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Abstract—Social distancing is necessary to prevent the rapid
spread of a highly contagious disease, such as COVID-19, at least
until a vaccine is found and mass-produced. By reducing the
probability of an uninfected person coming close or in physical
contact with an infected one, the disease transmission in the
community can be suppressed. Although social distancing is
simple to comprehend, it is not always easy to implement, mainly
because not all public spaces are designed with this requirement
in mind. In this paper, we present a queue management tool that
can be used to allow people that wait for a service practice social
distancing. In our approach, people are asked to join a virtual
queue, in order to avoid crowds in physical waiting rooms or
long waiting queues. Machine learning is used to predict the
estimated waiting time of queuers, so they are called just in time
to get served. We use past data and machine learning to predict
how busy a location will be so that customers can pick the best
time to visit the service. Finally, we present the method we use
to monitor people taking a service at any time and implement
contact tracing in a privacy-preserving manner.

Keywords—AlI, COVID-19, machine learning, pandemic, pat-
tern recognition, queue system, social distancing.

I. INTRODUCTION

COVID-19 has already had dire repercussions to the global
health and economy. In the first half of 2020, 213 countries
and territories around the world have reported more than 10
million cases, including more than half a million deaths [1].
The IMF has projected that the ongoing recession caused
by SARS-CoV-2, also known as the Great Lockdown, will
eventually be the most significant economic downturn since
the Great Depression [2]. About 47 million people in the USA
alone have filed for unemployment from April until June 2020,
increasing the national unemployment rate up to 14.7%, up
from 4.4% in March [3]. The pandemic has impacted most
industry sectors to varying degrees, and countries’ GDPs have
been shrinking. Therefore, in order to reduce the negative
impacts of the disease on global health and the economy, it is
of crucial importance to control the spread of the virus.

Social distancing is a valid non-pharmaceutical approach
to limit the spread of a virus with increased transmissibility
[4]. Social distancing refers to measures taken in order to
decrease the closeness and the frequency of physical contacts.
With such measures, the probability of an already infected
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person transmitting the disease to a healthy person decreases,
and the disease’s spread is also decreased [5]. When imple-
mented at the early stages of a pandemic, the infection rate
is decreased, and the disease’s peak is delayed, giving more
time to governments and healthcare systems to take necessary
precautionary measures. The challenge with highly contagious
diseases comes when the number of patients exceeds the public
healthcare capacity, leading to unnecessary deaths that could
have been prevented had the burden on the healthcare system
been lighter. When social distancing measures are taken early,
its effects will be higher, and the total number of cases at the
end of the pandemic will be fewer.

Many governments around the world have implemented var-
ious measures that promote social distancing. Those measures
include travel restrictions, banning large events and gatherings
of many people, asking citizens to stay at home as much as
possible, and keeping distances of 1.5-2 meters from each
other or wearing a mask when such a distance is not possible
[6]. Nevertheless, people still have to go outside for essential
work, for healthcare, and to get food, and it is not always
easy to implement such measures. Therefore, it is crucial to
develop technologies that facilitate social distancing and that
help prevent the uncontrolled and rapid spread of it.

In this paper, we are presenting a method to apply social
distancing in queueing scenarios. We are extending the queue-
ing system presented in a previous work of ours [7]. We are
adapting our system towards aiding the efforts to contain the
pandemic. Apart from using machine learning to predict the
waiting time of queuers, so that they are called to come when
it is their turn to get served, we are also predicting how busy
each service will be at any moment, based on past data, so that
customers plan when to join the queue. Last but not least, and
in the spirit of contact tracing, our system can anonymously
monitor the people that coexist in the same business for a
given amount of time. In case a positive case arises in the
future, we can then notify the appropriate people for potential
infections.

The rest of the paper is organized as follows. In Section II,
we are presenting related works on technologies that promote
social distancing. We are then proposing one such system for
queueing scenarios in Chapter III, that different businesses can
easily use. Finally, we conclude our work in Section IV.



II. RELATED WORK

Several technologies can be used to monitor the proper
implementation of social distancing measures. The physical
distance between two people can be monitored using the
Global Positioning System (GPS) when outdoors or indoor
positioning systems when indoors. Many technologies can be
used for indoor positioning, such as Bluetooth [8], Ultrasound
[9], and Ultra-wideband (UWB). Each technology has its
advantages and limitations, but in order to achieve a proper
distance detection of 1.5-2 meters, the acceptable positioning
error should be of a few centimeters. According to the lit-
erature, this can be achieved in a UWB setting [10]. UWB
antennas, however, are not already in most mobile devices.
Therefore, using such an indoor positioning system can not
be easily scaled since it requires additional hardware for the
configuration and end-users.

Another way to control social distancing is by monitoring
and gauging the number of people inside a place. UWB sen-
sors can be used to count people indoors, even in non-optimal
environments [11], without needing any additional hardware
on the counting objects. These environments may include
supermarkets, airports, and train stations, where local man-
agers may take further actions, like scheduling more people
to enter, based on the counting information. The concentration
of people can also be monitored in external places. Using
cellular information, mobile network operators can detect a
high concentration of mobile devices in public spaces [12].
However, the fact that governments have demanded access to
those data has raised privacy concerns and raised the prospect
of state surveillance in multiple countries, especially when
considering such measures may become permanent [13].

In April 2020, Apple and Google have integrated the expo-
sure notification system that offers contact tracing capabilities
into their mobile operating systems [14]. Historically, in the
case of an infected person, health officials would ask for
a list of everyone the person has been in contact with so
that these people are contacted and asked to look out for
potential symptoms or to self-isolate if possible. With the
developed system, when two people are in close range, they
exchange anonymous Bluetooth identifiers. If an individual
gets diagnosed with COVID-19, the mobile device sends to
the cloud a list of all the identifiers used by the device during
the last 14 days. Every other user periodically downloads the
identifiers of infected people from the cloud. If there is a match
of one of those keys with a recent encounter, a notification with
what to do next appears.

Social distancing can also be effectively promoted by
scheduling. Traditionally, workforce scheduling was about
minimizing the cost of labor [15]. However, given pan-
demic circumstances, decreasing the number of people at the
workplace to the minimum necessary, and maximizing social
distancing should be the top objectives. Besides workforce
scheduling, healthcare services can also optimize appointments
to decrease unnecessary traffic in the hospitals. There are
already algorithms that minimize patient waiting times and
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doctor idle times [16]. Optimizing buildings for navigation
may also reduce the unnecessary amount of time that patients
and visitors spend in hospitals [17]. However, an additional
objective to optimize against is to minimize the number of
patients coming simultaneously at the hospital to maintain a
level of social distancing. Home health care services can also
help reduce traffic in hospitals in our context.

The motivation behind writing this paper and presenting
the queueing system lies in its ease of use and in the social
distancing policy that can be easily applied with its use.
Customers join virtual queues, and they do not increase traffic
on the premises of the business. Customers can also schedule
when to join the queue based on past information on how
busy the service is. The number of people in the service is
monitored and gauged by the queue manager. Last but not
least, potential customer interactions are being traced, and any
confirmed case will notify the corresponding customers that
coexisted at the same service at the same time. All these can
be achieved with a web application that people use with their
mobile phones. There is no need for any additional hardware
on the premises of businesses.

III. SYSTEM OVERVIEW

In our previous publication, we presented QueueForMe [7],
a platform in which anyone can register as a creator, and
open virtual queues by defining queue specific parameters with
predefined responses. Each client that joins the queue responds
to all the necessary parameters. Based on the current state of
the queue, a queue-specific machine learning model predicts
the client’s waiting time. When the queue manager calls
queuers to get served, the clients either receive a notification
on the web application or an SMS if the clients opt to.
The clients are given a specified time to show up that is
edited by the queue manager. This time should be sufficiently
large to consider the walk/ride from the user’s location to the
service so that people are not required to gather in proximity
physically. The machine learning model predicting waiting
times is continuously adapting to changes in queue patterns
by using data from past clients.

When a client joins a queue, a unique and random identifier
is created and stored in the database, and by the web appli-
cation on the client’s device. When the queue manager calls
a client to be served, and the client shows up at the service,
e.g., when the client enters the supermarket, this timestamp is
also saved. At the time of exit from the service, e.g., when
the client exits the supermarket, the client has to report this
timestamp to the web application manually or by scanning
a QR code installed on the premises. With this information,
each business knows the number of people being served at any
time. Having this information, the queue manager can monitor
in real-time and gauge the number of people in the business
to limit access and promote social distancing.

Having this kind of information also enables the application
of contact tracing. The client application can access all the
identifiers that were used in a given device. When a client
tests positive for the virus, the client can voluntarily input this



TABLE I
SUMMARY OF THE FEATURES OF THE PRESENTED SYSTEM

Feature Description

Virtual Clients do not physically queue, but join

queues virtual queues and wait to be called.
Gauging Queue managers control the flow of the queue

clients and the number of clients in the offered service.
Popular | Clients get information regarding the capacity at which the business

times is likely to work at a given time so that they plan accordingly.
Contact If a former client is infected, all other clients that
tracing coexisted in the same location and at the same time get notified.

information into our system. All identifiers created during the
past days and that belong to that client will be marked as
infected. The backend will then mark all the rest identifiers
of other clients that coexisted in the same service for a given
amount of time as “potentially infected”. So, the next time
another client that owns a “potentially infected” identifier
uses the application, the client will be asked to look out for
potential symptoms. From a privacy perspective, each client
is anonymous to the application. The phone number used for
the SMS notification is immediately erased from the backend
as soon as the client leaves the service. Nothing is linking an
identifier to a client, and the list of identifiers created by the
same client is only stored on the device that the client has
used.

By monitoring in real-time the number of people in a
public space, and the number of people that have joined the
queue, we can also build a model to predict the busy times of
the service. Google has popularized this concept by showing
popular times, live visit information, wait times, and typical
visit duration in various businesses on Google Maps. However,
this service requires that clients have opted to use location
history in the mobile phone, which is not always the case. To
achieve this, we can train a demand forecasting model using
past queue and service trend data to predict the capacity at
which the business is likely to work at a given time in the
future. Customers can then plan to join the queue at optimal
times, leading to less waiting time and minimum unnecessary
human contact. However, this forecasting model’s performance
can be easily undermined by sudden government decrees that
may impact people’s habits. Table I summarizes the features
of the system we have presented.

IV. CONCLUSION

Social distancing is considered a crucial measure to limit
the spread of COVID-19, allowing more time to governments
and healthcare systems to take appropriate measures, and
pharmaceutical research to advance towards developing a
vaccine. In this paper, we have presented a system that allows
social distancing in queueing scenarios and contact tracing
for clients that use this system. Nonetheless, the system is not
perfect since it can be easily abused. While businesses can
create one queue per service, nothing prevents malicious users
from creating counterfeit virtual queues that might frustrate
users. On the one hand, there is no authentication for clients
that join queues, and therefore their identity remains private.
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On the other hand, however, there is no verification that
the inputted infected clients are indeed infected people and
not malicious users. It would require socially responsible
clients for our approach to work. To deal with malicious
users that abuse the social tracing feature of our system, we
would have only to allow professional healthcare institutions to
input clients’ infected status, like in the Exposure Notification
system developed by Apple and Google, and of course, that
would require a higher level of collaboration.
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