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Abstract

Unmanned Aerial Vehicles (UAVs) or Unmanned Aircraft Systems (UASs) commonly called drones are relatively new
entrants to the airspace. The regulatory agencies, numerous States and entities are involved in creation of the safe integration
with manned aviation. The so-called U-space concept announced by the European Commission is one of the approaches to
achieve that goal. There is also known concept of Unmanned Traffic Management (UTM) — a tool which would enable the
services needed for safe conduct of UAV flights in generally accessible airspace. There are quite a few European projects
which focuses on testing UTM capabilities in order to find a solution which could enable the market and ensure safe UAV
operations. One of those systems is PansaUTM — which was developed in order to coordinate drone flights in different types
of airspace in Poland. The first part of the paper will present an example of the implementation of this system as a foundation
for new possible applications of drones and increasing number of operations. The conclusion of the first part of the article is
that, in line rapid growth of UAS flights and different applications of drone services, the European drone ecosystem should
evolve even further to deploy very complex drone operations in scalable manner. In order to accommodate unmanned air taxi
operations, cargo flights, medical cargo flights, automatic surveillance flights, etc. Europe is preparing towards deployment
of Advanced Air Mobility (AAM).

The second part of the text indicate the possibility of extensive use of drones in medical logistics as well as minimizing
the epidemiological risk as a result of the use of this mean of transport. At the same time, it should be stressed out that the
medical transport using drones can be used in urgent situations, where the main variable that has an impact on the success
of life and health saving is the breaking of barriers to reaching difficult-to-reach places. In addition, the development of
transport using drones can have a lasting impact on improving the quality of life of chronically ill patients who experience
severe disease recurrence and thus on the need to implement emergency prevention or treatment measures.

The second part of the article focuses as well on the U-space concept as an opportunity for UAVs to be widely used in the
field of day-to-day supplies as well as health-related supplies. In the context of the spread of SARS-CoV-2 virus, drones
may be used to provide diagnostic screening tests, medicinal products and septic materials, transport of samples of biologi-
cal material, as well as an information campaign on how to deal with an epidemic, quarantine or isolation at home. The
use of UAV for medical supplies is economically and legally justified. The U-space environment from the operational and
regulatory side is a multidisciplinary approach that requires the interaction of aviation, law, medicine, robotics, mechatron-
ics and engineering experts. The legal framework for the development of U-space should be taken into account, as well as
sector-specific regulations taking into account the principles of the use of drones in strictly defined areas, including in the
process of medical supply, and liability for damage caused by UAV medical supply or Al-controlled intelligent machines.

Keywords UAV - UAS - Drones - U-space - UTM - Regulations - Medical transport - COVID-19

1 Introduction

The boom of the drone market is visible around the world.
The drones flights are no longer incidental because drones
started to be accessible to almost anyone, even the private
users due to the drone manufacturers which provide easy to
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use consumer and semi-professional drones. From the one
side the new developing aviation market is a chance for the
economy and new applications supporting many aspects of
life, however drones could simultaneously be a threat for the
legacy aviation. Due to this very reason, all aviation stake-
holders became vigilant on this matter and started to cre-
ate concepts which might arrange the drone traffic without
compromising existing level of safety. One of the concepts
is LAANC (Low Altitude Authorization and Notification
Capability)[1] which is endorsed by the Federal Aviation
Administration (FAA). The different American concept
worth mentioning is the National Aeronautics and Space
Administration (NASA) UTM concept.[2] In Europe the
need for solutions related to drones and their integration
with manned aviation was quickly identified. The concept
was named U-space and announced by the European Com-
mission (EC) at the European Union Aviation Safety Agency
(EASA) High Level Conference on Drones in 2016 in War-
saw, Poland.[3] Back then the market was at its preliminary
stage and due to ambitious task and urgent call from the EC
to develop solutions and U-space services, many entities
started to do so. National Aviation Authorities (NAAs) and
Air Navigation Services Providers (ANSPs) began to look
for the realizing the U-space concept. The SESAR U-space
Blueprint[4] assumed that U-space implementation will be
conducted in phases — starting with U1 foundation services,
U2 initial services, U3 advanced services, U4 full services.

Blueprint document did not provide the exact dates of
rolling out of certain level of services. The general time-
frame can be find in Drone Roadmap document.[5] The Ul
services were scheduled to be deployed in 2019, U2 level in
2022, U3 level in 2027 and the U4 level in 2035.

The authors’ contribution to the writing of this work are
as follows: The works related to the collection of material
and its preparation in part one were carried out by the first
author of this manuscript. The second part, both for the col-
lection and analysis of the material, is the participation of
the second author.

2 Materials and Method

The material used in the article is the applicable law and data
relating to the use of UAV. The study uses the method of
analyzing the collected material and the method of statisti-
cal data analysis. The article also analyzes the implementa-
tion of PansaUTM system as an fundament for new pos-
sible applications of drones. The authors’ analysis based on
review of the current literature included the scope of using
drones for medical transport, minimizing health risks and
improving the quality of health services.

The article presented consists of two parts. The first part
of the paper will present an example of the implementation
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of this system as a foundation for new possible applications
of drones. It also stresses out the importance of the regula-
tions that support the development of the new branch of the
economy and aviation without putting too many constraints
on it, while still keeping the safety aspect as a priority.

The first part is a systematic review of the principles of
UAV in airspace as well as of the development of PansaUTM
system. Part one also contains the elements of meta-analysis
of UAV usage and development data.

The second part of the article is devoted to the analysis
of the possibilities offered by the use of UAV in the wider
protection of health, as well as to the prevention and fight
against COVID-19. It also presents a systematic review of
the use of UAV at the medical transport level, the reduction
of greenhouse gas emissions through the use of UAV as an
alternative to road transport, as well as liability for damage
caused in connection with the transport of infectious materi-
als using UAV.

3 Legal Fundaments of UAS Operations

Despite the well distributed milestones, some pioneer
States manage to develop and deploy some of the elements
of the described level of services before the deadlines. It
was triggered by the number of drone flights which was
no longer possible to manage in the traditional way. The
development of digital tools and services was also more
probable and justified when the regulatory framework was
there. The drone operations in recent years were not unified
on the European level — it was a duty of the each National
Member State to develop their own regulations and proce-
dures or wait until the European Regulations are adopted.
[6] In example the first Polish regulations were published
in 2013. The European regulations were scheduled to come
into force on 1 July 2020.[7] However the coronavirus pan-
demic resulted in postponing the implementing and del-
egated regulations, which eventually went into force on 31
December 2020.[8] This paper will present the example
of Poland as a one of the States which started to develop
their regulations early and how this regulation was used
in order to implement the Unmanned Traffic Management
(UTM) system in Poland called PansaUTM by Polish Air
Navigation Services Agency — Air Navigation Services
Provider in Poland before the implementation of the Euro-
pean Regulations.

3.1 Aviation Law Act

Polish aviation law has a long history and reaches the
beginning of aviation itself. The first Decree of President of
Poland publishing the first Aviation Law Act set the start-
ing point for this branch of law. This act was replaced by
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Aviation Act of 1962 and after that by the Aviation Law of
2002 which after few changes is still in force.[9] The art.
126 paragraph 2 of this Act states that an unmanned aerial
vehicle must be equipped with the same flight, navigation
and communication facilities as a manned aircraft perform-
ing a flight in line with visual flight rules (VFR) or instru-
ment flight rules (IFR) within a defined class of airspace.
The derogations applicable to manned aircraft in this respect
apply uniformly to UAVs. According to para. 3, flights of
unmanned aerial vehicles equipped in accordance with para.
2 may be carried out on the basis of a filed flight plan, in a
manner and in accordance with the conditions referred to in
para. 5, subject to art. 149. In art. 126, a fundamental obliga-
tion is established that unmanned aerial vehicle flights are
permitted in the Polish airspace without individual approval
and the requirements for conducting these logs are deter-
mined (paragraphs 2—4).

Determination of the way of proceeding of UAS pilots
with air navigation services providers should be a subject
of regulation issued in accordance with paragraph 5 of the
above mentioned article.

Unfortunately, to this date the regulation has not yet been
published..[10] One of the possible reasons for such situa-
tion was the unpreceded increase of the smaller UAS flights
which were by the definition not able to meet this rigorous
equipment requirements.

3.2 Regulation of the Visual Line of Sight (VLOS)
and beyond Visual Line of Sight (BVLOS) Flight
Requirements

In order to fulfill this gap and demand from the market,
an article 33 paragraph 2. of Aviation Law Act helped to
exclude the application of some provisions of the Aviation
Law Act to certain types of aircraft, including specific type
of UAS. The Regulation of the Minister of Transport, Con-
struction and Maritime Economy of 26 March 2013 on the
exclusion of certain provisions of the Aviation Law Act as
non-applicable to certain types of aircraft and defining con-
ditions and requirements for the use of these aircraft (here-
inafter: Regulation on the exclusion) were focused to set a
conditions for drone flights in Poland and was one of the
first in Europe of regulations of that kind. The regulation
applied since 2013 to the end of 2020 with few adjustments
in 2016 and 2019.

Appendixes 6 and 6a regulated among others the flight
rules concerning the VLOS and First Person View (FPV)
operations of unmanned aircraft and model aircraft.

Appendix 6 set requirements for Unmanned Aerial
Vehicles with take-off mass not more than 150 kg used in
visual line of sight and for Unmanned Aerial Vehicles with
take-off mass not more than 2 kg used in FPV operations

in recreational or sport purposes. For purposes of this
Appendix the UAVs used for recreational purposes are
referred to as “model aircraft”.

The Appendix 6a set requirements for Unmanned Aerial
Vehicles with take of mass not more than 150 kg used in
visual line of sight and for Unmanned Aerial Vehicles with
take of mass not more than 2 kg used in FPV operations in
non — recreational or sport purposes. The flight rules differ
than those for recreational purposes.

Appendix 6b included requirements for UAVs with
take-off mass not more than 25 kg used in beyond visual
line of sight excluding the UAVs with take of mass not
more than 2 kg used in FPV operations.

The last novelization of the regulation helped to adapt
to changing demand for short BVLOS flights. It simplified
the acceptance of the BVLOS missions and allowed them
in unsegregated airspace on certain conditions.

3.3 Operator’s responsibility

The Regulation on exclusion lays out detailed require-
ments concerning the UAV operator’s responsibility.
The operator of the UAV must:

1) exercise due caution, avoid any act or omission that
could:

a) create a safety risk, including the threat to air traffic
safety,

b) obstruct air traffic,

c¢) disrupt peace or public order, and

d) expose anyone to damage.

2) control the UAV so that it avoids collision with other
aircraft;

3) ensure that the UAV he operates gives priority to
manned aircraft;

4) be responsible for the decision to perform the flight and
its correctness, and the appointment and participation
of the observer in the performance of flights does not
release him from the responsibility for the safety of per-
formed operations[11];

5) use the flying model and control devices in accordance
with the manufacturer’s recommendations and restric-
tions, if published;

6) check the technical condition of the model aircraft
before the flight;

7) perform flights only with a model aircraft that is techni-
cally efficient.
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Registered drone pilotsat Polish CAA (until 31.12.2020 - based on Polish National
Regulation, after 31.12.2020 - based on EU legislation (reg. 2019/947)

2072

Graph 1 Number of certified/ registered UAVO pilots in Poland. Source: CAA of Poland

3.4 Role of Air Navigation Service Provider
in Poland - Polish Air Navigation Services
Agency (PANSA)

The main requirement in every appendix to the regula-
tion on exclusion was the role of the manager of the
control zones which decides on the conditions on basis
which the drone operations are conducted. The solely
air navigation service provider in Poland according to
article 127 of Aviation Law Act is the Polish Air Naviga-
tion Services Agency. The obligation to coordinate the
flight with PANSA before the flight was strictly men-
tioned in the specific appendixes to the regulation. The
obligation to pre-tactically coordinate the flight did not
covers the cases:

e Flying more than 6 km from the fence of the airport in
Control Zone (CTR) zone using UAS weighing less than
25 kg up to 100 m above ground

e Flying more than 1 km from the fence of the airport in
Control Zone (CTR) zone using UAS weighing less than
600 g up to 30 m above ground.

Generally — other cases were subject to the pre-tactical
coordination.
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All the flights despite the weight of UAS or the height of
the flights were subject to inform PANSA within the digital
system (since 2.03.2020 it was realized by the PansaUTM).

3.5 Licensing of the UAV Operators

In Poland until 30 December 2020 there was an obligation to
hold a certificate of competence in accordance with Article
95 paragraph 2 point 5a of the Aviation Law Act of 3 July
2002 imposed on persons being operators of unmanned air-
craft used for non-recreational or sport purposes.

The possibility to have the UAVO certificate issued by
the Civil Aviation Authority of Poland (CAA of Poland) on
basis of the training and dedicated exam resulted in increas-
ing number of operators who were allowed to fly drones
commercially. The overall number of Unmanned Aerial
Vehicles Operators certificate holders are greater than glider
pilot and private pilot licenses combined. The registration
of the drone pilots since 31 December 2020 are regulated
by the Regulation 2019/947 (Graphs 1, 2, 3, 4, 5, 6 and 7).

The statistics showed that theoretical number of operators
who would use the airspace (including controlled airspace)
were increasing throughout the years. The trend was con-
firmed in the statistics of the Polish Air Navigation Services
Agency. In 2018 alone the number of pre-coordinated drone
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Graph 3 Number of VLOS mission planned via operational PansaUTM in 2020. Source: PANSA

flights in controlled zones (near the international airports in
Poland) exceeded 10,000.

The equivalent of the operations conducted in CTRs after
deployment of the UTM system in Poland is number of the
missions pre-tactically coordinated via the system in order
to have pre-authorised acceptance of the flight.

The VLOS and BVLOS pre-tactical coordination in
the UTM also started increasing as the system was intro-
duced on more and more TWRs through all 2020 reaching
almost 11,000.

This number in 2021 only from January to September
reached almost 15,000 operations.

In the same time the overall number of UAV operations
across Poland (those which require pre-tactical coordination

and those which do not require such coordination) were
increasing significantly.

According to the statistics The number of all operations in
2020 reached almost 300,000 UAV flights submitted to the
PansaUTM. PANSA recorded in 2020 more than 260,000
manned aircraft operations in uncontrolled airspace in 2020.
It shows clearly that the unmanned aviation remarkable
potential and an “immunity” of unmanned aviation to the
crisis situation which had been created in aviation sector by
pandemic of COVID-19.

The reported number of UAV operations via PansaUTM
system in 2020 exceeded 300,000 submissions. In 2021 from
January to September number of flights already surpassed
400,000. The number reach almost 600,000 operations in
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Graph 4 Number of UAV operations (check-ins) submitted to the PansaUTM via DroneRadar app in 2020. Source: PANSA/ DroneRadar
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Graph 5 Number of UAV operations (check-ins) submitted to the PansaUTM via DroneRadar app in 2021. Source: PANSA/ DroneRadar

2021, which doubled the number registered in 2020. In
2020 this number is expected to exceed 1 mln submitted
operations.

One of the concerns when the number of operations raise
in the manner it did in Poland is how it impacts the safety
of aviation. According to the statistics of incidents in Polish
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Airpsace regarding drones, introduction of the UTM system
in Poland not only supported the unprecedented growth of
drone flights and simultaneously influenced the decrease of
numbers of incidents. In 2019 — year before introduction of
the UTM system, the number of reported incidents reached
30. After operational deployment of the PansaUTM system
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Graph 6 Number of reported
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Graph 7 Number of reported
UAV incidents in Poland .
Source: PANSA/ CAA *

2014 2015 2016

the of incidents dropped to respectively to 13 in 2020 and
12 in 2021 (from January to September). The ratio between
the number of incidents and the number of operations has
decreased.

3.6 Transition Period in Polish National Regulations

Due to the entering into the force of the Commission Imple-
menting Regulation (EU) 2019/947 of 24 May 2019 on the

Registered drone flights in Poland (until 2020 pre-UTM, after 2020 - via
PansaUTM

Reported UAS related safety incidents in Poland

2017 2018 2019 2020 2021 2022

rules and procedures for the operation of unmanned air-
craft, Commission Delegated Regulation (EU) 2019/945
of 12 March 2019 on unmanned aircraft systems and on
third-country operators of unmanned aircraft systems, the
National regulations mentioned above (regulation on exclu-
sion) stopped to be applicable. Taking into account that the
scope of the European regulation differ slightly from those
used in the Polish regulations, not covering in details the
principles of UAS flight conducts, Civil Aviation Authority

@ Springer
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of Poland issued the Guidelines of the President of the CAA
which supplements the European regulations. Due to intro-
duction of so-called “geographical zones” - the Aviation
Law act and other regulations are currently in the noveliza-
tion process in order to introduce new principles which will
together with the European regulations create new regula-
tory framework in Poland. At the moment majority of the
principles from the regulation on exclusion were trans-
ferred on the level of the geographical zones which since 31
December 2020 are published by the Member States on basis
of art. 15 of the Regulation 2019/947. What is important, all
geographical zones will be subject to publication by Member
States in the unique digital format. The format proposed
by the draft Acceptable Means of Compliance (AMC) and
Guidance Material (GM) to the Regulation 2019/947 were
subject to public consultations until 30 September 2020. In
the draft it refers to the Eurocae ED-269 Chapter 8 which
describes the unique format of data to be published since
1 January 2021. Until the formal publication of the AMC/
GMs after consultation process, the unique format is not yet
officially decided. However this process is crucial for inter-
operability of the geographical zones data between Member
States and between different UTMs and U-space Service
Providers (USSPs).

4 PansaUTM

The necessity of creating the digitized solution to coordinate
drone flights in Poland became visible when the number of
flights started to surpass the capabilities of existing manual
procedures.

In 2017 there were conducted test of primary system
which showed that there is need for tools helping the opera-
tors to conduct operations in line with the existing regula-
tions and principles.[12] DroneRadar was one of the first
mobile applications which were aimed to provide users with
such information.[13]

The tool was used on non-mandatory basis and provided
the information on airspace elements along with simple
green, yellow, red lights which represented were the flight
is possible, restricted or banned.

In 2018 Polish Air Navigation Services Agency made
an agreement with technology providers - HAWK-E and
Droneradar in order to deploy the system and combine it
with PANSA procedures. The backbone of the system was
to build communication layer — between Air Traffic Con-
trol (ATC) and drone pilots. According to the Drone Road-
map[14] the aim of the implementation was the creation
of procedural and collaborative interface with Air Traffic
Management system (ATM).

PansaUTM was created by the Polish Air Navigation
Services Agency and technological partners. It combines
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and reflects needs of UAV operators, ANSP and Air Traf-
fic Controllers. This approach allowed PANSA to prepare
a convenient and functional tool that provides greater situ-
ational awareness and safety in the air, also simplifies and
digitalizes UAVs flight coordination processes. The system
at the moment is integrated with DroneRadar mobile app.

The official announcement of the PansaUTM system took
place at the 2019 World ATM Congress and the 2019 JARUS
(Joint Authorities for Rulemaking on Unmanned Systems)
Plenary Session in Katowice.(https://www.pansa.pl/o-pansa
utm-na-sesji-plenarnej-jarus-w-katowicach/) After one year
of certification process with the Civil Aviation Authority of
Poland obtained a positive decision for operational use in
the Polish Towers (TWRs) and Flight Information Services
(FIS) Sectors. The system was launched on March 2nd, 2020
in Poland, PansaUTM is the first one in Europe and one of
world’s first national operational UAS traffic management/
air traffic management (UTM/ATM) systems used by ATC
operational personnel on daily basis. Currently the imple-
mentation is completed on all 15 civil active TWRs and all
5 FIS Sectors. It means that all drone operators in Poland
can conduct the digital coordination of UAV flights with
PANSA. In February 2021 the new version (1.2) of the sys-
tem has been introduced allowing more automatic approvals.

The PansaUTM system is a single source of aeronauti-
cal data for drone pilots and supports flight coordination
process. It also provides fast, digital, non-verbal commu-
nication between air traffic controllers and drone operators.
It enables drone operators to check flight possibility in a
given area, digitally submit a flight plan and obtain permis-
sion to fly if it does not threaten the safety of aircraft. For
air traffic controllers, the system provides information about
drone flights planned in the vicinity of international airports
(CTRs) along with simple authorisation/ non authorisation
tools. The controller has also dynamic geofencing tools and
can create alert zones which would order drone pilots to land
in a given area. It also supports other emergency situation
such as possibility to report lost connection with the drone
by the operator to alert the ATC instantly.

PansaUTM is fully digital and based on non-verbal com-
munication between air traffic controller and drone opera-
tor, what makes the whole flight-related process quick and
easy. Communications are conducted via a Controller-Drone
Data Link Communication (CDDLC) network, the drone
equivalent of the CPDLC system. This allows PansaUTM to
communicate with the drone pilot and strengthen safety by
enabling a quick reaction on any reason. In order to commu-
nicate with the Air Traffic Controller via the UTM system,
drone operators use dedicated mobile app integrated with
the UTM - Drone Radar. As mentioned before Drone Radar
is widely recognized mobile app in Poland, used by drone
operators to check the possibility of the UAV flight. Thanks
to integration with the UTM it supports the full picture on
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airspace structures as well as enables two may non-verbal
communication with the ATC.

The system has been developed to ensure that all the aero-
nautical data which is distributed to the users is certified
and comes from a reliable source. The operators can check
where they can fly and under which conditions. The system
supports flexible use of airspace (FUA) visualisation. It com-
bines static and dynamic data related to UAVs from different
sources including NOTAMS, and all the data is updated in
real time on the screen to controllers and drone pilots.

The system supports both VLOS and BVLOS flights
and automatically checks to see if the drone operator has
received all the necessary approvals from the CAA for the
flight. And it has also been integrated with an ACM, Auto-
matic Capacity Management function, which will allow
flight requests in certain conditions to be answered auto-
matically depending on the flight plan and any potential con-
flicts identified at an early stage. The AMC function is fully
customisable and depends on the decision of each ATS Unit.
In Poland, the functions is being configured on the basis of
years of experience to filter the operations to those which
could be approved automatically, and those which require
ATC attention. This allows to reduce controller workload
by 75% without compromising the safety.

PansaUTM created a friendly, modern and innovative
environment for a safe integration of both manned and
unmanned air traffic in the airspace. Thanks to the System
and close and flourishing cooperation of different stake-
holders, both public and private, a level of U-space devel-
opment in Poland is now the highest in Europe according
to the Eurocontrol 2020 U-space services implementation
monitoring report, making the Polish market well prepared
for current and future challenges. The implementation of the
environment based on operational PansaUTM system was
the backbone of PANSA’s U-space Program and their signa-
ture take to put the U-space concept into reality. Taking into
account the SESAR Blueprint and functionality provided by
the system — it is an upper U3 level of maturity.

During one year of operation the system along to the
normal operations supported numerous test pilot-projects
automatic medical BVLOS flights of such as Hermes
dronoid in Warsaw on route from one hospital to the other
in order to reduce the outcomes of the Covid-19 outbreak.
[15] The track of the UAS was seen on the system thanks to
the ADS-B miniature transponder mounted on-board of the
UAS. The ground and air infrastructure based on ADS-B
standard was deployed by PANSA, the UAVs equipped
with the transceivers are visible on the PansaUTM display
as the live tracks. Practical use of the live tracking is being
tested in controlled zone in Warsaw. In 2020 PANSA con-
ducted the series of flights to assess the range and possible
use for larger scale in different cities in Poland. The covid
test flights which were also repeated on different route in

November 2020 are promising and probably will become
more scalable in the future.

5 U-Space Developments

In parallel to the regulatory process, there are groups which
links different stakeholders in order to support the process of
exchange of experiences in U-space implementation. Euro-
pean Network of U-space Demonstrators, Civil Air Naviga-
tion Services Organization (CANSO) UAS Working Group,
A6 U-space Task Force. Those foras take an active part in
commenting the draft of U-space regulation prepared by
EASA/ European Commission.

EASA opinion on U-space regulation from 2019 was put
into the consultation process.[16] Opinion got 3 thousand
replies — which put it into the one of the most commented
opinions. It caused the postponing of the re-publishing of the
opinion[17] and the next version of the opinion was ready in
the first quarter of 2020.[18] Eventually the draft changed
few times during 2020, and was eventually adopted by the
EASA Committee in February 2021. As the certain elements
of the regulation itself raised concerns — the European Com-
mission assured that all the issues which are unclear will be
well explained in the GM/AMC to the regulation. The del-
egated Regulation (EU) 2021/664 on a regulatory framework
for the U-space was published on 22 April 2021 (U-space
regulation). The U-space regulation is expected to be appli-
cable in January 2023, before that date, all U-space Service
Providers (USSPs) and Common Information Services Pro-
viders (CISPs) should prepare for the required certification
process in order to be certified to provide U-Space Services
in line with the new regulation.

6 Future of U-Space Concept and Related
Projects to Enable Transport with Drones

Despite of adopting the U-space regulation, the concept
itself will evolve along with the market and the efforts to
show practical capabilities of certain U-space services will
be continued. The most recent concept of urban air mobil-
ity gives even broader perspective on what type of opera-
tions U-space could support — the transport of people in
cities with use of dedicated UAS.[19] All the stakeholders
involved in the U-space deployment should make use of
outcomes of demonstrations, SESAR projects or U-space
related CONOPS papers and other documents. Poland also
is involved in few SESAR projects — ie. GOF 2.0 show-
ing the capabilities of U-space to support urban air mobil-
ity and PJ.34 aimed to provide the answer how to conduct
non-verbal communication with the ATC. The first wave of
GOF 2.0 project demonstrations conducted in September in
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Estonia, Finland and Poland showed optimistic outcomes
in the interconnection capabilities of different UTM sys-
tems around Europe and readiness to support different UAS
operations in the same volume of airspace, including air taxi
operations, CARGO operations, surveillance, photogram-
metry operations. However there are also blank spots to be
still covered by different projects in order to deploy safe and
scalable Urban air mobility and U-space concept. It requires
the common altitude reference system (CARS) in order to
find reliable reference in terms of altitude for both manned
and unmanned aircraft in the same volume of airspace. It
is subject of different SESAR funded project - Integrated
Common Altitude Reference system for U-space (ICARUS).
Despite the demonstrations of capabilities to conduct flights
of air taxi ready vehicles, there is a need for certification
scheme to ensure reliability and scalability of such applica-
tions in everyday life. However such projects and demon-
strations give a boost for necessary actions from regulators,
manufacturers and finally end-users to introduce such new
services available for masses.

New technical capabilities are being developed and
included into the possible new services. One of the big mile-
stone will probably be the 5G infrastructure deployment. 5G
Network and related projects as 5G!Drones looks promising
as a new mean which can be used in the U-space ecosystem
as tracking or even UTM provision.[20] In Europe there are
more and more research centers focused to support R&D
projects related to drones. Among those centers, the two
Polish initiatives are worth mentioning - Central European
Drone Demonstrator (CEDD)[21] and Navihub Project.[22]
Those and similar R&D centers will be in the future most
likely involved in supporting numerous projects related to
new services.

7 Use of UAVS in Medical Transport

The U-space concept offers an opportunity for UAV to be
widely used in the field of day-to-day supplies as well as
health-related supplies. Prior to the U-space concept, the
use of drones had to be considered innovative. The dynamic
development of airspace management technologies, the
development of 5G research, blockchain technology, the
easy availability of satellite data, opens up new opportu-
nities for UAV and the opportunity to shift its use from
recreational to professional applications and to launch new
technological trends. Emerging technologies such as 5G
networks have significant potential on UAV's equipped with
cameras, sensors, and GPS receivers in delivering Internet
of Things (IoT) services from great heights, creating an air-
borne domain of the IoT. However, there are many issues to
be resolved before the effective use of UAVs can be made,
including security, privacy, and management.
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A milestone in the area of the “release” of airspace for
commercial operations is the Regulation of 20 December
2018[23] which introduced, inter alia, the possibility of
operations of BVLOS (Beyond Visual Line of Sight Opera-
tion). UAV perform BVLOS operations, inter alia, for
automated flights operated within or for medical supply. In
accordance with Article 2 (5) of the BVLOS Regulation,
an automatic flight shall be understood as ‘an operation in
which a unmanned aircraft automatically performs a take-
off and landing at a designated place and a flight on a pro-
grammed route, where the operator only has full remote
control of the operation, while retaining the ability to take
immediate remote control of the unmanned aircraft or to take
other action in the event of an emergency’. The following is
areference to the appropriateness of using UAV in the medi-
cal supply process, including those with a direct relation to
public health protection.

Issues relating to the use of drones for health protection
purposes have so far been examined in the context of sectoral
literature. The relevance of the use of UAV in an area related
to human health in general has been the subject of studies in
terms of radioactive radiation distribution and contamina-
tion mapping. The use of UAV in this area was intended to
eliminate the health risk of personnel performing radiation
mapping activities and thus to eliminate risks in the area of
public health.[24] Researchers analysing the appropriate-
ness of using drones in the area of distribution of medicinal
products and medical devices indicated that drones could be
potentially reliable platforms for the provision of medical
microbiological and laboratory samples, pharmaceuticals,
vaccines and medical equipment.[25] The use was also high-
lighted by researchers who, according to them, UAV play an
extremely important role in search and rescue missions, the
field of combat medicine[26] and tactical medicine,[27] as
well as filling gaps between the third world’s health systems
and their western counterparts, and between major metro-
politan centres and remote rural communities.

In the context of the real use of drones in urgent cases,
researchers stressed that UAV has the potential to deliver
an Automated External Defibrillator (AED). The main dis-
covery of the study was that acquiring an AED delivered
by a drones was perceived by recipients as safe and less
difficult than using their own mobile phone.[28] Drones are
now also used for blood supply. Zipline catapults its drones
into the sky to deliver blood products to hospitals across
Rwanda. The drone is operated by Zipline, a California-
based company focused on delivering medical supplies in
areas with poor infrastructure. In a blink-and-you’ll-miss-
it moment, the drone descends, opens a set of doors in its
belly, and drops a small package that parachutes to the
ground. The drone immediately begins to climb and van-
ishes over the hills as a staff member crosses the hospital
parking lot to pick up the package—a shipment of blood
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ordered by WhatsApp less than half an hour earlier.[29] Pol-
ish researchers analysed the quality of red blood cell units,
apheresis platelet units, and unthawed plasma units frozen
within 24 hours of collection placed in a cooler attached to
the drone and flown for up to 26.5 minutes with ambient
temperatures ranged between —1 and 18 °C. They revealed
that there was no adverse impact of drone transport and
no evidence of red blood cell haemolysis; no significant
changes in platelet count, pH, and other blood parameters
limiting the possibility of using blood products.[30] This
study suggested that the drone could be a good option for
the transportation of blood products. A study from the Johns
Hopkins University School of Medicine has shown that the
transportation of laboratory specimens via drones does not
affect the accuracy of routine biochemistry, haematology,
and coagulation test results.[31] A 2017 study examined the
effects on blood chemistry and haematology following drone
flights of more than 3 hours in duration and under condi-
tions of relatively high ambient temperatures as compared
to control specimens that were neither flown or subject to
high temperature.[32] Blood specimens were then analysed
for serum sodium, potassium, chloride, bicarbonate, urea
nitrogen, creatinine, and glucose as well as WBCs; RBCs;
haemoglobin; haematocrit; mean corpuscular volume; RBC
distribution width; platelet count; and lymphocyte, mono-
cyte, neutrophil, eosinophil, and basophil levels. Results
from both groups were similar for 17 of the 19 tests. The
two differences were serum glucose and potassium levels.
These were higher in the flown samples. It is thought to be
most likely due to higher temperature exposure during flight.
Consequently, it is recommended that there be rigorous tem-
perature management in drone payload compartments.

The use of drones in the medical supply process is an
innovative measure. The first mention of the topic can be
found in 400 AD, in terms of renewal or change.[33] The
mere use of drones to deliver supplies is not an innovative
solution, but the delivery of health supplies is an innova-
tion that leads, on the one hand, to the spread of benefits by
increasing their availability and, on the other, to improving
their quality. This is part of the definition of innovation dis-
tributed by the PF. Drucker, who stressed that ‘an innovation
is a specific business tool by which changes are turned into
an opportunity to start a new business or to provide new
services (...)".[34]

The use of UAV in health care should be divided into
three basic pillars. The first one is related to medical emer-
gency, including in hard-to-reach areas, at mass events, and
to the occurrence of civil, air and water traffic accidents.
Until now, the literature has mainly analysed the appropri-
ateness of using UAV for medical emergency services[35,
36] The second pillar is directly related to the treatment
of chronic diseases, including civilizational diseases. The
use of drones in the area of health protection is important

in view of the increasing number of civilization diseases,
which imply the occurrence of events of a sudden threat
of life (e.g. strokes, myocardial infarctions). It should be
stressed that despite significant improvements in primary
prevention and treatment over recent decades, strokes are
still the cause of the highest number of deaths and health
complications. Researchers stress that at the beginning of
the twenty-first century the incidence of stroke in Europe
was between 95 and 290/100.000 per year, and the indica-
tors observed in young adults are increasing continuously.
[37] Moreover, due to the aging population, it is likely that
the number of strokes will increase rapidly in the coming
years and that by 2025, about 1.5 million Europeans will
suffer from strokes.

The latter pillar concerns the use of UAV in an epidemic
and the associated need for distribution of medicinal prod-
ucts and diagnostic samples (medical supplies). Sectoral
literature and legislation do not refer to the definition of
medical supplies that can be carried out in BVLOS opera-
tions. Whereas, in view of the specific characteristics and
needs arising from the provision of health services, pro-
vision should be made for the distribution and service of
medicinal products to be provided with medical supplies,
medical devices, foodstuffs, medical equipment, dressings
and plasters, diagnostic samples and organs taken from dead
human bodies for transplantation to another person.

8 COVID-19 Pandemic and UAVS
Applications

In the context of the spread of SARS-CoV-2 virus, drones
may be used to provide diagnostic screening tests, medicinal
products and septic materials, transport of samples of bio-
logical material, as well as an information campaign on how
to deal with an epidemic, quarantine or isolation at home.
In 2014, in the sector literature, it was highlighted that the
use of drones for the distribution of vaccines has a direct
impact on minimizing the costs associated with the supply
chain of such medicinal products.[38] Further studies on
the distribution of vaccines using UAV have indicated that
this activity increases the availability of vaccines and has a
direct impact on the reduction of supply costs.[39] Similar
conclusions were reached in the framework of the Haidari
LA study.[40] Studies conducted by K. Bhatt, A. Pourmand
and N. Sikka has shown a link between the use of UAV and
the minimization of the time taken to perform laboratory
diagnostic tests and vaccine distribution.[41]

In view of the need to carry out diagnostic tests for SARS-
CoV-2 infection, it is also necessary to introduce an optimal
system for the distribution of samples of biological material
between the operators in which sampling was carried out
and the diagnostic laboratories. The first operations related
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to medical distribution via UAV already mentioned in this
article, took place in Poland at the turn of April and May
this year.[42] The transport of blood and diagnostic samples
between the National PGE and PSK of the Ministry of Inte-
rior and Administration using UAV took place in November
2020.[43] Transport using UAV has a direct impact on the
optimization of delivery times as well as human resource
management. Minimizing the contribution of personnel
involved in the transport of samples and blood allows the
use of human resources in other health-related areas.

9 Legal Requirements Concerning Medical
UAV Transport

The use of UAV for medical supplies is economically and
legally justified. Whereas, in view of the specific nature of
medical supplies, it is necessary to lay down precise rules
on liability for damage caused by the transport of dangerous
goods by air, with particular regard to the rules on liability
for damage arising from the operation of automatic flights
and operations to be carried out by Al in future.

Medical supplies, as defined above, should be identified
in many cases with supplies of hazardous materials, which is
particularly relevant for the transport of samples of biologi-
cal material, including potentially contaminated material.

The legal basis for the carriage of dangerous goods by air
is Annex 18 to the Convention on International Civil Avia-
tion, also referred to as the Chicago Convention, signed on
7 December 1944.[44] Details of the transport of dangerous
goods are set out in the Notice of 13 December 2013[45] by
the President of the Civil Aviation Office.

Airlines, cargo agents, freight forwarders, and other
dangerous goods transport institutions use the regulations
issued by IATA — International Air Transport Association -
Dangerous Goods Regulations (IATA DGR). The technical
instructions for the safe transport of dangerous goods and the
Dangerous Goods Regulations shall accept the same and the
only definition of dangerous goods in the literature. These
are articles or substances which are capable of posing a risk
to health, safety, property or the environment and which are
included in the regulations on the list of dangerous goods or
have been classified in accordance with those instructions/
regulations of the DGR.[46]

According to IATA DGR classification, samples of biologi-
cal materials, blood and plasma belong to class 6.2 (infectious
materials). The rules governing the transport of dangerous
products are governed by the law, but do not explicitly refer to
the rules on liability for damage caused by transport and distri-
bution of such consignments. This is particularly important for
consignments transported by the UAV, which are intended to
provide samples of biological materials to diagnostic laborato-
ries. Given the epidemiological specificities of consignments,
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there is a high risk that damage, destruction or loss of samples
during transport is a potential source of infection for many
people and pathogen transmission. The first part of the article
sets out the legal provisions regarding the general principles
of UAV operator liability (13).

The rules on liability for damages caused by the move-
ment of aircraft are laid down in Polish Aviation Law.[47] In
accordance with Article 206 of the Act quoted, ‘liability for
damage caused by the movement of aircraft shall be governed
by civil law rules on liability for damage caused by the use
of mechanical means of communication addressed by natural
forces, subject to paragraphs 2 and 3 and article 207. In prin-
ciple, this means that liability for damage caused by UAV is
equivalent to that of persons driving motor vehicles on the
road. It follows that liability for damage caused by aircraft
movements should be classified as liability on a risk basis
(Article 435 or Article 436 of the Act Civil Code, hereinafter
c.c.) or on a fault basis (Article 415 c.c.).

10 Liability and Responsibility

In resolution of 2017 on Civil Law Rules on Robotics, the
European Parliament stressed,[48] that the future legisla-
tive instrument should be based on an in-depth evaluation
by the Commission determining whether the strict liability
or the risk management approach should be applied (point
53). European Parliament notes that the risk management
approach does not focus on the person ‘who acted negli-
gently’ as individually liable but on the person who is able,
under certain circumstances, to minimise risks and deal with
negative impacts (point 55). The European Parliament con-
siders that, in principle, once the parties bearing the ultimate
responsibility have been identified, their liability should be
proportional to the actual level of instructions given to the
robot and of its degree of autonomy, so that the greater a
robot’s learning capability or autonomy, and the longer a
robot’s training, the greater the responsibility of its trainer
should be; notes, in particular, that skills resulting from
‘training’ given to a robot should be not confused with skills
depending strictly on its self-learning abilities when seeking
to identify the person to whom the robot’s harmful behaviour
is actually attributable; notes that at least at the present stage
the responsibility must lie with a human and not a robot
(point 56). The European Parliament points out that a pos-
sible solution to the complexity of allocating responsibility
for damage caused by increasingly autonomous robots could
be an obligatory insurance scheme, as is already the case,
for instance, with cars; notes, nevertheless, that unlike the
insurance system for road traffic, where the insurance covers
human acts and failures, an insurance system for robotics
should take into account all potential responsibilities in the
chain; 18.7.2018 EN Official Journal of the European Union
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C 252/249 Thursday 16 February 2017 58, considers that,
as is the case with the insurance of motor vehicles, such
an insurance system could be supplemented by a fund in
order to ensure that reparation can be made for damage in
cases where no insurance cover exists; calls on the insurance
industry to develop new products and types of offers that are
in line with the advances in robotics (point 57-58).

In the context of the operation of intelligent robots, it is also
necessary to refer to the rules of liability on a fault basis. Accord-
ing to Article 415 Civil Code, no one is liable for a case, even
if the machine or its autonomous decision to correct the source
code, provided that the machine is authorized to be placed on
the market, is duly certified and its operator has not made a
mistake, contributing to damage. Responsibility on the basis
of fault can only be borne by anyone who knows of the danger
that has emerged from the robot algorithm itself, or by a person
who should know of the danger, provided that he or she has a
legal obligation to prevent the danger. As noted by the European
Parliament in its 2017 resolution, responsibility can be shared
not only by those who acted uncaring, but also by a person who
can, under certain circumstances, minimize risks and take action
with regard to negative effects. Liability on a fault basis (Article
415 c.c.) does not justify the attribution of liability for the effect
itself, on a risk basis. In particular, the operator cannot be held
liable for unpredictable, unsafe and damaging robot behaviour.
It would not be possible to continuously control the standalone
robot — all the more so since the user will not in principle have
source codes or specialist knowledge.

Whether we take the principle of risk or guilt as the source of
responsibility, it will be necessary to demonstrate as a basis of
liability the causal link between the operator or the machine itself
and the injury. The demonstration of a causal link is particularly
relevant for BVLOS operations which are carried out of sight,
but with the involvement of the operator. The BVLOS regula-
tion provides for the need to participate in such operations by
an operator who holds a valid certificate of qualification. Those
certificates remained valid until 1.7.2021. For this type of opera-
tion, the premise of a causal link will have to be applied not only
to human activity but also to the operation of machinery, which
requires consideration to be given to the legitimacy of the latter.

A separate analysis is required, if the damage is caused
by an autonomous decision of the UAV operating system.
According to Konert A., the solution could be to adopt new
rules with the introduction of a legal causal link, as in the
case of air carrier liability under the Montreal Convention
of 1999.[49] In addition, consideration should be given to
the introduction of uniform rules on the liability of artificial
intelligence for damage resulting from the participation of
Al in drone software or the decision to use it. It should be
noted that the use of Artificial Intelligence (AI), which deep
learning, which is the most advanced machine learning, can
increase company revenue by up to 9%.[50]

Over the years, there have been many proposals for extending
some kind of legal personality to emerging digital technologies,
some even dating from the last century. Still, the experts believe
there is currently no need to give a legal personality to emerg-
ing digital technologies. Harm caused by even fully autonomous
technologies is generally reducible to risks attributable to natural
persons or existing categories of legal persons, and where this is
not the case, new laws directed at individuals are a better response
than creating a new category of legal person. Any sort of legal per-
sonality for emerging digital technologies may raise a number of
ethical issues. More importantly, it would only make sense to go
down that road if it helps legal systems to tackle the challenges of
emerging digital technologies. Any additional personality should
go hand-in-hand with funds assigned to such electronic persons,
so that claims can be effectively brought against them. This would
amount to putting a cap on liability and — as experience with cor-
porations has shown — subsequent attempts to circumvent such
restrictions by pursuing claims against natural or legal persons to
whom electronic persons can be attributed, effectively ‘piercing
the electronic veil’. In addition, in order to give a real dimension
to liability, electronic agents would have to be able to acquire
assets on their own. This would require the resolution of several
legislative problems related to their legal capacity and how they
act when performing legal transactions. In previous studies on
artificial intelligence and robotics, the issue of machine liability
has not been comprehensively analysed[51-53].

In the European Parliament resolution of 16.2.2017,[54]
a differential concept has been put forward. It appears that
“creating a specific legal status for robots in the long run”
and “creating the status of electronic persons responsible
for making good any damage they may cause, and possibly
applying electronic personality to cases where robots make
autonomous decisions or otherwise interact with third par-
ties independently” — this means a potential constitution of
a new legal category, different from natural persons, legal
persons or imperfect legal persons — “electronic persons”.

Given that the first medical supplies provided by UAV have
been positively tested, it is likely that they will soon be part of
the daily medical transport scenario. It is therefore necessary
to establish uniform and clear rules on liability for damage,
loss or destruction of the contents of medical supplies. It is
also necessary to establish a common framework for liability
for damage caused by intelligent robots or damage caused
during operations performed and supervised by Al

11 The Use of UAVS for the Transport
and the re-Education of Greenhouse
Gases

Irrespective of the economic, temporary and logisti-

cal benefits of using UAV for the transport of medical
supplies, it should be noted that these activities remain
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directly linked to the reduction of greenhouse gases.
Issues relating to the reduction of greenhouse gases are
regulated both under Polish and European law. The pre-
amble to the United Nations Framework Convention[55]
on climate change (hereinafter: Convention) states that
climate change and its negative effects are one of the key
problems facing humanity. At the same time, it was noted
that the highly developed countries have the largest share
of global greenhouse gas emissions. The objective of the
Convention is, in accordance with the wording of Article
2 thereof, to “stabilize greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system (...)”.

It should be stressed that, in accordance with the above-
mentioned Convention, “emission’ should be understood to
mean the release of greenhouse gases and/or their substances
into the atmosphere over a given area over a given period.
In turn greenhouse gases themselves are defined as gaseous
components of the atmosphere, both natural and anthropo-
genic, which absorb and reproduce infrared radiation.

Between 1 and 10 December 1997, the Kyoto meeting
held the third Session of the Conference of the Parties
to the United Nations Framework Convention on climate
change. The outcome of the meeting was the adoption of
the Kyoto Protocol[56] of 11 December 1997 to the United
Nations Framework Convention on climate change.

On 12 December 2015 in Paris, at the Conference of
the Parties to the United Nations Framework Convention
on climate change, 195 States adopted the text of the new
climate agreement, which is the Paris Agreement.[57] The
Agreement was signed on 22 April 2016 in New York.
It should be noted that the entry into force and the bind-
ing force of the Paris Agreement were conditional upon
ratification by at least 55 States Parties to the Convention,
which account for 55% of global CO2 emissions. The Paris
Agreement entered into force on 4 November 2016, but it
became effective at the beginning of 2020, replacing the
Kyoto Protocol. Two types of measures have been required
by individual countries, including those aimed at reducing
CO2 emissions, as well as extending their absorption by,
inter alia, increasing afforestation.

In accordance with Article 4 of the Agreement, emis-
sion reductions are to be implemented as soon as possible,
in accordance with the best available scientific knowledge
and due diligence. Individual countries are required to
identify their contributions to the fight against climate
change, referred to as INDC (Intended Nationally Deter-
mined Contributions) - and to gradually increase them.

The use of UAV for medical supplies is undoubtedly a
contribution to reducing greenhouse gases due to the aban-
donment of conventional road transport. The above is a part
of the amendments adopted by the European Parliament
on 8 October 2020 on the proposal for a regulation of the
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European Parliament and of the Council establishing the
framework for achieving climate neutrality.[58] The Euro-
pean Parliament suggests to increase greenhouse gas emis-
sion reductions for 2030 to 60% compared to 1990 emissions
and achieve climate neutrality by 2050 for all countries.

12 Summary and Conclusions

The progressive automation of airspace management poses
new challenges for the legislator, especially in the area of
sectoral regulation. The U-space environment from the oper-
ational and regulatory side is a multidisciplinary approach
that requires the interaction of aviation, law, medicine,
robotics, mechatronics and engineering experts.[59] The
legal framework and practical implementation of the con-
cept is undoubtedly one of the pillars of the U-space, which
can both stimulate and hamper its development. The legal
framework for the development of U-space should be taken
into account, as well as sector-specific regulations taking
into account the principles of the use of drones in strictly
defined areas, including in the process of medical supply,
and liability for damage caused by UAV medical supply or
Al-controlled intelligent machines. The already recorded
numbers of operations via existing UTM systems shows the
unprecedented growth of operations. Example of Poland and
PansaUTM system showed that UAS operations submitted in
2021 almost doubled comparing to those submitted in 2020.

The outcomes of the UAS related projects and already
existed UTM systems and capabilities are promising, how-
ever there are still much to be done on technical/ proce-
dural and regulatory level to achieve ultimate goal — scal-
able drone operations with mixed services in unsupervised
environment. The forthcoming U-space regulation with
described U-space services might be next step forward to
the uncertainties still to be answered.

Transport using UAV is crucial for the speed of medical
supplies and for minimizing health risks due to the elimina-
tion of interpersonal contacts and therefore pathogens. The
health regimes and the associated restrictions were mainly
based on limiting face-to-face contacts, which is particu-
larly important in the context of combating and combat-
ing COVID_19. While at the beginning of the COVID_19
pandemic the use of drones was primarily considered in the
context of preventive and intervention measures, the focus
of the use of UAV should now be shifted to the transport
of equipment monitoring the course of complications after
the infections. Extending the availability of remotely moni-
tored patient health bands by providing them using UAV to
locations that are difficult to access provides a guarantee of
effective and prospective observation of the development
of complications, causes of mortality, and the development
of preventive health programs. Transport using UAV is an
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alternative to part of medical supplies, which is due to the
improvement of the quality of the health protection of the
individual as well as of public health. At the same time,
medical transport using UAV has an impact on minimiz-
ing greenhouse gas emissions, to which both developed and
developing countries are required.
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