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Abstract

Purpose – Unmanned aerial vehicles (UAV), colloquially called drones, are widely applied in many sectors of
the economy, including the construction industry. They are used for building inspections, damage assessment,
land measurements, safety inspections, monitoring the progress of works, and others.
Design/methodology/approach – The study notes that UAV pose new, and not yet present, risks in the
construction industry. New threats arise, among others, from the development of new technologies, as well
as from the continuous automation and robotization of the construction industry. Education regarding the
safe use of UAV and the proper use of drones has a chance to improve the safety of work when using these
devices.
Findings – The procedure (protocol) was developed for the correct and safe preparation and planning of an
unmanned aerial vehicle flight during construction operations.
Originality/value – Based on the analysis of available sources, no such complete procedure has yet been
developed for the correct, i.e. compliant with applicable legal regulations and occupational health and safety
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issues, preparation for flying UAV. The verification and validation of the developed flight protocol was
performed on a sample of over 100 different flight operations.

Keywords Unmanned aerial vehicles, UAV, Safety, Construction industry, Flight preparation,

Risk assessment

Paper type Research paper

1. Introduction
The era of using unmanned aerial vehicles (UAVs), so-called drones, for onlymilitary purposes
is history (Skorupka et al., 2020). Over the past decade, UAVhave been used extensively in the
civil and commercial sectors (Schach and Weller, 2017; Walczy�nski et al., 2017). Currently,
drones are widely used inmany sectors of the economy, including: mining (Lee and Choi, 2016;
Park and Choi, 2020), agriculture (Malinovska and Osadcuks, 2016; del Cerro et al., 2021),
medicine (Bhatt et al., 2018), ecology (Cruzan et al., 2016; Schaub et al., 2018), and transport
(Chung et al., 2020; Macrina et al., 2020). Unmanned aerial systems are also extensively used in
the construction industry for, among others: construction inspections (Nowobilski et al., 2020),
damage assessment (failure, effects of catastrophes), area measurements (inventories,
area mapping), safety inspections, monitoring of the progress of works (Rybka et al., 2020),
building maintenance, and thermal imaging tests (Noszczyk and Nowak, 2017).

It should be borne in mind that UAV pose new (not yet present) threats to the construction
industry (Hussein et al., 2021). These new threats are related to the development of new
technologies, as well as to the continuous automation and robotization of the construction
industry (Luo et al., 2022). Although there has been research concerning the benefits of new
technologies, including drones, to the construction industry, there is a lack of quantitative
research that analyzes the impact of working with or near UAV on the health and safety of
employees. The analysis of factors that influence the safety of UAV shows that the main
causes of accidents are equipment problems and/or a lack of proper coordination (Ghasri and
Maghrebi, 2021).

The use of unmanned aerial systems allows several important benefits in terms of safety
in the construction industry to be achieved. First of all, drones can move faster than people,
and they can also reach places that are inaccessible or difficult to reach for humans -
e.g. located at height with no possibility of entry. The use of drones can significantly improve
work safety, e.g. near moving vehicles on a construction site, within the working area of
cranes, near unsecured edges and openings, and in the area of the so-called “blind spot”when
using heavy construction equipment.

Themainpurpose of the research is to develop a procedure (protocol) for the correct and safe
preparation and planning of an unmanned aerial vehicle flight for the purposes of construction
operations in accordancewith applicable legal regulations. For this reason, a systematic review
of scientific articles, instructions, recommendations of device (drone) manufacturers, and
applicable legal regulations in the field of flight preparation was performed.

Based on the analysis of the available sources, it appears that a complete procedure for the
correct preparation to fly with UAV (i.e. compliant with applicable legal regulations and
occupational health and safety issues) in the construction industry has not yet been
developed. This article and the conducted research are intended to fill the identified gap. The
development of such a protocol may contribute to the improvement of work safety at
workplaces where UAV are used.

2. Systematic literature review
When starting the research, a systematic review of the available literature was carried out.
OnlyWeb of Science articles from the last decade (January 2011 to December 2021) have been
included in the literature review in order to ensure that the information contained in the
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articles is up-to-date. The following keywords were selected for the literature review, which
could appear in the title, abstract or keywords, namely “drone”, “unmanned aerial vehicle” and
“construction”. In order to assess the relevance of selected works, a set of criteria that exclude
irrelevant publicationswas established based on their content and type of publication. Firstly,
those works that did not directly represent research or analysis concerning the use of UAV in
the construction industry were identified and excluded. The type of paper was then verified in
order to make sure that the publications came from peer-reviewed journals or conference
materials. Finally, the manuscripts were also reviewed to ensure that at least one of the
keywords of this studywas covered in the body of the article. After an incremental evaluation,
40 publications were obtained. The thematic scope of the articles concerned 5 main areas:

(1) Review articles (12 articles),

(2) Drone classification (8 articles),

(3) Flight planning (4 articles),

(4) Work safety (8 articles),

(5) Case study analyzes (8 articles).

In a situation where the article dealt with several of the above-mentioned subject areas, it was
qualified for only one leading area.

2.1 Review articles
This group of articles includes works that present the current state of knowledge in the field of
the use of UAV in the construction industry, or describe the applicable legal regulations that
regulate the principles of dronemovement in the air (Herrmann, 2016;Łukasiewicz, 2020).These
articles discuss the results of original scientific research to date, e.g. regarding the analysis of the
current state of research concerning the use of drones in the USA (Zhou andGheisari, 2018) and
India (Rao et al., 2019). The analyzed works present the possibilities of using UAV to manage a
construction site, in particular to monitor the progress of works and to conduct construction
inspections, to improve logistics at a workplace, and to assess work safety conditions and
damage caused by disasters (Irizarry and Costa, 2016; Freeman et al., 2021).

The second application of drones in the construction industry that can be found in literature
(apart from managing a construction site) is the possibility of performing photogrammetric
measurements using photos taken at the construction site. Pictures taken with the help of a
drone allow for the development of, among others, orthophotomaps and numerical terrain
models (Han et al., 2021). The use of appropriate photogrammetric software allows for the
integration of the collected and processed data with building information models that support
BIM technology (TatumandLiu, 2017). Thedevelopment of a building informationmodel can be
used to assess the progress of a project (Julge et al., 2019), as well as to check geometric
compliances (Elghaish et al., 2020). UAV, which are equipped with a thermal imaging camera,
can also be used in construction thermography (Entrop and Vasenev, 2017), and after
appropriate preparation, to inspect buildings in closed spaces (Eiris et al., 2021).

2.2 Drone classification
Two types of UAV are commonly used in the construction industry: rotorcraft and fixedwing
aircraft. Devices with rotary rotors (rotorcrafts) are characterized by their ability to hover,
and to vertically take off and land (Yang et al., 2017). Depending on the number of rotors,
these may be helicopters or multi-rotor carriers (Li and Liu, 2018). The principle of rotor lift
generation makes them a potentially better platform for small to medium sized projects or
vertical types of structures. Remotely controlled devices in the form of a fixed airframe
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(resembling planes and flying wings) are characterized by their ability to stay in the air for a
long time without the need to land. This translates directly into the possibility of covering
large areas. Such possibilities make them a better platform for large projects, especially linear
ones (Kim and Kim, 2018). The main limitations of fixed wing aircrafts, which are a result of
their design, are their inability to hover and the need for a large take-off and landing space
(Albeaino and Gheisari, 2021). In addition to the above-mentioned standard types of UAV,
new and innovative solutions are being designed, which often combine the benefits of both
types. Additionally, when designing and constructing new structures, the following options
are taken into account: the use of materials that have not been used so far (H€oche et al., 2021),
the possibility of adding additional devices (Sagrera et al., 2015), or the possibility of
modifying existing structures by adding additional rotors (Hu and Lanzon, 2018). Innovative
materials and techniques, such as elements made with the use of 3D printing technology
(Szywalski and Waindok, 2020), are used for their construction.

2.3 Flight planning
Regardless of the type of used equipment, it is important to properly plan the course of a flight
before take-off. The aim of the research conducted in this area involves, among others, the
optimization of the flight trajectory along which the drone moves during the monitoring of
the progress of work (Keyvanfar et al., 2021). An important issue is also the correct flight
planning for a group of drones (the so-called “swarms”) moving over urban areas, where there
are obstacles of different heights. The aim of the research is to find the best trajectories while
ensuring collision-free navigation (Bahabry et al., 2019). Another goal of the research is to
optimize flight speed, which will ensure that the drone will effectively spend most of its time
monitoring the construction site, and also complete its route within the specified time and
without the battery being drained (Yi and Sutrisna, 2021). However, it needs to be noted that
when making photogrammetric measurements, the level of detail of the collected data is
important. It allows for the recognition of structural elements and the internal consistency
and precision of the conducted measurements (Siwiec, 2018).

2.4 Work safety
UAVare effectively used to improve occupational health and safety at workplaces. The use of
UAV allows, among others, to eliminate the need for employees to stay in hazardous zones, to
enter confined spaces, or to perform work at height. However, it should be remembered that
UAV may pose new threats that have not yet been present at construction sites (Jeelani and
Gheisari, 2021). Possible threats and potentially accidental situations should be identified,
their risk should be assessed, and necessary preventive measures should be taken in order to
prevent their occurrence (Izadi Moud et al., 2021). This is necessary to ensure the safety of
employees workingwhere drones are used. The key role here is played by the identification of
applied solutions, safety practices, and applicable technical requirements when using air
systems (Gheisari and Esmaeili, 2016). Unstable flight conditions, operator errors, and
equipment failures can pose a potential risk to nearby workers (Howard et al., 2018). An
incorrectly selected flight trajectory of an unmanned aerial vehicle may lead to a collision,
which in turn may cause injuries to people or animals, significant damage to the equipment,
or even loss of the device (Nguyen et al., 2019). It should also be noted that UAV are devices
that are powered by electricity, which in turn can be a potential source of ignition for
flammable materials and combustible dust (Kas and Johnson, 2020). In addition, UAV on a
construction site can be distracting for workers, and this can worsen their overall safety
performance and increase the number of accidents at work that do not directly involve a
drone (Namian et al., 2021). Previous studies also show that stress and fatigue of the user/
drone pilot are the main causes of accidents involving these devices (Sakib et al., 2021).
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2.5 Case study
The main purpose of the studies belonging to this group of articles is to present the practical
application of UAV in real operating conditions and applications. For example, an unmanned
aerial vehicle was used by stakeholders with varying degrees of experience to verify the
quality of collected data and the obtained three-dimensional cloud of points for a part of the
curtain wall of a large health care facility located in the south east of the United States (Liu
et al., 2016). Another interesting application of UAV concerned the examining of the
possibility of monitoring surface deformation on the construction sites of expressways in
Korea. An orthophotomap, a digital terrain model and a 3D topographic informationmodel of
the construction site were developed thanks to the use of low-altitude photogrammetry (Lee
et al., 2020). By using images and photogrammetry, it is possible, for example, to detect and
determine the number of vehicles working on a construction site (Li et al., 2019). An unusual
example was the use of UAV for the assembly of electrical and grounding cables with optical
fibers. The cited work describes the method of unwinding rope (wire) during the construction
of the 400 kV high-voltage Ostrołęka-Olsztyn Matki line (Pawlak and Serek, 2017).

One of themost clearly described practical applications in literature of UAV is their use for
building inspections for all types of buildings, including historical ones. For example, the
purpose of the building inspection carried out in the historic Tan Swee Hoe residence was to
assess the overall technical condition of the building. An innovative solution involved the
performing of an inspection that was assisted by an image obtained with the use of an
unmanned aerial vehicle (Yusof et al., 2020). Similar techniques are also used in civil
engineering, and in particular when inspecting bridge structures (Jung et al., 2018),
e.g. a three-span glued-laminated timber girder with a composite deck (located near Keystone,
South Dakota) (Seo et al., 2018), or the 140 m long bridge in Skodsberg, which is made of
prestressed concrete (located in the district of Viken in easternNorway) (Ayele et al., 2020). As
you know, bridges are a critical element of infrastructure in the road and rail transport system
network. A large proportion of bridges in Europe are now reaching the end of their design life,
and therefore regular inspection and maintenance is essential to ensure the safety of their
further operation. Traditional inspection procedures and required resources are time
consuming and costly. The use of UAV allows the time and the costs of inspecting this type of
structure to be reduced, while at the same time the risk of carrying out work at height and in
places difficult for human access to be minimalized.

2.6 Summary of the literature review
The number of analyzed publications concerning the use of UAV in the construction industry
in the years 2015–2021 is presented in Figure 1. The first part of the analyzed period

Figure 1.
Number of
publications
concerning the use of
UAV in the
construction industry
in the years 2015–2021
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(2015–2017) shows a small number of articles. In 2018, the number of publications almost
doubled when compared to the previous year (7 publications). In the following years, the
number of articles continued to increase, and in 2021 it had already reached the value of 10
publications. There is a noticeable upward trend and a growing interest in the use of UAV in
the construction industry.

Figure 2 shows the percentage distribution of the analyzed articles with regards to the
covered subject area. The largest number of articles were reviews, which accounted for 30%
of all the analyzed publications. Often discussed issues, with the same number of occurrence
(8 articles), were works presenting the classification of UAV, work safety issues, and case
studies. The smallest number of articles, amounting to only 4 articles (10% of all
publications), dealt with issues related to the proper planning of air operations and the safe
operation/flight of a drone.

Additionally, Figure 3 shows the number of articles with regards to countries (with their
location on the world map) in which research related to the use of UAV in the construction
industry was conducted. Most of the research results come from the United States. These
articles account for 45% of all the analyzed papers. Other countries that publish articles in
this area are: South Korea, Great Britain, Poland, Australia andMalaysia (countries that have
published at least 2 articles), which accounts for 45%of all the articles. The remaining 10%of
articles are individual works from the rest of the world.

Based on the literature analysis, it can be concluded that the available literature (from the
Web of Science database) lacks publications dealing with the safety and preparation of UAV
for work. There are no papers presenting current, applicable legal regulations that regulate
the movement of drones in the air in countries of the European Union. Importantly, no
appropriate and safe procedure for the preparation of flying UAV in the construction
industry has yet been proposed or developed, i.e. in accordance with applicable legal
regulations and occupational health and safety issues. This article and the conducted
research aim to fill the identified gap. A protocol for preparing an air operation with the use of
a drone in the construction industry is also proposed.

3. Legal regulations related to the use of drones in European Union countries
3.1 Principles and categories of unmanned aerial vehicle operations
On December 31, 2020, uniform regulations related to the use of drones were introduced in
EuropeanUnion countries (excluding Iceland and Switzerland, which have their own rules for
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UAV), as well as in Liechtenstein and Norway. They were determined on the basis of the
Commission Delegated Regulation (EU) 2019/945 of 12 March 2019 on unmanned aircraft
systems and on third-country operators of unmanned aircraft systems, and also on the
Commission Implementing Regulation (EU) 2019/947 of 24 May 2019 on the rules and
procedures for the operation of unmanned aircraft.

European Union Aviation Safety Agency (EASA), in consultation with member countries,
has developed common European rules for the use of UAV in order to ensure free movement
of drones and equal operating conditions for all pilots of UAV in the EuropeanUnion. Thanks
to the new rules, users of UAV have more freedom to perform drone operations when
traveling in the European Union or when expanding their drone business in Europe. The
described principles are based on an assessment of the risk of exploitation, and they ensure a
balance regarding the obligations of drone manufacturers and users in terms of safety,
respect for privacy, the environment, and protection against noise and safety. They also
introduce standardized document templates confirming the competences that are necessary
to operate a drone in a given category. It should be noted, however, that despite the significant
unification of regulations related to the use of drones in Europe, some member states still
have internal regulations that may significantly limit the possibility of using a drone in a
given situation. These provisions may be related to, among others, respect for personal
privacy, or restrictions concerning the use and publication of material obtained from the air.
In addition, some countries, including Poland and Croatia, require dedicated mobile
applications that drone users are obliged to use.

Figure 3.
Number of articles
from individual
countries of the world
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Due to the above-mentioned differences related to the use of drones in individual Member
States of the European Union, the following part of the article presents the implementation of
EU regulations in the field of the use of drones in the construction industry, using Poland as
an example. This does not mean, however, that the presented regulations apply only to the
country in question, and they can, after appropriate adaptation to specific national
regulations, be transferred to other European Union member states.

The regulations provided at the turn of 2020 and 2021 introduce a division of air
operations that use drones into three basic categories:

(1) Open category – which is considered to be a low risk category. An unmanned aerial
vehicle pilot, when performing an air operation in the “open” category, should pay
particular attention to the class of the drone he is operating. This class depends on the
technical parameters of a given device (including the take-off weight) and has a value
from C0 to C4. The fact that a drone belongs to a given class has a direct impact on the
rules of flying in the “open” category. It is worth noting that the “open” category
distinguishes between three subcategories (from A1 to A3), which have certain
restrictions concerning the drone class that can be used in them. The user of the
device performing an aviation operation in a given subcategory should have the
appropriate permission to use the drone. Additionally, in some cases, the user is
subject tomandatory registration in the system of unmanned aerial vehicle operators.
The rules of performing flights in individual subcategories of the “open” category
differ slightly from each other, but they do have some common elements, which
include, among others, the obligation to only fly within the sight of the pilot or with
the help of an observer at a height of no more than 120m from the nearest point of the
Earth’s surface - in some cases this altitude may be different,

(2) Special category - intended formedium risk operations, the flight parameters ofwhich
exceed those of the “open” category. Operations in the “special” category are
performed according to the so-called “standard scenarios” (STS), in which the
requirements for drones and the maximum flight parameters are presented -
including heights and distances. In a situation where the planned flight parameters
go beyond the situation described in the “standard scenario”, the flight can only take
place after obtaining the appropriate approval. An exception to the above rule applies
to entities with an appropriate certificate issued by the Civil Aviation Authority.
Additionally, the pilot of an unmanned aircraft performing an operation in the
“special” category is required to have appropriate ratings, and should be registered in
the system of operators of unmanned aircraft systems.

(3) Certified category - high risk category. This category includes operationswith the use
of drones that go beyond the requirements of the “open” and “special” categories -
such operations include flights related to the transport of people and hazardous
substances. Operations in the “certified” category require the certification of UAV
under Regulation (EU) 2019/945. Certification of the operator and the obtaining of an
additional license by the pilot of the unmanned aerial vehicle may also be required if
the competent authority, based on a risk assessment, considers it to be necessary.

3.2 Registration of unmanned aerial vehicle system operators
One of the key elements that have been introduced as a result of the unification of the
regulations related to the use of UAV in the European Union is the obligation for the
operators of UAV to be registered. It is worth noting that the term operator is understood as
an entity that provides services related to the use of drones. In the case of the recreational use
of drones, the operator is the direct user of the drone. Unmanned aerial vehicle operators who
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perform operations in the “open” category using drones with a take-off mass (MTOM) from
250 g, or which, in the event of an impact, can generate kinetic energy of more than 80 joules,
are subject to registration. An additional criterion due to which the operator is subject to the
registration obligation is the use of a drone equipped with a sensor capable of collecting
personal data (e.g. a camera). In the “special” category, all operators are subject to
registration.

3.3 General rules for performing air operations with the use of drones
Each aviation operation related to the use of a drone in the construction industry is
characterized by high variability, e.g. in terms of: weather conditions, local terrain conditions,
legal regulations, as well as the type, scope and period in which the operation is performed.
However, irrespective of the above-mentioned elements of the flight operation, the pilot of the
drone should have:

(1) Manual skills that allow for the proper control of the drone in the airspace,

(2) Technical skills that allow the technical condition of the drone to be checked
(especially before take-off and during the flight),

(3) Psychophysical abilities that allow the drone to be operated in a safe manner,

(4) Knowledge about the structure of the airspace and the rules of navigating in it, as well
as possible restrictions in traffic that may occur in it,

(5) Knowledge of the impact of atmospheric conditions on the course of an air operation
and possible related threats,

(6) Knowledge about the impact of terrain obstacles (including transmitters,
transformers) and the shape of terrain on the course of an air operation - loss of
range, interference, etc.

One of the most important elements, among the above-mentioned, which largely affects the
possibility of performing an air operation and its safety, is the knowledge of the structure of
the airspace. Airspace should be understood as the air area that extends over the land
territory, internal waters and territorial sea area of a given state to a given height - in the case
of Poland, the upper limit of the airspace is located at a height of FL 660 (Flight Level
660 5 66,000 ft. - about 20 km). The airspace includes several different air zones
(Rozporządzenie Ministra Infrastruktury z dnia 27 grudnia 2018 r. w sprawie struktury
polskiej przestrzeni powietrznej oraz szczeg�ołowych warunk�ow i sposobu korzystania z tej
przestrzeni (Dz.U. 2019 poz. 619)). Figure 4 shows selected air zones that were active on
February 13, 2022 in the Airspace Use Plan (AUP) for Poland.

In each air zone, there are detailed conditions and rules for performing air operations with
the use of drones. In most of them, a drone flight can only take place after obtaining the
appropriate consent from themanager of a given airspace to perform the flight operation, and
after booking a given area for the duration of the flights. In most cases, communication in this
regard is carried out through the PansaUTM system. In addition, in special cases (e.g. flights
at an altitude above 120 m above sea level), the drone pilot, in addition to obtaining
permission from the manager of a given zone to perform the flight, must also obtain a permit
to perform an operation in the “special” category if this operation is not covered by the
scenario standard STS and is not included in the “open” category. To apply for authorization
to perform an operation in the “specific” category, the drone pilot must prepare a risk analysis
carried out in accordance with either the specific operations risk assessment (SORA)
methodology or predefined risk assessment (PDRA).
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The drone pilot, after obtaining the necessary approvals and permits, immediately before the
flight in the airspace (regardless of the type of air zone) informs the appropriate authority that
manages the given airspace about the intention to perform the flight operation. In Poland, the
air space management body is the Polish Air Navigation Services Agency (PANSA), and the
contact is carried out via the ICT system using the DroneRadar application. During the flight
operation, the drone pilot must exercise extreme caution and keep in constant contact with
PANSA. During the flight, there may be sudden traffic restrictions in a given zone - for
example, related to the flight of a rescue helicopter or the conducting of search and rescue
operations. In such a situation, the drone pilot must immediately stop the operation and free
up the air space he was occupying as quickly as possible. In addition, after completing each
flight operation, the drone pilot immediately informs the above-mentioned authorities about
the completion of the flight and the release of the airspace.

4. Procedure protocol - organization of a safe air operationwith the use of a drone
in the construction industry
On the basis of the analysis of the literature concerning the subject, the operating instructions
for selected UAV, applicable regulations, as well as the knowledge and experience of the
authors of the research (who are authorized to operate UAV and who have several years of
practical experience), a typical scenario of safe conduct in the case of air operation with the
use of a drone for the need of the construction industry was developed. The developed
protocol takes into account all the phases related to the use of the drone, from the planning
phase, through the stage of air operation, and ending with elements related to the end of the

Figure 4.
Selected air zones that

were active on
February 13, 2022 in

the Airspace use
plan (AUP)
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flight operation. For the purpose of this study, it was assumed that the drone pilot has the
required competences and authorizations necessary to operate an unmanned aerial vehicle,
has fulfilled all the requirements related to the operator’s registration to the unmanned aerial
vehicle system, and has his own profile in the PansaUTM system. This profile enables the
conditions and consent for the execution of amission to be obtained. All the above-mentioned
elements must be met before starting the planning of an air operation with the use of a drone,
and the developed protocol should be treated as a procedure to be followed when planning
each new air operation.

The developed protocol consists of five main steps:

(1) Stage I - Flight planning (a few days before the planned flight):

� Determination of the location and area over which the operation will be
performed, as well as the maximum altitude at which flights will be carried out.

� Preliminary planning of the flight course and its scope, e.g. facility inspection,
work progress monitoring, thermal imaging tests, etc.

� Defining the starting point of the device.

� Learning national, regional and local regulations and rules for the use of UAV in a
given area.

� Identifying the category of operation and, in the case of a “specific” category,
selecting the appropriate STS standard scenario.

� Obtaining a permit to perform an operation in the “specific” category (if the
operation is not covered by the STS standard scenario and is not included in the
“open” category), and other local approvals (e.g. an operating permit from
the owner of the facility over which the flight will be performed).

� Detailed mission planning and sending the flight plan to the Polish Air
Navigation Services Agency in order to gain permission for ascent
(communication is most often carried out using the PansaUTM system).

� Obtaining approval and flight conditions from the Polish Air Navigation Services
Agency.

(2) Stage II - Initial preparation of the device for flight (one day before the planned flight):

� Charging the drone’s batteries.

� Charging the batteries of the controller and auxiliary devices - e.g. tablet,
computer.

� Initial checking of the technical condition of the device and its components.

� Preliminary checking of the weather conditions, in particular: wind speed,
humidity, temperature, the level of solar radiation (Kp index), and the
occurrence of precipitation, which may prevent the safe performance of the
operation.

� Preliminary flight path planning, taking into account the drone’s flight dynamics
and possible terrain obstacles, as well as the capabilities of the equipment.

(3) Stage III - Preparation for an air operation (directly before take-off):

� Final verification of the weather conditions.
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� Final verification of the permits held for the execution of operations in a given
place and time, and checking NOTAMmessages in the vicinity of the place of the
air operations.

� Preparation of a safe take-off and landing site, and a plan for an emergency
landing site.

� Preparation of the object overwhich the flights will be carried out (e.g. the location
of measurement points).

� Preparation of the drone for the flight (e.g. device calibration, synchronization
with the controller, checking for updates).

� Final inspection of the technical condition of the drone (in particular checking the
drive system and power supply of the device).

� Launching the DroneRadar application, selecting a complex flight plan (if
applicable), verifying flight settings, and performing a “check-in” in the
application.

� Awaiting for feedback from the controller, who clears the commencement of the
flight in accordance with the flight plan.

(4) Stage IV - Commencement and course of the air operation (from take-off to landing):

� Checking that there are no people or other obstacles in the area of the take-off site
and scheduled flight.

� Turning on the device and controller.

� Starting the engines.

� Ensuring that the device is operational - performing a test flight.

� Performing the proper flight - incl. Flight mode selection (e.g. planned path flight,
manual control).

� Controlling the device while also controlling the flight parameters, technical
condition of the device, surroundings, and messages sent by the controller using
the DroneRadar application.

� In the event of an emergency (e.g. device failure or a sudden restriction in traffic in
a given zone), immediate termination of the operation in progress and quick
landing in a safe place.

� Inspection of the landing site.

� Landing.

� Turning off the engines.

(5) Stage V - End of the flight operation (after landing and turning off the engines)

� Turning off the device.

� Sending a mission completion confirmation using the DroneRadar application
(see Figure 5).

The developed protocol was verified in test flights, during which all its elements were
checked. The course of an exemplary attempt to validate the developed protocol is presented
in Chapter 5.
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5. Verification and validation of the developed procedure protocol - case study
The verification and validation of the developed flight protocol was performed on a sample of
over 100 different flight operations. The analyzed air operations concerned, among others, the
monitoring of the progress of the works and inspection of construction facilities, such as:
cubature facilities (public buildings, e.g. kindergartens, schools and academic buildings,
religious buildings, residential buildings, industrial facilities), engineering facilities (bridges,
road structures), and health and safety inspections (scaffolding inspections, excavation
inspections).

During the implementation of the analyzed air operations, a DJI device - the Phantom 4
PRO V2.0 model - was used as shown in Plate 1.

Figure 5.
Procedure protocol -
scheme

Plate 1.
DJI Phantom 4 PRO
V2.0 drone
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The drone shown in the above photo is one of the most popular devices used during
construction and surveying works. This drone is equipped with a three-axis stabilized 4 K
camera (maximum photo resolution of 20 Mpix), with the possibility of transmitting FullHD
image resolution in real time. Its take-off weight is about 1.5 kg, and itsmaximum flight speed
is up to 72 km/h. The drone also has obstacle avoidance sensors located on the front, back and
sides of the device, as well as on its the bottom. The maximum real flight time with a fully
charged battery is about 20–25 min.

The purpose of the described exemplary air operation with the use of a drone was to
inspect the technical condition and inventory of the roofing of the building of Primary School
No. 1 named after Maria Dąbrowska, which is located at Nowowiejska Street 78 in Wroclaw
(facility coordinates: 518 07'14.5 ''N 178 03'20.2" E) - Plate 2.

A few days before the flight, a local inspection of the planned air operation site was
conducted. It was verified if there are any terrain obstacles in the vicinity of the building that
could pose a threat during the drone flight (e.g. telecommunication transmitters). After
verifying the technical feasibility of the operation in the assumed location, its parameters
were initially planned - i.e. the place of take-off and landing, the area of flight performance, the
planned maximum altitude of the flights, and the time of their execution. On the basis of the
applicable regulations, as well as the type of drone to be used during the operation, it was
assumed that the operation would be performed in the “special” category according to the
national standard scenario NSTS-01. Due to the fact that the area of the planned flights is in
the city center near the airport, it was necessary to submit the flight plan to the Polish Air
Navigation Services Agency (PANSA) in order to obtain the necessary approval for ascent as
shown in Figure 6.

The day before the planned flight, the technical condition of the dronewas checked, aswell
as its battery charge level. The weather forecast and the predicted level of solar radiation (Kp
index) for the next day were also verified. On the day of the flight, directly before the take-off,
the prevailingweather conditions and the permits for the operationwere re-verified. The take-
off and landing site was then prepared, measurement points were distributed, and the device
was calibratedwith a final inspection of its technical condition. After successful completion of
the above activities, the “DroneRadar” application was launched, with the use of which the
previously created mission (approved by PANSA) was selected, and the so-called “Check-in”,
which notified the air traffic controller at the nearest airport (CTREPWR) about the intention
to proceed with the implementation of the flight plan, was carried out. After a few minutes of

Plate 2.
View of the analyzed

object
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waiting for approval, the operationwas started. Before the take-off, the pilot was assured that
there are no bystanders and obstacles in the vicinity. After the test flight, the proper task was
started, which involved a flight over the analyzed object at an altitude of about 45 m lasting
for about 13 min - Figure 7. During the flight, its parameters were monitored, in particular the
battery charge status, as well as messages displayed by the DroneRadar application.

Figure 6.
View of a fragment of
the approved flight
plan for the analyzed
case - PansaUTM
system

Figure 7.
The view of the flight
parameters
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After completing the mission, the device safely landed in the previously planned place and
was turned off. Information concerning the safe completion of the mission was then
transferred to the air traffic controller at the nearest airport (EPWR CTR) using the
“DroneRadar” application.

6. Discussion
The literature analysis presented in the article indicates a growing interest in the technology
of UAV for industrial applications. The confirmation of this is the increasing number of
initiatives that aim to use drones in practical activities, which come from private enterprises,
public and local government institutions, and various types of organizations. This state of
affairs enables this sector of the economy to significantly and dynamically develop. It is
estimated that the drone market in the world will reach a value of UDS 58.4 billion by 2026.
Such a significant and dynamic development of the software development sector, and the
provision of services with the use of drones, generates new previously unknown threats.
Therefore, it is very important to carry out preventive actions that aim to reduce the risk of
conducting operations with the use of drones. The methodology of conduct that was
proposed in the article is a universal method of dealing with safe planning and operations
with the use of UAV. This methodology is fully compliant with the current legal regulations,
industry standards (ISO 21384-3:2019 Unmanned aircraft systems – Part 3: Operational
procedures, 2019), and ICT solutions. Its practical implementation significantly reduces the
level of risk of air operations with the use of drones in the construction industry, and thus
increases the level of safety in society.

It can be undeniably stated that UAV are very useful devices that support the
implementation of a construction project. However, it should be remembered that in some
situations there are certain limitations in their use, such as (Nowobilski, 2020):

(1) The need to have appropriate permissions to control a drone,

(2) The impact of weather conditions on the proper course of an air operation,

(3) The need to adapt to airspace restrictions,

(4) The need for approval to conduct an air operation in some cases.

Additionally, the use of drones during construction investments may generate the following
problems:

(1) In a situation where a drone flight operation is not performed by a trained specialist,
the obtained results may be inaccurate, incomplete, or even erroneous. In addition, a
drone controlled by a person without appropriate competences causes a real threat to
the health and life of people in its vicinity, as well as a significant threat to the
environment in which it moves.

(2) UAVs have a limited flight time. If an operation needs to be completed urgently, but
needs to cover a large area, it may be necessary to use multiple drones or batteries in
order to ensure full coverage.

(3) Operating a drone in an environment with telecommunication transmitters, antenna
masts, and other transmitting and receiving devices may cause disturbances that are
dangerous for the proper course of the flight.

(4) The rules governing the use of drones are constantly changing. The rapidly changing
regulations may make it necessary to obtain additional permits that were not
previously required.
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7. Summary
Anunmanned aerial vehicle, commonly known as a drone, is not only a popular gadget that is
increasingly used by amateurs and hobbyists for private purposes, but also amodern system
that can be used in many areas of life, including construction and research. The use of drones
in construction has a wide spectrum of activity, e.g. construction inspections, damage
assessment, land measurements, monitoring of work progress, and safety inspections. UAV
not only allow for photos from the air to be taken, but also provide three-dimensional models
or orthophotos.

Documentation obtained in this way allows the topography of the area intended for the
investment to be precisely examined, as well as the scope of the planned earthworks to be
verified, e.g. to estimate the volume of excavations, the dimensions of foundations, or the
depth of embedding a pipeline. This contributes to a more precise planning of the pace of
work and the duration of the investment and construction project, makes it easier to control
progress, and, as a result, prevents delays on the construction site.

The use of drones in the construction industry may increase the level of safety at
construction sites, but it should be remembered that UAV may also pose new threats that
were previously not present. Unstable flight conditions, operator errors, and equipment
failure can potentially put people working next to the areas where drones are used at risk. A
poorly chosen flight trajectory of an unmanned aerial vehicle may lead to a collision that may
cause injury to people or animals, significant damage to equipment, or even to the loss of the
device.

The aim of the research was to develop a procedure (protocol) for the correct and safe
preparation and planning of an unmanned aerial vehicle flight for the purposes of
construction operations in accordance with applicable legal regulations. For this purpose, a
systematic review of literature, scientific articles, manuals, recommendations of device
manufacturers, and the applicable legal regulations in the field of flight preparation was
performed. According to the authors, the application of the developed protocol in practice
may contribute to the improvement of work safety at workplaces where UAV are used.

Education regarding the safe use of UAV, as well as the proper use of drones, has a chance
to improve the safety of people that work using these devices. This is especially important
because the use of drones in the construction industry, as mentioned earlier, brings many
benefits. The academia environment is also aware of the fact that UAV are rapidly expanding
their range of applications.

In order to meet the latest trends, the international project “Virtual reality immersive
safety training environment for robotized and automated construction sites” is being
implemented by the consortium: University of the West of England (UWE) Bristol, (United
Kingdom); CTM -Centro Tecnologico del Marmol Piedra y Materiales (Spain);
Bildungszentren des Baugewerbes e.V. (Germany); and Wroclaw University of Science and
Technology (Poland). The main goal of the project is to develop a very innovative, safe and
interactive training environment based on virtual reality (VR) technology. The main aim of
the project was to create a very innovative, immersive and interactive training environment
based on Virtual Reality (VR) technology in order to provide construction workers with the
essential skills and education required to interact with machinery and materials.
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