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Abstract: The spread of the COVID-19 virus had a huge impact on human life on the global scale.
Many control measures devoted to decrease contact among people have been adopted to slow down
the transmission of the disease. A series of measures have been taken in supermarkets, which include
restricting the number of customers, keeping social distance, and entering with a shopping cart. In this
work, we investigate with numerical simulations the effectiveness of these measures in reducing the
contact among customers. Several scenarios with different control measures are designed for numerical
analysis. The movements of customers in a supermarket are simulated by a microscopic model for
pedestrian dynamics. Moreover, an index based on the distance between customers is defined to measure
the degree of contact and therefore evaluate it quantitatively. The effect of these measures on the average
contact degree of each customer is explored, and the spatial distribution of the contact among customers
in the supermarket is shown in a qualitative way. Simulation results show that except shopping cart
measure, the other two measures are effective in reducing contact among customers.

Keywords: COVID-19 virus disease; control measures; supermarket; numerical simulation; microscopic
model; contact

1. Introduction

The so-called Coronavirus (COVID-19) was first identified in December 2019 in Wuhan, Hubei,
China and has became an infectious disease worldwide [1]. As of 29 June 2020, there have been more
than 10 million confirmed cases of COVID-19, including nearly 500,000 deaths, as reported by the World
Health Organization (WHO) [2]. The disease spreads primarily from person to person through small
droplets produced by coughing, sneezing, or speaking of an infected person [3]. Therefore, as there is
still no known vaccine against the virus, reducing close contact situations among people is one of the
recommended measures to prevent infection [4]. Other measures taken by many countries to avoid or even
prohibit situations leading to close contact among people, including travel restrictions, closing schools,
and canceling large gatherings. The effectiveness of these control measures are investigated in some
works [5–7].

The pandemic and these control measures also have a huge impact on pedestrian dynamics at
different scales, e.g., touristic urban areas [8,9] and university buildings [10,11]. In this work, we focus on
supermarkets, which are kept open during the outbreak. In order to keep the safety of customers, a series
of measures have been adopted. These measures include setting a limitation on the number of customers
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in the supermarket, asking customers to keep a certain distance with each other (a minimum of 1.5 m),
and requiring customers to enter the supermarket with a shopping cart, while wearing a face mask.

In this paper, we investigate the extent to which these measures are effective in reducing the contact
among customers with the help of numerical simulations. Many simulations have been performed to
predict the influence of this pandemic on the example of supermarket visitors, and to investigate the best
measures to slow down its spread.

Existing models for COVID-19 transmission dynamics operate on different levels, which can be
described as macroscopic and microscopic. On the macroscopic level, the investigated population is
divided into different groups of individuals sharing the same status, and the interactions between groups
are described by systems of differential equations. The most popular model in this category is the SEIR
model (Susceptible–Exposed–Infected–Recovered). Many significant works about COVID-19 are based on
this model and its extensions [12–16]. Macroscopic models are computationally cheap and can intuitively
reflect the changing trend of groups of population with different infectious statuses. It can be used to
predict the spread of the disease, and estimate the effectiveness of control measures in regions with large
population, e.g., a city.

As opposed to macroscopic models, which divide population into several groups, microscopic models
treat each person as an individual with different properties. The status of each people in the simulation is
different, which can be healthy, infected or other. Microscopic models for COVID-19 are usually composed
of a model for pedestrian dynamics and a model for disease transmission dynamics. The movement and
interaction of individuals are simulated by a model for pedestrian dynamics, and the status transitions
of individuals are simulated by a disease transmission model [17–20]. Although microscopic models are
computationally more expensive than macroscopic models, they can map more details in person level,
therefore it is suitable to simulate the spread of virus in confined spaces during a short time period.

A supermarket is a relatively small scenario that can have a high population mobility. Therefore,
in this work we use a microscopic model to investigate different scenarios in a supermarket and evaluate
the effectiveness of measures taken in these scenarios. In the following, we focus on the contact among
customers instead of the virus transmission among customers, as reducing contact is important to slow
down the transmission of COVID-19. By measuring the contact degree, we can study the effectiveness of
various measures more directly.

To simulate the movement of customers in the supermarket, the generalized collision-free velocity
model (GCVM) for pedestrian dynamics is adopted [21]. First, we define a distance-based index to
quantify the degree of contact among customers. Second, according to the different measures taken by the
supermarket, corresponding simulation scenarios are designed and executed. Finally, the values of the
contact index obtained from different scenarios are analyzed and compared to evaluate the effectiveness of
these measures. This work is organized as follows. In Section 2.1, we briefly introduce the GCVM adopted
in this work and give the definition of the index to quantify the contact among pedestrians. Section 2.2
presents the supermarket scenarios designed for the simulations and describes how customers move in the
supermarket. Section 3 gives simulation results obtained in the scenarios with different control measures
and the corresponding analysis. Finally, in Section 4 we finish with a discussion.

2. Research Methods

2.1. How to Quantify Contact among Pedestrians

The collision-free velocity model for pedestrian dynamics is used in this work to simulate the
movement of customers in the supermarket. It is composed of a direction sub-model and a speed
sub-model, and can be described as
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Ẋi(Xi, Xj, . . . ) = ~ei(Xi, Xj, . . . ) ·Vi(Xi, Xj, . . . ), (1)

where Xi,~ei, and Vi are the position, moving direction, and moving speed, respectively.
The direction sub-model calculates the moving direction~ei for pedestrian i as

~ei = u ·
(
~e 0

i + ∑
j∈Ni

k · exp
(−si,j

D

)
·~ei,j + ~wi

)
, (2)

where u is a normalization constant such that ‖~ei‖ = 1. The new direction is decided by three different
components. The first component is the ~e 0

i , which is an unit vector representing the desired moving
direction of the pedestrian i. The second component is the effect from other pedestrians belonging
to Ni, which is the set that contains all the neighbors who affect the moving direction of pedestrian i.
The magnitude of the effect from these neighbors is a function of si,j, which is the distance between the
edges of pedestrian i and j along the line connecting their positions. Coefficients k > 0 and D > 0 are used
to calibrate the function accordingly. The direction of the effect from pedestrian j to i is denoted by~ei,j,
which is a unit vector point from the position of pedestrian j to pedestrian i. The definitions of si,j and~ei,j
are shown in Figure 1. The last part is ~wi, which is the effect from walls and obstacles in the building.

The speed sub-model calculates the moving speed Vi for pedestrians i as

Vi = min
{

V0
i , max

{
0,

si
T
}}

, (3)

where V0
i is the desired moving speed of pedestrian i, si is the collision-free moving spacing of pedestrian

i in the moving direction~ei, and coefficient T > 0 is used to adjust the speed according to the gap between
two pedestrians. A more detailed definition of the model can be found in [21].

The distance among pedestrians changes with time while they are moving in space. We assume that
small distances lead to a bigger contact index. Therefore, the index Ci(t), representing the contact degree
of pedestrian i with its neighbors at time t, is defined as

Ci(t) = ∑
j∈Ni

exp
(
− di,j(t)

)
, (4)

where di,j is the distance between the position of pedestrians i and j, see Figure 1.

Figure 1. The definition of si,j, di,j and~ei,j. si,j is the distance between the edges of pedestrian i and j along
the line connecting their positions, di,j is the distance between the position of pedestrians i and j, and~ei,j is
a unit vector point from the position of pedestrian j to pedestrian i.
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2.2. Simulation of Shopping Behavior in the Supermarket

A fictive supermarket scenario, as shown in Figure 2, is built based on a real supermarket nearby the
city Jülich in Germany to simulate several scenarios. It represents the typical structure of a medium-sized
supermarket in Germany. The supermarket is 34 m long and 18 m wide. It is composed of three different
areas: a checkout, a shopping, and an outside area.
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Figure 2. The geometrical structure of the supermarket used in the simulations, the outside area of the
supermarket is filled with hatch lines.

The checkout area includes three counters 5× 1 m2 (in black) and three corridors (in gray), while the
shopping area includes 10 goods shelves. The sizes of the far left two shelves are 6× 2 m2 and the sizes
of other shelves are 10× 2 m2. Except the area in front of the checkout area, the widths of the walking
paths are 2 m. The entrance is located in the upper left corner of the supermarket (green dashed segments).
The exits from the shopping area to the checkout area and the exits from checkout area to outside are all
marked with red dash segments.

We perform the simulations with a total of M customers. Hereby, P persons are generated outside the
supermarket every minute until all the M customers are generated. The generated customers enter the
supermarket from the entrance and move in the shopping area. Each customer is assigned a random goal
within the supermarket after entering the supermarket. After reaching the goal, the customer is assigned
another random goal until the time spent in the shopping area is longer than tshop

i , the shopping time
for customers.

As introduced before, there are three counters in the checkout area, which means customers have
three choices after finishing the shopping. We assume customers prefer to check out at the counter with the
fewest customers. Customers who choose the same counter check out one by one in the order of entering
the corridor. The time spent for checking out tcheck

i is proportional to the shopping time and is defined as

tcheck
i = α · tshop

i , (5)

where α < 1 is a parameter. Finally, after checking out, the customers leave the supermarket.
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Besides the basic movement of customers, the behavior of customers is influenced by the measures
adopted by the supermarket. Therefore, these measures are considered into the basic movement model.
We introduce three main measures commonly used in supermarkets nowadays.

The first measure is setting a limitation for the maximal number of customers in the supermarket.
This is realized by introducing a new parameter Lmax in our model, which is the max allowable number
of customers in the supermarket at the same time. Customers can only enter the supermarket when the
number of persons inside the supermarket does not exceed the threshold Lmax. Otherwise, customers have
to wait outside.

The second measure is asking customers to keep social distance to each other. From daily observations
in supermarkets, the social distance rule is well maintained in the checkout area, but cannot be maintained
in a strict manner in the shopping area. Therefore, compared with simulations without the social distance
rule, a larger value of D in Equation (2) is adopted to enforce larger distances among pedestrians.

Besides, to simulate the queuing of customers, a modified speed sub-model as following is used when
customers are in the checkout area.

Vi = min
{

V0
i , max

{
0,

di − dwait
i

T
}}

. (6)

In the modified speed sub-model, di is the distance between positions of customer i and the nearest
front customer. dwait

i is the distance that customer i wants to keep with the nearest front customer. The
expression of dwait

i is

dwait
i = max

{
drule, β · tshop

i

}
, (7)

where drule is the social distance adopted and β is a parameter.
When there is no social distance rule, the distance between the customers in the checkout area is

decided by the shopping time, as we assume that longer shopping times correspond to more space for
putting purchased good on the conveyor belt. When the social distance measure is taken, customers
maintain at least drule distances with each other even when they purchase few items in the market.

The last measure is requiring customers to enter the supermarket with a shopping cart. In our
simulations, customers are represented by circles with a radius r. Considering that shopping carts increase
the space occupied by each customer in the supermarket, a bigger ellipse is used to represent the customers
with shopping carts. The length of the semi-major axis in the moving direction is a, and the length of
semi-minor axis is b.

3. Simulation Results

To explore if the measures taken by the supermarkets are efficient in reducing the contact among
customers, the simulations are implemented in the geometry shown in Figure 2 with four different
scenarios. For all cases, we use the following parameter values in Table 1. We assumed reasonable values
for the desired moving speeds and the shopping times of customers, which are normally distributed for
heterogeneity. The mean and standard deviation of the desired moving speeds refer to the free walking
speed of pedestrians [22,23]. The other values in Table 1 are kept constant to guarantee the justification of
the comparisons between different scenarios.
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Table 1. The same parameters in all four scenarios. k (Equation (2)) is the parameter to calibrate the strength
of the impact from other pedestrians, T (Equations (3) and (6)) is the parameter to calibrate the speed
according to the gap between two pedestrians, α (Equation (5)) is the parameter to calibrate the checkout
time according to the shopping time, β (Equation (7) is the parameter to calibrate the distance between
customers in checkout area according to the shopping time, M is the total number of customers generated
in the simulation, P is the number of customers generated every minute, V0

i (Equations (3) and (6)) is the

desired moving speed of customers, and tshop
i is the shopping time of customers.

Parameters Values

k 8
T (s) 1

α 0.1
β (m/s) 0.003

M (person) 100
P (person/min) 10

V0
i (m/s) N∼(1.34, 0.262)

tshop
i (s) N∼(300, 502)

The differences among the settings of these four scenarios are shown in Table 2. A complete list of all
parameters choices in the four scenarios is given in Table A1 (Appendix A).

Table 2. The setting of four scenarios in this work. Lmax is the max allowable number of customers in the
supermarket at the same time, drule is the social distance, and D (Equation (2)) is the parameter to calibrate
the scale of the impact from other pedestrians.

Scenario ID Lmax (Person) drule (m) D (m) Need Shopping Cart

1 50 0 0.1 No
2 30 0 0.1 No
3 30 1.5 0.3 No
4 30 1.5 0.3 Yes

The snapshots of each scenario are shown in Figure 3. The customers are represented by circles with
r = 0.2 m in scenarios 1, 2, and 3, where customers can enter the supermarket without a shopping cart.
In scenario 4, customers enter the supermarket with shopping carts, therefore they are represented by
ellipses with semi-axes a = 0.4 m and b = 0.25 m. Customers inside the supermarket are in green whereas
customers outside are in red.

(a) (b)

Figure 3. Cont.
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(c) (d)

Figure 3. The snapshots of four scenarios; customers inside the supermarket are in green, whereas
customers outside are in red. (a) Scenario 1. (b) Scenario 2. (c) Scenario 3. (d) Scenario 4.

Supermarkets take measures to reduce the contact among customers, but these measures may result in
a decrease in the service efficiency. Two quantities are chosen to study the trade-off between the efficiency
of the supermarket and the effectiveness of the measures: The first one is tsim, which is the time spent
by all the M customers in the supermarket. tsim reflects the efficiency of the supermarket. It can be
represented by

tsim = tlast − tfirst, (8)

where tfirst is the time when the first customer enters the supermarket, and tlast is the time when the last
customer leaves the supermarket. The second one is the average contact degree of all the M customers,
which is defined as

C̄ =
1
M
·
∫ tlast

tfirst

M

∑
i=1

Ci(t)dt. (9)

If customer i is outside the supermarket, Ci is equal to zero. A reasonable measure should reduce C̄
as much as possible without increasing tsim significantly.

The simulations of this work are performed using JuPedSim [24], which is an open framework for
simulating and analyzing the dynamics of pedestrians. The simulations are executed on a standard
computer (Inter(R) Core(TM) CPU of 2.50 GHZ) with Euler scheme using a time step ∆t = 0.05 s.
The update of the customers is parallel in each time-step. We run simulations in each scenario for 30 times.
Then, we calculated the mean value and standard deviation of tsim and C̄, which are shown in Figure 4.
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Figure 4. The comparison of tsim (time spend by all customers) and C̄ (average contact degree of all
customers) for four scenarios, the error bars show the standard deviation.
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Hypothesis testing is implemented before comparing the results of different scenarios. The null
hypothesis is set as there is no significant difference between the results of two compared scenarios.
The Shapiro–Wilks test is performed first to test the normality of the differences between the results of
two scenarios. Since all the differences satisfy the condition of normality (p1 is greater than 0.05), we can
perform the Paired t-test for all the comparisons. The null hypothesis is accepted when p2 is greater than
0.05. The results of Shapiro–Wilks test and Paired t-test are shown in Table 3.

Table 3. The result of Shapiro–Wilks test and Paired t-test. (S1 means the result from scenario 1.)

Mean Standard Deviation
Shapiro–Wilks Test Paired t-Test

W p1 t p2

tsim

S1–S2 −175.3000 26.8790 0.9798 0.8200 −35.1211 0.0000
S2–S3 −6.1125 16.1472 0.9666 0.4497 −2.0385 0.0507
S3–S4 −3.2083 18.0953 0.9709 0.5639 −0.9548 0.3476

C̄
S1–S2 172.7929 11.7533 0.9828 0.8938 79.1711 0.0000
S2–S3 40.5942 5.8819 0.9755 0.6980 37.1660 0.0000
S3–S4 −2.1007 7.5094 0.9426 0.1070 −1.5065 0.1428

From scenario 1 to scenario 4, the protective measures adopted by the supermarket become stricter.
Comparing scenario 1 and scenario 2, scenario 2 has smaller Lmax than scenario 1. The values of p2 for tsim
and C̄ are both less than 0.05, showing a significant difference between the results of these two scenarios.
From scenario 1 to scenario 2, the mean value of C̄ decreases roughly 56%, and the mean value of tsim

increases roughly 13%. In conclusion, restricting the number of customers in the supermarket is an effective
measure to reduce the contact among customers with a slightly reduced efficiency of the supermarket.

Scenario 2 and scenario 3 have the same Lmax, but the social distance rule is adopted in scenario 3.
Since the value of p2 for tsim is greater than 0.05, we can say there is no significant difference between
tsim of these two scenarios. For C̄, the value of p2 is less than 0.05. The mean value of C̄ decreases nearly
29% from scenario 2 to scenario 3. Therefore, social distance rule is also effective to reduce the contact,
and hardly affect the efficiency of the supermarket.

In scenario 4, the shopping cart is required for entering the supermarket. Compared with scenario 3,
the values of p2 for tsim and C̄ are both greater than 0.05. Therefore, it seems that the shopping cart rule
has limited effect with respect to reducing the contact, although this rule can reduce the workload of
counting customers, since the supermarket can limit the number of people in the supermarket by placing
a shopping cart with a quantity of Lmax.

In addition to the two quantities, the spatial distribution of the contact among customers in the
supermarket is investigated. The steady state of each scenario is identified first, which is defined as the
status that the number of customers in the supermarket reaches Lmax. For each scenario, one run is picked
out to show the steady states. The steady states of these four scenarios correspond to the flat regions of
four lines in Figure 5. The steady areas of scenarios 2, 3, and 4 are almost overlapped, as the value of Lmax

are the same. The vertical axis represents the number of customers in the supermarket. The oscillation
of the steady state is caused by the time gap between customers entering and leaving the supermarket.
The start time and the end time of the steady state is defined as tstart and tend, respectively.
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Figure 5. The steady states of the four scenarios.

The geometry of the supermarket is divided into regular grids of size 0.2× 0.2 m2, and an index Cgrid

is calculated for each grid according to

Cgrid =

∫ tend

tstart ∑i∈G Ci(t)dt∫ tend

tstart ∑i∈G dt
, (10)

where G is the set containing all the customers in the grid. We calculate the mean value of Cgrid in each
grid with the 30 times simulations of each scenario. The distributions of Cgrid in the supermarket for four
scenarios are shown in Figure 6.

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

C
gr

id

(a)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

C
gr

id

(b)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

C
gr

id

(c)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

C
gr

id

(d)

Figure 6. The distributions of Cgrid in the supermarket for four scenarios. (a) Scenario 1. (b) Scenario 2.
(c) Scenario 3. (d) Scenario 4.
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A qualitative observation shows that the distribution of Cgrid changes with the measures taken by
the supermarket. The same conclusions as before can be obtained, for instance, restricting the number of
customers and social distance rule are useful to reduce the contact among customers, and the shopping
cart rule is not effective.

The four profiles in Figure 6 also show that the values of Cgrid differ depending on different parts
of the supermarket. Therefore, in Figure 7a four areas in the supermarket are specified, and the average
values of Cgrid in these areas are calculated. The grids which are located in the obstacles (e.g., counters and
goods shelves) are ignored in the calculation, as the values of Cgrid in the obstacle areas are always equal
to zero. The mean values and standard deviations of 30 times simulations for four scenarios are compared
in Figure 7b.
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Figure 7. The average values of Cgrid in specified areas. (a) The locations of these areas. (b) The comparison
of average values; the error bars show the standard deviation.

The same hypothesis testing is implemented for following comparisons. Paired t-test is performed
when the difference between two scenarios satisfy the condition of normality. Otherwise, Wilcoxon
signed-rank test is used. The testing results are shown in Table 4.

Table 4. The testing result of comparisons for different areas in the supermarket. (S1 means the result from
scenario 1.)

Mean Standard Deviation
Shapiro–Wilks Test Paired t-Test (Wilcoxon)

W p1 t (W) p2

Area 1
S1–S2 0.1952 0.0907 0.6739 0.0000 0.0000 0.0000
S2–S3 0.0229 0.0135 0.9247 0.0355 0.0000 0.0000
S3–S4 −0.0009 0.0052 0.9837 0.9140 −0.8889 0.3814

Area 2
S1–S2 0.2646 0.0663 0.9414 0.0994 21.5000 0.0000
S2–S3 0.0070 0.0285 0.9705 0.5527 1.3228 0.1962
S3–S4 0.0336 0.0257 0.9638 0.3851 7.0483 0.0000

Area 3
S1–S2 0.1210 0.0316 0.9822 0.8799 20.5898 0.0000
S2–S3 0.0582 0.0167 0.9939 0.9996 18.7725 0.0000
S3–S4 0.0153 0.0133 0.9488 0.1566 6.1786 0.0000

Area 4
S1–S2 0.3027 0.0774 0.9711 0.5688 21.0676 0.0000
S2–S3 0.2570 0.0520 0.9908 0.9946 26.6224 0.0000
S3–S4 −0.0157 0.0587 0.9714 0.5795 −1.4439 0.1595
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The common point of these four scenarios is the average values of Cgrid in Area 2 and Area 4 are
higher than in Area 1 and Area 3. The reason is that crossing structures are exist in Area 2 and Area 4.
Customers in these crossing areas can move in more directions, thus increasing the likelihood of congestion,
especially when the number of customers in the supermarket is high.

More information can be obtained by combining Figure 7b and Table 4. Restricting the number of
customers decreases the value of Cgrid in all four areas. The social distance rule also reduces the contact of
customers in Area 1, Area 3 and Area 4, but has no effect in Area 2. As for the shopping cart rule, it has a
little influence in Area 2 and Area 3, and no effect in Area 1 and Area 4.

4. Conclusions

Supermarkets are closely related to people’s daily life. During the COVID-19 period, a series of
measures are adopted in supermarkets to slow down the propagation of the disease. The effectiveness
of these measures are investigated in this paper. The contact degree among customers is treated as the
standard for comparing different measures. Simulations of several scenarios corresponding to different
measures taken by supermarkets are performed.

We run simulations in each scenario for 30 times and implement hypothesis testing. Although the
supermarket scenarios used in this work is simplified and the behavior of customers in our simulations
are based on several assumptions, the following results can be obtained by comparing the accumulation of
the time spent by all the customers in the supermarket and the average contact degree of these costumers.
The limitation on the number of customers in the supermarket slightly reduces the efficiency of the
supermarket, but significantly reduces the contact among customers. The social distance rule is also
effective at reducing the contact among customers. However, the shopping cart rule has little effect in
reducing the contact among customers.

Moreover, the spatial distribution of the contact between customers in the supermarket shows that
the contact in the areas with crossing structure is obviously higher than in other areas. Therefore, reducing
the crossing area in the supermarket may be an effective measure to reduce the contact among customers.

In summary, supermarkets should continue to limit the number of customers and require customers
to maintain a minimum social distance. Besides, supermarkets can change the layout to reduce the
crossing area.

The work in this paper only focus on the contact among people using on a velocity-based model,
but has potential to be extended to an epidemiology model by combining the knowledge and data about
the spread COVID-19 into the movement model.

The results of this work may change with the structure of the fictive supermarket scenario and the
behavior of customers in simulations, but nonetheless we believe that the framework presented in this
study can evaluate the effectiveness of control measures in indoors scenarios.

Future research will focus on the dependence of our results on the structure of scenarios (like the
width of walking paths, the number of counters in the checkout area) and behavior of customers (i.e., the
shopping time tshop and the desired moving speed V0

i ). Besides, the validation of both movement and
behavioral models in this work will be proceed.
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Appendix A

Table A1. The complete list of all parameters choices in four scenarios with the explanation.

Parameters Explanation
Values

Scenario 1 Scenario 2 Scenario 3 Scenario 4

k
The parameter to calibrate the

strength of the impact from other
pedestrians (Equation (2))

8

D
The parameter to calibrate the
scale of the impact from other

pedestrians (Equation (2))
0.1 0.1 0.3 0.3

V0
i (m/s) The desired moving speed of

customers (Equations (3) and (6))
N∼(1.34, 0.262)

T (s)

The parameter to calibrate the
speed according to the gap
between two pedestrians

(Equations (3) and (6))

1

α
The parameter to calibrate the
checkout time according to the
shopping time (Equation (5))

0.1

β (m/s)

The parameter to calibrate the
distance between customers in
checkout area according to the
shopping time (Equation (7))

0.03

M (person) The total number of customers
generated in the simulation

100

P (person/min) The number of customers
generated every minute

10

tshop
i (s) The shopping time of customers N∼(300, 502)

drule (m) The social distance 0 0 1.5 1.5

Lmax (person)
The max allowable number of

customers in the supermarket at
the same time

50 30 30 30

Need shopping
cart

Decide the shape of customers in
simulations (customers without
shopping cart are represented by
circles with r = 0.2 m, customers

with shopping cart are represented
by ellipses with semi-axes
a = 0.4 m and b = 0.25 m.)

No No No Yes

∆t (s) The size of time-step in
simulations

0.05
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