1 − ε ) s1
0
0
0


J (E) = 
−u1 − σ − η − µ
0
0
δ
u2
0
0

Simulation with several parameters


−u2 − σ − η − µ
0
0
0
u1
0
0
We illustrate the impact of the
level of physical


−
−
0
0
α
η
η
γ
µ
0


distancing measures at 0.1, individuals
wearing masks

−κ1 − κ 2 − µ  using masks at 0.8
0
0
0
σ
γ

(26)
at 0.2 σand individuals
stopping/not

δ

− β (1 − ε ) s1
0
β (1 − ε ) s1
−u1 − σ − η − µ

0

u1

0
0
0
u2
−u2 − σ − η − µ

α

η
σ

η
σ

0
0
−δ − α − µ

0

0
0
0
0
0
−γ − µ

γ

as shown in Fig. 2.
The illustration uses a percentage of the total
population N, so the overall results are expressed
in percent. Fig. 2(a) shows that the rate of the
subpopulation of vulnerable individuals not wearing
masks continued to decline initially to 78%. The
subpopulation of individuals who tend to use masks
also decreased by 19.5%. The decrease occurs

κ1
κ2





0

0


0

0

−κ1 − κ 2 − µ 
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Table 3: Eigenvalues and 𝑅𝑅𝑅𝑅 for the disease-free equilibrium point
Table 3: Eigenvalues and R00 for the disease-free equilibrium point
𝜀𝜀𝜀𝜀 = 0,1. 𝑢𝑢𝑢𝑢1 = 0,2, 𝑢𝑢𝑢𝑢2 = 0,8

1.

Eigenvalue

𝜆𝜆𝜆𝜆1 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆5 = +0.0257 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆2 = −1.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆6 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆3 = −1.3175 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆4 = −0.6884 + 0.0000𝑖𝑖𝑖𝑖
2.

𝜆𝜆𝜆𝜆7 = −0.0715 + 0.0000𝑖𝑖𝑖𝑖
Unstable

𝑅𝑅𝑅𝑅0

𝑅𝑅𝑅𝑅0 = 1.283142917

𝜀𝜀𝜀𝜀 = 0,55. 𝑢𝑢𝑢𝑢1 = 0,55, 𝑢𝑢𝑢𝑢2 = 0,45
Eigenvalue

𝜆𝜆𝜆𝜆1 = −1.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆5 = −0.1834 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆2 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆6 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆3 = −1.3044 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆4 = −0.4924 + 0.0000𝑖𝑖𝑖𝑖
3.

𝜆𝜆𝜆𝜆7 = −0.0715 + 0.0000𝑖𝑖𝑖𝑖
Asymptotically stable

𝑅𝑅𝑅𝑅0

𝑅𝑅𝑅𝑅0 = 0.4868007714

𝜀𝜀𝜀𝜀 = 0,9. 𝑢𝑢𝑢𝑢1 = 0,88, 𝑢𝑢𝑢𝑢2 = 0,12
Eigenvalue

𝜆𝜆𝜆𝜆1 = −1.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆5 = −0.2729 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆2 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆6 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆3 = −1.2778 + 0.0000𝑖𝑖𝑖𝑖
𝜆𝜆𝜆𝜆4 = −0.4293 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆7 = −0.0715 + 0.0000𝑖𝑖𝑖𝑖
Asymptotically stable

𝑅𝑅𝑅𝑅0

𝑅𝑅𝑅𝑅0 = 0.07074610245

Table 4: The eigenvalues of the endemic equilibrium point
Table 4: The eigenvalues of the endemic equilibrium point
𝜀𝜀𝜀𝜀 = 0,1. 𝑢𝑢𝑢𝑢1 = 0,2, 𝑢𝑢𝑢𝑢2 = 0,8

1.

Eigenvalue

𝜆𝜆𝜆𝜆1 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆5 = −0.0000 + 0.0010𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆2 = −1.3113 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆3 = −0.6688 + 0.0000𝑖𝑖𝑖𝑖

2.

𝜆𝜆𝜆𝜆4 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖
𝜆𝜆𝜆𝜆1 = −1.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆6 = −0.0000 + 0.0010𝑖𝑖𝑖𝑖
𝜆𝜆𝜆𝜆7 = −0.0715 + 0.0000𝑖𝑖𝑖𝑖
Asymptotically stable

𝜀𝜀𝜀𝜀 = 0,55. 𝑢𝑢𝑢𝑢1 = 0,55, 𝑢𝑢𝑢𝑢2 = 0,45
Eigenvalue

𝜆𝜆𝜆𝜆5 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆2 = −1.4035 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆3 = −0.5766 + 0.0000𝑖𝑖𝑖𝑖
3.

𝜆𝜆𝜆𝜆4 = +0.0024 + 0.0000𝑖𝑖𝑖𝑖
𝜆𝜆𝜆𝜆1 = −0.9999 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆6 = −0.0024 + 0.0000𝑖𝑖𝑖𝑖
𝜆𝜆𝜆𝜆7 = −0.0715 + 0.0000𝑖𝑖𝑖𝑖
Unstable

𝜀𝜀𝜀𝜀 = 0,9. 𝑢𝑢𝑢𝑢1 = 0,88, 𝑢𝑢𝑢𝑢2 = 0,12
Eigenvalue

𝜆𝜆𝜆𝜆5 = −0.0000 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆2 = −1.5770 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆6 = −0.0030 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆3 = −0.4030 + 0.0000𝑖𝑖𝑖𝑖

𝜆𝜆𝜆𝜆7 = −0.0715 + 0.0000𝑖𝑖𝑖𝑖
Unstable

𝜆𝜆𝜆𝜆4 = +00031 + 0.0000𝑖𝑖𝑖𝑖
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because of the movement between subpopulations,
so that the number of susceptible subpopulations
decreases drastically without significant input from

population R. The susceptible subpopulations that
do not use masks experience a greater decrease
than the susceptible subpopulations that do not use

(a)

(b)

(c)

(d)

(e)
Fig. 2: The subpopulation of the spread of COVID-19 with
=
ε 0.1,
=
u1 0.2 , u2 = 0.8

Fig. 2: The subpopulation of the spread of COVID-19 with 𝜀𝜀𝜀𝜀 = 0,1. 𝑢𝑢𝑢𝑢1 = 0,2, 𝑢𝑢𝑢𝑢2 = 0,8
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masks, this is because the level of individuals who
stop/do not use masks masks is 0.8, while the level
of individuals who use masks is 0.2. The decline
was exacerbated by the level of individuals taking
physical distancing measures, which was only 0.1 so
that the number of exposed individuals increased.
In Fig. 2(b), the rate of the exposed population
increased sharply by 0.18%, several times from the
previous position. The graph had decreased due to
the interaction of S1 and S2 that did not go to E.
The increase was caused by the rate of individuals
taking physical distancing measures of 0.1 and the
displacement of the subpopulation into infected
individuals due to the incubation period of the
virus and quarantine individuals after being tested
positive for COVID-19 through rapid, antigen, or
swab tests. Fig. 2(c) shows the rate of the infected
subpopulation not wearing a mask increased by
0.16%. The subpopulation of infected individuals
who use masks also increases but the number is
very small compared to those without masks. The
increase occurred due to the movement between
infected subpopulations so that the number of
subpopulations increased in each subpopulation.
This is because the level of individuals who stop/do
not use masks is 0.8 while the level of individuals
who use masks is 0.2. The input from exposed
individuals is quite large, on the other hand the
output to quarantined individuals is moderate. The
decline was not very noticeable as there was very
little movement of infected individuals receiving
COVID-19 treatment and infected individuals who
had recovered naturally from COVID-19 illness. Fig.
2(d) shows the rate at which the subpopulation of
quarantined individuals increased by 0.3%. The
increase in the karatina subpopulation was caused
by the number of infected individuals who carried
out the Swab Test or Rapid Test and the number
of infected individuals who received treatment for
COVID-19. The subpopulation decline was not seen
as significant due to the large input of infected
individuals. In Fig. 2(e), the rate of individual
subpopulation recovering increased to 1.7%. The
increase in the subpopulation was caused by the
displacement of the subpopulation of infected
individuals I_1 and I_2 who recovered naturally
from COVID-19 disease and the displacement
of the quarantine subpopulation Q who had
recovered from COVID-19 disease with treatment.

This means that the disease will continue to exist
and cause infection in the population. The study
tries to illustrate the impact of the level of physical
distancing measures by 0.55, individuals using
masks at 0.55 and individuals stopping/not using
masks at 0.45 as shown in Fig. 3. Fig. 3(a) shows
that the level of susceptible subpopulations that
do not use masks continues to increase, while
the subpopulation of susceptible individuals who
use masks decreases. The number of increases in
S1 is not significant because the number of S2 is
still larger, the implication is that the number of
susceptible populations continues to increase. This
positive trend was due to input from the recovered
population, whereas the exposed population
did not have a large transition. This is due to the
interaction of S1 and S2 in a positive trend, while the
susceptible to infected interaction is limited by the
physical distancing parameter. Fig. 3(b) shows that
the rate of the exposed population has decreased
very significantly to close to 0.001% and the graph
will move towards a point and be stable at that point
until t=∞. The decline was caused by the movement
of the population to infected individuals due to
the incubation period of the virus and quarantined
individuals after being tested positive for COVID-19
through rapid tests, antigens, or swabs. In Fig. 3(c),
the rate of the infected subpopulation that does
not wear a mask has decreased very significantly,
approaching 0.001% and the graph will move
towards a point and be stable at that point until
t= ∞ . The subpopulation of infected individuals
wearing masks experienced rapid changes where
the graph dropped to 0.001% and the graph went to
a point and was stable at that point until t= ∞ . The
decrease and increase occurred due to movement
between subpopulations so that the number of
subpopulations increased and decreased in each
subpopulation. This is because the level of individuals
who stop/do not use masks is 0.45 while the level
of individuals who use masks is 0.55. The decline
also occurred due to the movement of infected
individuals who received COVID-19 treatment and
infected individuals who had recovered naturally
from COVID-19 disease. Fig. 3(d). In Fig. 3(d), the
rate of the subpopulation of quarantined individuals
changes rapidly where the graph drops to near 0%
and towards a point and stabilizes at that point
until t= ∞ . The increase in the subpopulation was
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caused by the number of exposed individuals who
did the Swab Test or Rapid Test and the number
of infected individuals who received treatment

for COVID-19 disease, while the decrease in the
subpopulation was due to quarantined individuals
who had recovered. COVID-19 disease. In Fig. 3(e),

(a)

(b)

(c)

(d)

(e)
Fig. 3: The subpopulation of the spread of COVID-19 with
=
ε 0.55,
=
u 0.55 , u = 0.45

1
Fig. 3: The subpopulation of the spread of COVID-19 with 𝜀𝜀𝜀𝜀 = 0,55.
𝑢𝑢𝑢𝑢1 =2 0,55, 𝑢𝑢𝑢𝑢2 = 0,45
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until t= ∞ . The increase in the subpopulation was
caused by the displacement of the subpopulation of
infected individuals I1 and I2 who recovered naturally

the rate of individual subpopulations recovering
increased to 0.046%. Then the graph begins to
descend towards a point and stabilizes at that point

(a)

(b)

(c)

(d)

(e)
=
ε 0.9,
0.88 , u2 = 0.12
Fig.subpopulation
4: The subpopulation
spread
COVID-19 with
1
Fig. 4: The
spread
ofofCOVID-19
with
𝜀𝜀𝜀𝜀 =
=u0,9.
𝑢𝑢𝑢𝑢1 = 0,88, 𝑢𝑢𝑢𝑢2 = 0,12
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from COVID-19 disease and the displacement of the
quarantine subpopulation Q who had recovered
from COVID-19 disease with treatment. This means
that the disease does not spread the disease to the
population and the disease will disappear over time.
The simulation shows the impact of the level of
physical distancing measures is 0.9, individuals who
use masks are 0.88 and individuals who stop/do not
use masks are 0.12 as in Fig. 4. In the simulation
with these parameters, the resulting shapes and
transitions are the same as the simulations in the level
of physical distancing measures by 0.55, individuals
using masks at 0.55 and individuals stopping/not
using masks at 0.45.
Figs. 3 and 4 have the same shape and show
the stability of the simulation. Fig. 4(a) has a
different starting point, while the shape of the curve
continues to increase the susceptible population.
This happens because the designed optimistic
formula has succeeded in avoiding individuals
from being in other populations/subpopulations.
Figs. 4(b) and 4(c) only change in the momentum
of the increase and decrease in the number of
individuals. The same thing happened to the
quarantine and recovery population in Figs. 4(d) and
4(e). From the simulations that have been carried
out, the shape of the curve for each case can be
different if it has not reached the peak point in
the exposed population, infected population, and
quarantine population. It takes a very long time to
break up the peak of the disease. With optimistic
parameters of more than 0.55 physical distancing
and the use of masks, a peak curve has emerged and
stability is obtained. Individuals are concentrated
in the susceptible population/subpopulation and
recovered population. By maintaining this number
and implementing longer compliance, individuals in
the exposed, infected, and quarantined populations
are depleted to the recovered population.
Parameters that play a role in preventing infection
in the susceptible population are u1 and u2. These
two parameters exclude all individuals into the
masked susceptibility subpopulation because the
assumption is made that this subpopulation cannot
be infected. Looking at the simulations in Figs. 3 and
4, a significant parameter is physical distancing. This
parameter plays a role in accelerating and slowing
the transition of susceptible individuals to other
populations. When the parameter is increased,

peak momentum is achieved faster, and vice versa.
This parameter affects the exposed population,
infected subpopulation, quarantine population, and
a small part of the recovered population. Based on
the illustration results, it can be seen that the more
individuals who take physical distancing measures,
use masks and the fewer individuals who stop/do not
use masks, the spread of COVID-19 will be smaller
so that in a certain time the disease will disappear.
COVID-19 disease control measures do not only
focus on physical distancing and the use of masks,
but this is one of the most important steps taken as
stated by WHO. There are many other precautions
that can minimize the spread. The more preventive
measures are taken, the faster the disease will
disappear, one of which is if the detection/tracking
of individuals who have been infected and exposed
to COVID-19 is increased, the individual will receive
treatment faster so that fewer people will contract
the disease.
CONCLUSION
This study proposes a mathematical model of
COVID-19 spread that takes into account people’s
behavior and compliance. The use of masks and
physical distancing are among the behaviors under
consideration. This behavior divides the susceptible
population into two subpopulations: those who
use a mask and those who do not use a mask. The
same holds true for the infected population. Using a
mask, the value of the compliance parameter is set
between 0 and 1. The physical distancing compliance
parameter, which ranges from 0 to 1, does not
divide the population. The analysis was performed
for two different equilibrium points: diseasefree equilibrium and endemic equilibrium. The
equilibrium point is obtained from the position where
there is no change in the number of individuals in
the population. Disease-free equilibrium means that
there is no disease in the population, while endemic
equilibrium is that there are infected subpopulations
in the population. For both equilibrium points,
the stability criterion is asymptotically stable.
Disease-free conditions are met and maintained
if compliance with masks and physical distance
exceeds 55%. Based on the stability of the disease
endemic balance point, this condition will become
endemic in an area/community if mask compliance
is less than 20% and physical distance from crowds
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is not maintained. The basic reproduction rate has
a significant impact on the presence or absence of
an endemic in a population. The model illustration
shows that if the rate of people wearing masks is
at least 55% and the rate of people taking physical
distance measures is at least 55%, the COVID-19
disease will be eradicated from the population
within a certain time frame. The spread of COVID-19
will be significantly reduced if the awareness level of
people wearing masks is increased to 88% and the
level of people taking physical distancing measures
is increased to 90%. As a result, the disease is
vanishing from the population at a faster rate. The
measures are intended to increase by 55%-88%the
masked subpopulation of susceptible and infected
people. This policy must be implemented because
it demonstrates a positive trend of disease-free
status in a relatively short period of time. Physical
distancing adherence has increased from 55% to
90%, indicating a positive trend toward COVID-19
extinction. Mask pollution can be dealt with quickly
based on the time it takes to be disease-free. Policy
decisions involving masks for specific populations,
on the other hand, should be reconsidered. It can
be researched using pharmaceutical solutions that
do not generate a lot of medical waste. The longterm solution to eradicating COVID-19 is to include
other parameters, such as those for increasing
and decreasing the number of wards, outpatient
solutions, and parameters related to the internet of
things (IoT). COVID-19 must be eradicated as soon
as possible in order to reduce the environmental
impact of mask waste.
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α

The rate of individual exposed to
quarantine individual

β

Disease transmission rate

COVID-19

Coronavirus Disease 2019

δ

The rate of individual is exposed to
an infected individual

M. Ramli et al.

det

Determinant

ε

physical distancing

η

The rate of infected individuals being
quarantined individuals
Number of individual subpopulations
exposed

Number of subpopulations of susceptible individuals not wearing masks

S2

Number of subpopulations of susceptible individuals using masks

SEIR

Severe acute respiratory syndrome
coronavirus 2
susceptible-exposed-infected-quaratine-recovery
susceptible-exposed-infected-recovery

T

Time

Figure

u1

Mask usage rate

The rate of quarantine individuals
recovers with treatment

u2

The rate of not/stopping using a mask

Identity matrix

ϕ

The new infection rate

I1

Number of subpopulations of infected individuals not wearing masks

WHO

World Health Organization

ζ

The infection transition rate

I2

Number of subpopulations of infected individuals wearing masks

x

State variable

E
E0

Disease-free equilibrium point

E1

Endemic equilibrium point

Eq. / Eqs.

Equation / equations

Fig.

γ

J

Jacobian matrix

K

Spectral radius matrix

λ

Eigenvalue

κ1

The rate of recovered individual back
to susceptible not wearing masks

κ2

The rate of recovered individual back
to susceptible wearing masks

µ

The birth or death rate of individuals
in the population

M

meter

MERS-CoV

Middle East Respiratory Syndrome
Coronavirus

N

Total population in the system

N95

Not resistant to oil with 95% particle
filtered

%

Percent

Q

R

σ
S

SARS-Cov2
SEIQR
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