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Abstract— This paper presents the result of an investigation
how Unmanned Aviation Systems were applied in the first half of
2020 in response to the coronavirus COVID-19 challenges. The
application cases collected and referenced in this paper are
pandemic specific only even though many of them may be
considered as typical. An important discovery was that the
majority of limitations preventing the high spread of UAS
applications are not technological. Nevertheless, innovative
technologies, application cases and services that have originated
during the pandemic period are expected to evolve and adapt to
other situations and shape the future markets.

[. INTRODUCTION

The presented work expands the earlier-published [1] and
[2] overview of technical and operational challenges
associated with Unmanned Aerial Systems (UAS) operations
in the Arctic with a special focus dedicated to applications of
UAS in response to the coronavirus COVID-19 challenges.

It has been observed [3] that coronavirus pandemic
accelerates digital transformation. Due to such of their
properties as remote and autonomous operations, unmanned
systems were essentially utilised in the state of the pandemic
[4] where among the most important actions were isolation,
contact monitoring, public distancing, and contact and
community quarantines [5], [6].

A high role of robotics including autonomous UAS or
ground vehicles in managing public health has been observed
during the COVID-19 outbreak [7]. To facilitate the
applications of unmanned systems, a great variety of Internet
of Things (IoT) and Artificial Intelligence (Al) technologies
and the supporting network infrastructures, including 5G
communications were considered [6], [8], [9].

Achieving the urgent integration of UAS applications into
the existing business and public processes have not been easy.
For example, in China even though many applications of
unmanned aerial and ground systems have had a place, those
were situational applications that have not been systematically
integrated [10]. In India, the Integrated Command and Control
Centre was proposed to drive four initiatives within the smart
city content [11]. Those initiatives are: Testing and quarantine;
Containment; Health advisory; and Essential services for
citizens. Even though UAS were not used in all those
initiatives, several application scenarios could have been
developed for any of those.

At the very beginning of the COVID-19 pandemic, it has
already been observed that UAS technology is ready to be

turned into a mass service [12]. That observation has been
supported by dozens of pilot cases and commercial
implementations only in the US, and much more all around the
world. Many of those were launched even before the COVID-
19 outbreak.

The rest of this paper has the following structure.
Overview of the methodology is given in Section II. A
collection of cases categorised into application areas is
presented in Section III. Discovered so far limitations and
benefits of applications of UAS during the pandemic period
are presented in section IV. Concluding remarks are given in
Section V.

II. METHODOLOGY

The objective of the work is to understand how UAS have
been used in response to coronavirus COVID-19 challenges.
The work has been performed as such a form of qualitative
research as a literature review within constructivist grounded
theory methodology [13].

Over a thousand of online media articles were collected
during the period from February 2020 to mid-June 2020 using
news engine crawlers and RSS tools. Those articles have been
analysed to reduce redundancy and exclude generic ones that
do not contain concrete evidence of application of UAS in
general and Unmanned Aircraft (UA), often referred as
drones, in particular, or are not directly relevant to coronavirus
challenges.

During the mentioned period only nine peer-reviewed and
several non-peer-reviewed editorials and journal-level
publications relevant to the objective of this work were found
using available search engines, including Scopus, IEEE
Xplore, Google Scholar, Elsevier and ResearchGate tools.

The collected from information sources cases were
categorised into twenty-one categories standing for application
areas. Quite a few information sources described cases that are
belonging to several categories.

III. UAS APPLICATION AREAS

A.  Authority/Law Enforcement

UAS missions for authority and law enforcement is one of
the traditional application areas that includes variety of
scenarios relevant to first responders, recovery from disasters,
special force operations, public interactions, and many others.
The missions may be performed simultaneously or
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independently by competent authorities or volunteers along
with many other applications, including search and rescue,
crowd tracking and surveillance, monitoring and observation,
and supplemented with delivery of personal protection and
medical supply, and remote measurement. [14], [15], [16],
(171, [18], [19], [20], [21], [22], [23], [24], [25], [26], [27],
(28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38],
[39], [40], [41], [42], [43], [44].

In some countries, exemptions from existing regulations
were announced to make easier applications of UAS against
the coronavirus challenges [45], [46].

Nevertheless, there were cases that authority and law
enforcement actions received negative perception and were
restricted [47], [48], [49], [50], [51], while some authorities
refused to restrict the applications of UAS [52].

B.  Broadcasting Information Messages

Broadcasting  information = messages and  public
announcements to the crowds of people and conducting
dedicated communication with individuals using UAS
appeared to be one of the very important UAS missions during
the pandemic period given the communication limitations
especially in areas where other communication means are not
available and due to the demand for minimising of human
interactions.

The missions may be performed simultaneously with
authority/law enforcement actions, crowd tracking and
surveillance, monitoring and observation, and supplemented
with the delivery of personal protection and medical supply,
and remote measurement. Broadcasting the messages may be
performed by competent authorities or even by volunteers or
individuals and oriented to a group of people or individuals
who breaks the quarantine rules. The messages may be
transferred using the built-in UA speakers, beepers or sirens
[14], [171,[19], [20], [21], [29], [31], [33], [36], [37], [40],
[41], [44], [50], [53], [54], [55], [56].

C. Cleaning

Applications of UAS for cleaning have been considered
earlier but obtained a special meaning during the COVID-19
pandemic. Drones designed for agriculture or -cleaning
purposes were used to spray cleaning detergents to open-air
public places [57], [58], [59], [60] and sports halls [61].

D. Communications

Because of great mobility properties and ability to reach
higher altitudes and difficult to reach by other means areas,
UAS have been considered to be a good tool for establishing
back-up or emergency communications e.g. using cellular
networks or other means of wireless communications,
deployment optimisation and slicing [62]. One of such
scenarios has been described earlier with relevance to the
emergency [157].

An interesting case was found about using drones to
retransmit medical data from the nursing station to remote
servers in a rural area where communications were not stable
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[63]. UAS-enabled Long Range (LoRa) network was proposed
to facilitate the possible shortage of communications [64].

E.  Crowd Tracking and Surveillance

Crowd tracking and surveillance is one of the important
applications of UAS that contributes to the social distancing or
help to collect critical operating data. The missions may be
performed simultaneously with authority/law enforcement
actions by competent authorities or volunteers, broadcasting
information messages, delivery of personal protection and
medical supply, and remote measurement. On-site monitoring
and observation of certain areas may help to discover a need
for crowd tracking and surveillance, while visual evidence and
situation awareness may help with collecting historical data
and post-observations. [16], [17], [18], [19], [21], [23], [27],
[30], [31], [32], [33], [34], [35], [45], [37], [48], [39], [41],
[42], [43], [47], [46], [55], [51], [65], [66], [67], [52].

Additionally, UAS may help to create 3D maps to visualise
the results of surveillance [68] or perform person recognition
at the same time [69].

F. Delivery: Commerce

Delivery has been considered as one of the primary
applications of UAS. This particular application area does not
include delivery of medical supply, medical tests, personal
protection means, pharmacy items and printed materials that
are described in the following subsections. Delivery of all the
other objects, including retail items, parcels, grocery, cooked
food and other supply is included into this application area.
[42], [47], [55], [50], [57], [67], [70], [71], [72], [73], [74],
(751, [76], [77], [78], [79], [80], [81], [82], [83], [84], [85],
[86], [87], [88].

Among the unusual UAS-based delivery cases during the
COVID-19 pandemic, are delivery between the port and the
ship [89], delivery by a small local bakery [90], delivery of
new car keys [91], free beer delivery from a local pub [92].

Even in a pre-pandemic time the Drone Delivery: Benefits
and Challenges report has indicated that more 36 online
shoppers would be more likely to purchase and item if it
would be delivered by UA [93].

G. Delivery: Medical Supply

Medical supply delivery by UAS is a special application
area due to a specific nature of the delivery objects. Medical
equipment, tools and medicines undergo certification and
usually are subjects of more strict and specific regulations than
general-purpose items available from retailers including
pharmacies that typically sell medical and general-purpose
items. Certain medicines require extra protection (e.g. drugs),
or storage conditions (e.g. vaccines). Certain medical
equipment is intended for professional use only and therefore
is not available for sale (e.g. defibrillators).

All those considerations bring extra requirements and
therefore challenges to the delivery process. A distinct
property of this application area that the object of delivery by
UAS is the one that requires involvement of health care
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professional at any stage of the provisioning process.
Therefore, prescribed medicines and professional medical
tools and equipment is belonging to this application area.
Delivery of the such life-supporting means may be performed
e.g. in case of emergency, to residential or remote areas or to
motorways where traffic is blocked. [19], [32], [46], [50],
[67], [75], [76], [77], [79], [80], [81], [84], [88], [94], [95],
[96], [97], [98], [99], [100], [101], [102], [103], [104], [105],
[106],[107],[108],[109], [110], [L111].

A very short report about the experimental observations
about the delivery of Automated External Defibrillator and
personal protective masks in the era of COVID-19 is available
[112]. The results state: “We further suggest the introduction
of drones wherever may be indicated. Aside from providing
AED and CPR advice to bystanders, drones can deliver PPE
and communicate safety instructions.” [112].

A very interesting set of experiments with delivering
critical medical and other supplies to quarantined rural areas
under the pandemic conditions was conducted in the USA.
The results are presented in Operation Last-Mile: Critical
Drone Delivery Testing report by DroneUp [82]. The
experiments focused on the so-called last-mile delivery and
evaluated all the relevant technological and organisational
considerations. The results proved that “commercial drones
can be used to deliver critical supplies over distances of less
than a mile by Part 107 pilots not specifically trained in these
types of operations prior to being called into service” [82].

H. Delivery: Medical Tests

In addition to traditional applications of UAS such as
delivering of medical tests between hospitals, laboratories or
the hospital buildings, new scenarios appeared conditioned by
requirements for isolation and quarantines. [32], [57], [70],
[82], [99], [113], [114], [115], [l16], [117], [118], [119],
[120], [121], [122],

An online survey performed in West Java and Jakarta takes
a very first step towards the systematic approach with
relevance to the delivery of medicines and blood samples
during the COVID-19 [123]. This kind of approach considers
the integration of UAS into the hospital systems. Still, a lot
must be done to achieve such integration.

1. Delivery: Personal Protection Means

Similar to just-in-time delivery that has been listed among
other services that UAS may provide [157], a range of
pandemic-specific scenarios appeared. [19], [37], [70], [97],
[114], [124],[125], [112].

Among the very interesting cases are delivery of protective
masks by hydrogen-powered UA [126], and by high-speed
fixed-wing UA that drops the delivery packages “on the fly”
and those lend using parachutes [127].

J.  Delivery: Pharmacy Items

Medicine that may be purchased from pharmacies without
a prescription, medical tools and equipment that may be used
by non-professional users and that typically may be found in
pharmacies. Legislation defining requirements for medical
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certification, prescription and usage policies of such objects
may vary from country to country. Delivery by UAS of those
objects that are certified for medical purpose, but do not
require the involvement of medical professional at any stage of
the supply chain, is belonging to this application area. Once
the medical professional is involved at any stage of
provisioning, that is the subject of delivery of medical supply.
All the other delivery objects for a general non-medical
purpose that do not require medical certification, are belonging
to commerce delivery application area. [70], [77], [82] , [128].

K. Delivery: Printed Materials

Only two cases of delivery of printed materials with the
help of UAS were discovered during the COVID-19
pandemic. Since both of those cases are very specific and
therefore may not be categorised as belonging to other
application areas, they form a new application area. Those two
cases are handing over certificates at drive-in graduation
ceremony [129] and delivery of public library books [130].

L. Disinfection

Application of UAS for disinfection became to be one of
the most discussed. Disinfection is different from cleaning as
the process intends to neutralise the virus elements. Even
though it has not been confirmed that disinfection strongly
reduces the spread of coronavirus and there were refusal cases,
e.g. [131], UAS systems are efficiently used around the world
to spread disinfect to those areas that are difficult to reach by
other means. [14], [42], [55], [57], [60], [61], [132], [133],
[134], [135], [136], [137], [138], [139],

Among the interesting cases are indoor disinfections such
as one of Broadway theatre [140], hospitals [141], such large
facilities as sports halls [142]. UAS for disinfection may
include a thermal sensor and allow remote reading [143].

Meanwhile, it was found that spreading the disinfecting
liquid is not the only way to neutralise the virus. The effect
may be achieved by using C-band Ultra-Violet (UVC) lights
[144], [145], [146], [147], [148].

While working on a mathematical model of coronavirus
COVID-19 surface spread, the authors evaluated the model
with UAS [149]. Even though the perfect treatment had not
been developed at the time of evaluation, the disinfection
using UA had been considered to be effective and UA had
been recognised as more advantageous due to the accessibility
allowing them to process difficult to reach manually areas.

Multi-functional UAS having the appropriate equipment
and being able to perform simultaneously several tasks
including crowd tracking and surveillance, broadcasting
information messages, medical supply delivery, remote
measurements and disinfection, were considered [6].

M. Entertainment

Applications of UAS for entertainment during the
pandemic might sound strange. Nevertheless, requirements for
isolation and quarantines brought a wave of innovative
entertaining actions utilising a great variety of entertaining
means. By not been and exclusion, UAS continues to be one of
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the remote entertaining means. UAS show using swarms of
drones in one of the traditional applications of UAS that
received a new boost during the pandemic [150], [151].

A voluntary initiative gathered a great number of UAS-best
recorded footages from all around the world for entertaining
purposes[152].

The New London Drone Orchestra that uses UAS as
performance elements, released is the first album, called
“Isolation/Collaboration” [153].

N.  Monitoring and Observation

Monitoring and observation have always been considered
to be among the primary applications of UAS. By being often
combined with UAS missions for authority/law enforcement,
search and rescue, crowd tracking and surveillance, visual
evidence, situation awareness and remote measurements this
application area continued to be among the most important.
[17], [25], [27], [31], [33], [34], [35], [37], [38], [39], [41],
[42], [43], [55], [95], [154], [155], [156].

O. Personal Companion and Assistant

Even though there was not observed a significant
breakthrough towards personal assistive and service UAS in a
form they had been described earlier [157], some interesting
cases that have not been observed before appeared during the
COVID-19 outbreak. For example, the results of the study
[158] state that UA is a good jogging companion.

UAS may help to walk a dog without braking quarantine
rules [159], [160]. This application case appeared to be so
promising that IBM patented drone as a pet sitter [161].

P. Remote Measurements

Remote measurements are considered to be typical
applications of UAS, such as photogrammetry or estimating
the crowd size. Specific to coronavirus COVID-19 pandemic
scenarios though, remote measurements started to contribute
to remote diagnostics. The remote measurements missions
may be performed simultaneously with authority/law
enforcement actions by competent authorities or volunteers,
crowd tracking and surveillance, monitoring and observation,
and supplemented with the delivery of personal protection and
medical supply. [27], [30], [37], [55], [143], [156], [162],
[163], [164], [165], [166], [167], [168].

Remote screening with help of infrared camera to detect a
higher temperature of an individual or several people at a time
and therefore assume the availability of coronavirus-provoke
injuries became to be a typical case of remote measurements
[37]. The more advanced technologies combine multispectral
imaging, computer vision and Al to detect heart rates and
abnormal respiration patterns such as sneezing and coughing.
[26], [28], [29], [169],

Another specific case is detection protective masks on
faces of people [18], a traditional face recognition [21] or even
more complicated person recognitions [69].

93

The IoT-based system applying UAS for coronavirus
detection was proposed [170]. The key elements of the
screening process are integrated thermal camera and real-time
monitoring.

Q. Replacing Human Labour: Agriculture

The agriculture sector exposed a very high demand for
replacing human labour with UAS during the pandemic. [171],
[172], [173].

R.  Replacing Human Labour: Construction

The construction sector traditionally widely uses UAS to
assist and replace human labour. The pandemic requirements
relevant to social distancing brought additional challenges to
this application area. [174], [175], [176], [177], [178].

S.  Replacing Human Labour: Inventory

Applications of UAS indoor for inventory started yet
before the COVID-19 outbreak. Here as well, the pandemic
requirements relevant to social distancing have brought a
higher demand for replacing the human labour with UAS.
[179], [180].

T. Search and Rescue

Search and rescue are among the traditional application
area for UAS. For example, the community used UAS for
ocean rescues and to monitor fires [95], More specific to
COVID-19 pandemic, an interesting case was discovered
where UAS helped to locate a missing child [181]. The entire
search and rescue operation was quite challenging due to
pandemic restrictions.

U. Visual Evidence, Situation Awareness

The visual evidence and situation awareness is the
application area supplementary to many other, such as
authority/law enforcement, crowd tracking and surveillance,
monitoring and observation, search and rescue, delivery and
replacing the human labour application areas.

The particularity of this application area is that while the
specific to this area action may be performed as a part of UAS
activity dedicated to other mission, it may also be performed
by UAS missions dedicated to this application area to collect
historical data, clarifying the situation, post-event observation,
etc. The missions may be accomplished by volunteers or in a
spontaneous way by the individuals that are not engaged with
any planned operational processes or those that are the result
of the planned responses. The obtained with UAS footage may
be used by competent authorities as well as become available
for general public [27], [152], [182], [183], [184], [185],
[186].

IV. UAS APPLICATIONS — LIMITATIONS AND BENEFITS

A. Limitations

Regulations are often mentioned as the biggest barrier for a
widespread of UAS-based applications and services.
Typically, regulations lag well behind the technology
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development [12] and it is unclear whether it would ever be
possible to recognise, consider and regulate those challenges
that are yet to identify.

Regulatory restrictions are often mentioned as a limiting
factor for UAS operations Beyond Visual Line of Sight
(BVLoS). Nevertheless, relevant technological limitations also
exist. The never-ending compromise between payload,
operational range (in its turn conditioned by engine and fuel
type limitations) and aerodynamic qualities are intensified by
weather conditions and rural area particularities that may
include absence or inappropriate performance of supporting
infrastructure.

While the absolute majority of UAS missions at these days
are performed in a way that UA is remotely controlled, lack of
qualified Unmanned Aircraft System operators (UAS
operators), commonly known as drone operators or pilots, was
mentioned several times.

Human perception and acceptance of UAS missions were
mentioned as one of the very strong limitations. Generally,
people understand that the application of UAS to facilitate
public health actions or to save someone’s life are vital.
Nevertheless, visual and audial pollutions associated with
UAS missions and notedly authority/law enforcement, crowd
tracking and surveillance and broadcasting information
messages missions were sometimes not positively accepted,
especially among the rule-breakers not paying attention to
social distancing or quarantine rules.

Limited deployment or absence of opportunity to have the
deployment at all for testing the viability of UAS applications
or services was experienced. In some countries authorities at
any level were and still are too busy to consider UAS
technologies as something able to significantly address the
coronavirus challenges. In some cases, the supporting
infrastructure was not mature enough or has not performed as
required to facilitate the deployment of the application or
service.

Often appeared absence of integration into the supply
chain, business, and operational processes, and inability to
achieve such integration is a very serious limitation.
Sometimes even the most excellent technology may be useless
if it is not considered to be a part of something big and not
able to interoperate with that big.

Out of listed earlier [1], [2] technological and operational
challenges, several were mentioned mostly relevant to the
reliability, safety, security, operational range and payload.

Most of the mentioned technological challenges were
relevant to the implementation of application case (e.g.
making a container to satisfy the transportation conditions,
achieving a better sensor performance or improving the data
interpretation) and the absence of supporting infrastructure or
challenges associated with interoperability or integration with
the supporting infrastructure. Integration challenges were often
considered to be rather organisational than technological.

An interesting approach towards the listed limitations was
taken by the Civil Aviation Authority in the United Kingdom.
They issued a document (CAP 1915 [46]) that supplements the
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existing regulations by providing guidance “as to how
operations in support of the COVID-19 response may be
conducted following those regulations, and the associated
policy”. The document describes the range of technical and
operational requirements and describes the specific
characteristics for simple BVLoS operations.

B.  Benefits

Minimising human interactions is an important benefit that
autonomous and remotely controlled systems such as UAS
may bring and that has emphasised many times.

Speed of operations in certain tasks is another often-
mentioned benefit. For example, delivery using over-the-air
shortcut paths or spraying a disinfect over a certain area is
often faster than those operations performed by traditional
ground vehicles.

The mentioned low human involvement is the conditional
benefit, probably more typical to fully autonomous UAS
applications. But it has been mentioned several times.

The often mentioned replacing human labour could have
been considered as both, the benefit and the drawback of the
UAS applications. From the point of view of the employers
whose work has been replaced by UAS, such process is not
desired. Still, there are many hard and dangerous work tasks
that UAS could have been able to perform more efficiently
and therefore could help to release human resources for those
tasks that humans usually perform better.

Safe operating at distance to a subject is one of the often-
mentioned benefits. This benefit assumes the safety of the
subject. For example, a delivery UA brings a package to an
elderly person. Conditioned by a set of preventive actions
preventing from the spread of the virus, such as automated
load, preliminary disinfection of UA and delivery container
and a non-stop flight, the risk of getting the coronavirus by the
elderly person is significantly lower comparing to the
traditional delivery process.

Remote operation safety is one of the other often-
mentioned benefits. This time, the benefit assumes safety for
the UAS operator. The remote operation allows the UAS
operator to stay safe even under conditions of e.g. delivery to
insured people spreading the coronavirus or gathering of
visual evidence at dangerous places.

UAS efficiency for certain tasks is very often mentioned as
well. Those tasks from replacing the human labour and
delivery application areas, and also relevant to observation,
monitoring, conducting situation awareness or gathering visual
evidence at e.g. difficult-to-reach areas.

The often-mentioned lower cost for certain tasks is mostly
relevant to the earlier justified economic efficiency of using
UAS for certain delivery tasks and efficiency of electric- or
other renewable fuel-driven UAS versus those that use internal
combustion engines.

Ease of use is the benefit somehow contradicting with such
limitation is lack of qualified UAS operators. Nevertheless,
some of the UAS applications do not require specific or
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certified category proficiency of UAS operator. The open
category proficiency is generally known as hobbyist level are
sufficient, e.g. for broadcasting information messages to a
relative breaking the quarantine rules or gathering visual
evidence for historical purposes. On the other hand, many
UAS applications and services bring convenience to those to
whom they are oriented, and that might be a reason for
specifying such benefit.

V. CONCLUSION

Observing the traditional and the recently-appeared
innovative application of UAS in response to the coronavirus
COVID-19 pandemic challenges brings an understanding of
additional requirements and challenges to be taken into
consideration for designing the future UAS technology,
operational principles, business and service provisioning
processes, and legislation.

Since the majority of the discovered challenges are not
technological, the most essential steps for the UAS community
all around the world would be to discover how those
limitations may be addressed and plan joint actions together
with all the involved stakeholders. Joint community effort and
increasing of awareness about available solutions among the
decision-makers are expected to create a positive impact and
therefore facilitate the rise and spread of UAS applications and
services. High demand for UAS applications conditioned by
pandemic requirements brings great opportunity.

The pandemic period is far not over, so it is possible to
expect the higher maturity and better implementations of the
observed cases, higher spread of successful ones, and
appearance of new innovative applications of UAS. Any
prediction is impossible, while it is possible to state that the
challenges all humanity undergo now shape its future faster
than one could expect. Demand-driven UAS technologies,
application cases and services that received a boost or
originated during this period have all the chances to shape the
future markets.
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