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The aim of this paper is to present an unmanned aerial vehicle (UAV) developed for multipurpose us-
age in construction industry such as construction site monitoring, examination of constructions, infra-
red thermography, photogrammetry, transport applications and also for marketing activities. Initially,
this article briefly introduces the possibilities of UAV applications in construction industry. Thereupon,
the paper presents the structure, the hardware and the software system of a hexacopter, specially
developed as the UAV for multipurpose use at construction sites and on locations of existing facili-
ties. Due to the nature of the movement and vibrations created during the flight, it was necessary
to develop a stabilizing system for capturing quality photos and videos. Therefore, this paper also
exposes an applicable solution for such stabilization system which was installed in the UAV. Further-
more, some actual practices and applications performed employing the developed UAV in the field
are shown at the end of the paper. The possible uses of the developed UAV demonstrated that it
is suitably operational for multipurpose tasks, particularly on the account of its flexibility, generated
thrust and installed software system. Additionally, it is unlike the out of the box systems, which are
usually intended for single use.
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INTRODUCTION

Nowadays, significant attention in design and con-
struction of a wide range of facilities is devoted to
finding sustainable solutions aimed at reducing
costs in construction phases as well as during the
object exploitation. On the other hand, with already
built facilities, there is less room for manoeuvre in
shaping more sustainable ideas. Therefore in the
last few years closer attention was paid to actively
engaging in development of different systems for
effective monitoring of constructions. Timely moni-
toring and reviewing construction objects can sig-
nificantly help to reduce cost of repairs, especially
in case of large engineering works like towers,
bridges, dams and tall buildings.

Traditional inspection methods are mostly based
on visual examination of constructions, which
are time consuming, expensive and technically
difficult. In most cases, special equipment is

needed to perform investigation of certain facil-

ity, like scaffoldings, climbing gear and differ-
ent cranes due to hard to reach locations. With
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the development of unmanned aerial vehicles
(UAVs) the examination technique has changed
and became more time and cost efficient.

During the last few years, the use of UAVs has
increased sharply and moved from military op-
erations to commercial use for several reasons.
One of them is certainly the availability of new
technologies that help us construct flying ma-
chines for commercial use. A main role goes to
different precision sensors like the inertial mo-
tion unit (IMU) including gyroscope and acceler-
ometer, which recognize the velocity, orientation
and gravitational forces. All the data from differ-
ent sensors is gathered in the processor unit,
which with the assistance of global positioning
system (GPS) is capable of autonomous naviga-
tion without the significant need for pilot’'s man-
ual manoeuvring. Important factors in the rapid
growth of smaller UAVs are production costs of
all these sensors and the accuracy of the GPS
for commercial uses.

Application of commercial UAVs on one side sim-
plifies and improves workflow in construction ex-
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amination. However, there are many concerns and
negative reviews due to anxieties about privacy
and security invasion during the use. In most cases,
specific national administration is providing regula-
tions and rules that are often not fully adapted for
the use of UAVs, since they are primarily intended
for use of conventional aircrafts [1].

In addition to the technologies used for flying,
there are several novelties in the field of image
stabilization. Such novelties enable us to use
UAVs in construction industry for quality visual
inspection of different objects. Despite of many
advantages of UAVs, construction industry
still represents a more conventionally oriented
branch, which rather slowly incorporates new
technologies into practice.

Hereinafter, this article briefly introduces the pos-
sibilities of UAV applications in construction indus-
try. Thereupon, the paper presents the structure,
the hardware and the software system of a hexa-
copter, specially developed as the UAV for mul-
tipurpose use at construction sites as well as on
locations of existing facilities. Due to the nature of
the movement and vibrations created during the
flight, it was necessary to develop a stabilizing
system for capturing quality photos and videos.
Therefore, this paper also exposes an applicable
solution for such stabilization system which was
installed in the UAV. Finally, some actual prac-
tices and applications performed employing the
developed UAV in the field are shown at the end
of the paper.

POTENTIAL OF UAVs FOR USE IN CON-
STRUCTION INDUSTRY

In construction industry, we are often facing the
need for reviewing various structures at hard to
reach locations in order to evaluate their condi-
tion. Until recently, examination of different hardly
accessible constructions was possible with the
use of special protective equipment and various
tools for lifting, such as various scaffolds, lift-
ing platforms, mobile cranes or other inspection
tools. Some of the disadvantages of traditional
inspection approaches were the need for spe-
cially trained workers (in many cases professional
climbers) and the amount of time required for work
completion. Furthermore, a wide variety of sys-
tems or tools were necessary to review different
construction objects and, in many cases, the risk
for occupational injuries increased due to work
at height. Moreover, in certain situations, it was
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required to take the partial or complete closures
of objects into account to perform contractually
agreed works and, in general, it was necessary
to deal with the costs associated with closures.

Beside the conventional inspection methods, a
variety of different climbing robot techniques was
proposed in the past. For example climbing rope
robot with a digital camera attached for building
surface inspection [2], climbing robot for rough
vertical surfaces [3] and quadrupedal robot for
pole climbing [4]. Common to all previously men-
tioned climbing robots is a complex mechanical
design to enable movements and limited usabil-
ity due to diverse shapes of constructions that
should be examined. In addition, they usually
require considerable set up times and, in many
cases, climb slowly, so the inspection job may re-
quire quite some time.

On the other hand, different UAV systems were
proposed in literature for the aim of inspections,
e.g. for bridge inspection [5], for inspection of
pole like structures [6], for surveillance and visual
inspection [7], for outdoor inspection of building
facades [8], for power plant inspections [9] and
for monitoring structural damages [10]. Different
approaches demonstrate diverse options of using
UAVs for commercial purpose of inspection and
use in various industries including for research
purposes [11]. In spite of different technologies
used in above-mentioned UAVSs, the basic opera-
tional principles remain similar.

As has already been mentioned, the use of UAVs
spread from military fields where they were used
in various operations during the 1970s and
1980s. Over the years, a range of various types
of UAVs has increased significantly and the ex-
pansion still rapidly continues. Makers offer a
diversity of systems and currently there is no of-
ficial classification of UAVs for commercial pur-
poses. Regarding the form they can be divided
into three major groups; fixed wing aircrafts, un-
manned helicopters and multicopters [12]. Table
1 shows a comparison between different types
and their main characteristics.

Fixed wing aircrafts are suitable for greater dis-
tances due to better energy efficiency and higher
speeds. They are applicable for inspecting long,
low objects, such as pipelines or roads. Some of
the major disadvantages are the space needed
for take-off and landing procedure, which is grat-
er in comparison with other types of UAVs and
inferior handling capabilities.

Journal of Applied Engineering Science 14(2016)2
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Table 1: Comparison of UAV types and main characteristics

UAV type* Payload Range Handling Setup time Costs
FIX?d wing Good Good Poor Average Very
aircraft good
Unmanned Very Very Very Good Average
helicopter good good good
. Very Very
Multicopter Average Average good good Good

* There are also other UAV categories (airships, tilt-wing aircrafts, etc.). Types shown above are most common.

The second type of UAVs represents unmanned
helicopters that are inspired by military drones
and have sophisticated systems for different
tasks. The main benefits are the possibility of
vertical take-off and landing, extended flight
range and the possibility of carrying heavier
loads. Such UAVs are well suited for different
payload options and multipurpose use; for ex-
ample, for carrying multiple devices and sensors
at the same time on long distances.

On the other hand, they are quite expensive and
have higher maintenance costs.

The last type of UAVs used for commercial use
represents multicopters. They are possibly the
most known in industry due to many strengths.
Some of the advantages are low purchase
price, ease of manoeuvring, possibility of verti-
cal take-off and landing, low maintenance costs
and suitability for various applications. The main
deficiencies are low wind resistance, limited pay-
loads and average range due to higher energy
consumption.

Due to the nature of works in construction indus-
try, it is necessary to use a UAV with the vertical
take-off and landing abilities. In this way, the de-
cision between unmanned helicopter and multi-
copter was made in favour of the latter because
it was more affordable and easier to set up at
location. Furthermore, very good handling capa-
bilities, sufficient range and large accessibility of
components on the market have further contrib-
uted to the decision of using a multicopter.

The UAV was designed and assembled from
different components found on the market with
the guideline of maximizing possible uses in the
field. Despite numerous options for making com-
mercially useable multicopters, the basic compo-
nents and operating principles are in most cases
quite similar among the most available versions.
Over the last years, there are numerous options
of purchasing UAVs available that are ready to
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fly (RTF) directly from the box. In many cases,
they become very useful and the balance be-
tween performance and price is good.

However, in case of professional use, they are
not most suitable on account of several limita-
tions. One of the main disadvantages of RTF
models is the fact, that they are usually intended
only for single purpose use and therefore im-
provement possibilities are limited. Otherwise,
in the near future, we can expect UAVs built on
platforms, which will enable an extended multi-
purpose use.

A UAV FOR MULTIPURPOSE TASKS

Structure and hardware

The structure of developed UAV is based on a
hexacopter principle, more precisely on hexa-ro-
tor V system. One of the main reasons for select-
ing a system with six instead of four engines are
better reliability and lifting capacity in comparison
with quadcopters. Six engines and rotors enable
flying thus potential failure on one motor and pro-
vide safe landings. The latter is a key advantage
in the use of UAVs over populated areas or over
construction sites and buildings since it reduces
the percentage of collision chances. Using more
engines, for example, eight or more does not
contribute to a far greater reliability, but in most
cases represents a more costly version. Accept-
able operating and maintenance costs and pos-
sibility of vertical take-off and landing procedure
are further benefits of the UAV system that are
based on multicopter principles (for example
quadcopters, hexacopters and octocopters).

On the other hand, main disadvantages are rela-
tively low wind resistance and limited flight time
that is, in this particular case, approximately 25
minutes on average for loaded UAV. Further-
more, in some cases, operating range that is
normally up to few hundred meters may also rep-
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resent a limitation. However, that is not of crucial
importance, because national regulations often
allow only line-of-sight (LOS) of UAVs [13].

The multicopter (see Fig. 1) consists of a carbon
fiber frame and landing gears to preserve weight,
which enables longer flight times. Screws and
lifting mechanism for landing gears are made of
aluminium, also to reduce weight.

Figure 1: Multicopter for multipurpose use

The powertrain contains six efficient brushless
electrical motors, two lithium-polymer six-cell
batteries with a total capacity of 8000 mAh
(22.8 V) each and weight of approximately 2
kg combined. In order to ensure greater safety
during the flight and to extend the operating
time, two batteries are used during the flight.
Maximal absolute thrust of the UAV is 18.4 kg
and it is produced with six 45.72 cm long car-
bon fiber propellers, with the total size of 1425
mm in diameter. Aforesaid average flight time
may vary depending on the flying style, wind
and load. Total weight of the UAV prepared for
take-off is roughly 8 kg including a camera sta-
bilization system (3-axis gimbal), two batteries
and a camera with 14-42 mm lens or similar.

Another important part of the UAV is the flight
control unit (FCU), which in our case consists
of four different components; a main controller
(MC), a power management unit (PMU), a GPS
antenna and a LED light. Main function of FCU
is to process incoming signals from the remote
control (RC) via RC receiver and then communi-
cate with motor controllers (also known as elec-
tronic speed controller) as well as with brushless
electrical motors, see Figure 2.

For easier flying, there is also the inertial mea-
surement unit (IMU) which detects alignment,
barometrical altitude and accelerations of the
UAV. In combination with a GPS antenna and
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a compass, it can fly in three different modes.
First mode works with GPS, where the UAV is
positioned via satellites and is able to maintain
altitude and position in the air. This function is
useful in most scenarios while flying is relatively
easy and safe due to enabled hold position in the
air, so possible winds have smaller effect on the
movement of the multicopter. In case of lost GPS
signal, altitude mode is enabled after few sec-
onds, to prevent possible failures. Second option
of flight type is altitude mode, where UAV is con-
trolled by an altitude meter, by monitoring baro-
metric pressure and this way maintains desired
height. The third mode is manual, where the pilot
needs to control the UAV completely by himself
and without interruption of safety systems.
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Figure 2: Major components of the developed multi-
copter (components are not in scale)

Other major components are a video transmit-
ter for sending live picture from multicopter to
the pilot’s and co-pilot’s LCD screen, a three
axis camera stabilization system (also known
as gimbal) that enables smooth movements
and prevents image blur during the flight and
electric retractable landing gear for safe land-
ings. Due to powerful and efficient motors on
gimbal, it is possible to attach different cam-
eras, including infrared (IR) thermo-camera.

The multicopter can fly with a maximum
speed over 20 m/s to maximum distance or
flight altitude up to two kilometres from the
pilot if the area is open (without physical ob-
jects like trees, buildings and other barriers).
Average traveling speed is around 5 m/s and
maximum flight altitude usually does not ex-
ceed 100 meters.

Camera stabilizing system and software

Camera stabilizing systems are well known in
many different industries and during the last de-
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cades, they have become an irreplaceable tool
for aerial image and video capturing. With the
invention of camera stabilizer known as Steadi-
cam in the seventies, film industry has changed
a lot. With the development of powerful sensors
and brushless motors, the stabilizing system
significantly improved, however, the operating
principle is still the same, to stabilize the image
and prevent unwanted vibrations, shake or blur
effect. In most cases, gimbal stabilization with
brushless motors works for low (<0.1 Hz) and
medium frequencies (>0.35 Hz) and for small
(A<10°) or medium amplitudes (10°-25°). For
stabilizing higher frequencies, mechanical vibra-
tion damping needs to be used. Other possible
choices are optical and digital image stabiliza-
tion systems [14].

Operation of the UAV system is often subject to
several sources of vibrations (see Fig. 3); for in-
stance, the FCU induced by the stabilizing task of
the UAV at a constant position, vibrations gener-
ated by engine and propellers, vibrations caused
by nearly constant winds (headwind), wind gusts
and also flight manoeuvres performed by the pi-
lot. In general, vibration types can be classified
into five segments from the viewpoint of different
frequencies and amplitudes.

Lower frequency vibrations with small ampli-
tudes can be produced by stabilizing tasks, for

A

Vibrations caused by flight
MAanoeuvres

£>25°

Large

Amplitude
Medium
10-25°

L

example hovering of the UAV in the air, medium
amplitudes by aerodynamic sources, like head-
winds and large amplitudes by pilot’s manoeu-
vres of the UAV executed via remote control.
Medium frequency vibrations with small ampli-
tudes can be generated by stabilizing tasks or
by operating engine and propellers, medium
amplitudes by aerodynamic sources and large
amplitudes either by flight manoeuvres or by
unexpected strong sources, like wind gusts.
Higher frequency vibrations with small ampli-
tudes may come from engine and propellers,
medium amplitudes partly by aerodynamic
sources and large amplitudes by unexpected
strong sources.

The 3-axis gimbal applied in the UAV consists
of lightweight frame, three brushless electrical
motors for controlling pitch, yaw and roll as well
as gimbal controller with an IMU for alignments
detection, see Fig. 4. For the proper functioning
of the gimbal, it is very important that the entire
system is balanced in order to reduce the load
of individual brushless motor. Stabilizing sys-
tem operates with a proportional-integral-deriv-
ative controller (PID controller), which works as
a control loop feedback mechanism. Integral,
proportional and derivate feedback is based on
the present (P), on the accumulation of past (1)
and future prediction (D) control error [15].

Vibrations caused by unexpected
strong sources (wind gusts)

Vibrations caused by Aerodynamic
sources (headwind)

?‘2 cg Vibrations caused by stabilizing Vibrations caused by engine
& 4 tasks and propellers
-
Low Medium High
<0.1 Hz 0.1-0.35 Hz >0.35 Hz

Figure 3: Source of vibrations [14]
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Figure 5: PID controller scheme

Basic principle of the PID controller (see Fig. 5)
on gimbal is checking if the actual condition is the
same as nominal condition, than there is no need
for gimbal motors to start working. In all other cas-
es, if there is a deviation/error in any of three axes
(pitch, yaw and roll) from nominal condition, the
controller gives a signal (power) to the motors and
corrects it. The error is than multiplied by P, which
determines the output signal in Volt. The job of the
IMU is to send the error and to minimize it; how-
ever, it can never perform a complete correction
due to correlation between the smaller error and
the smaller output power.

In the end, there is not enough power to correct
the last few degrees of deviation. With the value
| a special interval is set and in this case, the sig-
nal is saved for some predefined time. All these
savings are summed up and added to the signal
(power) and calculated by the P value, so the
power never becomes too weak to complete the
correction. In many cases, there is a problem with
over correction due to too much power created
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from P and | values, which leads to oscillation. For
perfectly smooth picture in the air, there is a need
to damp the P and | reaction and that is a job for
D part from PID controller.

For a proper functioning of the stabilization sys-
tem, it is of crucial importance that the PID con-
troller values are set correctly. In our multicopter,
we were using an IMU unit with a sensor and an
accompanying software [16]. Firstly, it is neces-
sary to set up the correct orientation of the sen-
sor for all six positions. After that, it is required
to configure correct values for power and correct
number of magnetic poles. Power output values
for each motor should be set between 0 and 255,
where value 255 represents a full battery voltage
sent to a motor. The number of poles is defined by
the motor type itself, for regular brushless motors
it equals to the number of magnets. After motor
configuration, a fine-tuning is needed from P then
| and lastly D values for all three axes (pitch, yaw
and roll). Finding the right balance for PID control-
ler values takes time and numerous tests of

Journal of Applied Engineering Science 14(2016)2
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stabilization systems equipped with camera and
lens need to be performed. The values used in
our case are presented in Table 2.

After completing the settings of the stabilization
system, we arrange the Low-Pass Filter (LPF)
values for enabling smoother reaction between
the stick movement and gimbal. By increasing the
LPF value, a smoother reaction to the stick can
be achieved due to cuts of small RC errors and
jitter. To present the functioning of the stabilization
system, we installed two IMU gimbal controllers
for alignments detection, one on the bottom side
of the platform for electronics, and other on the
gimbal bellow the camera mount. With the real
time data from SimpleBGC software, we were
able to monitor values from both locations in or-
der to show the figures of angle deviation in all
three axes during the test flight in two different
frequency modes.

Operation of the previously described system built-
in the UAV was tested with (i) no stabilization, (ii)
stabilization with 3-axis gimbal and (iii) stabiliza-
tion with 3-axis gimbal including the mechanical
vibration damping system. The values presented
in Fig. 6 show angular deviation for pitch, roll and
yaw axis with no stabilization in light grey, with
the IMU controller stabilization in dark grey and
with both IMU and mechanical rubber dampers
in black colour. The left part of Fig. 6 shows low

L

frequency mode, that present slow acceleration
to the desired deviation angle and the right part
shows medium frequencies, with faster accelera-
tions.

Differences in angular deviation between low and
medium frequencies without stabilization are vis-
ible in light grey colour (pitch 32° vs. 31°, roll 29°
vs. 28° and yaw 90° vs. 95°) on account of difficult
repeatability of movements of the UAV for both
tests.

Irrespective of the latter, comparable results of
angular deviation between all three axes (pitch,
yaw and roll) were obtained. Better results (lower
angular deviation) at lower frequencies were ex-
pected, while the IMU stabilization worked better
for slower movements (dark grey colour in Figure
6).

For additional damping, rubber dampers were
used, which have also contributed to lower an-
gular deviations with their passively damping
capabilities (black colour in Figure 6). Effects of
stabilization can be seen in all three directions
in both cases (low and medium frequencies). At
lower frequencies, a 94.49 % reduction of devia-
tion with IMU was achieved in average in all three
axes and 97.42 % with both IMU plus dampers.
At medium frequencies, a 92.81 % reduction of
deviation was gained with IMU and 94.89 % with
both IMU plus dampers in average.

Table 2: Main values from SimpleBGC

Axes P I D Power No. of poles
Pitch axis 15 0,03 30 160 22
Yaw axis 4 0,02 8 120 22
Roll axis 10 0,02 19 170 14
100 90 95
90 Low frequencies Medium frequencies
= 80
E 70
-% 60
o 50
= 40
& 32 31
=0 29
é 20 28
20
10 24 12 22 10 13 05 3122 28 2,1 LS 07
0 — — e A SSaes @ .
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Figure 6: Angular deviation from gimbal in two frequencies
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INSPECTION PROCESS WITH UAV

The inspection process with UAV, which is
shown below, is common to most applications in
the field of civil engineering. Firstly, it is neces-
sary to check and analyse the construction site,
structure or area in order to locate the poten-
tial hazards. Special attention should be paid to
safety requirements of the environment (people
nearby, surrounding buildings, trees, weather
conditions, especially wind and humidity, etc.)
and the UAV status (GPS reception, condition
of components, status of batteries, motors,
RC, etc.). Secondly, it is important to make a
flight plan based on gathered information ob-
tained at the site visit, to ensure that the pilot
and the camera operator become familiar with
predefined flight path, camera sequence and
locations of image capturing, which are nec-
essary for successful work completion. When
those above-mentioned factors are in favour of
safe flying, the inspection process should begin
with the locating of the take-off point, which can
be up to few hundred meters away from the in-
specting location.

The take-off point should be on a flat surface
to avoid and reduce chances of crash. Before
flight, all vital components of the UAV must be
checked in order to minimize chances of fail-
ures. After initialization of the UAV, the pilot can
arm the aircraft and start to fly to the required
inspection point and the camera operator may
start capturing high-resolution images via re-
mote control. With the help of the image and
video transmitter, both, the pilot and the camera
operator, are able to monitor the flight via live
video transmission in order to see the desired
details and monitor the location of flight. Further-
more, the operator is able to adjust the camera
angle into the desired direction and to change
basic parameters of the camera. The captured
images are stored into an SD card and contain
GPS coordinates, so the experts are able to re-
locate them for further use; for example, when
a renewal of construction is necessary.

After the inspection process is finished, the pilot
can fly the UAV back fully automatically to the
starting point using smart features of the FCU.
The UAV can also be operated via sticks on the
RC and by the pilot himself. Post stabilization
of pictures is not necessary, due to 3-axis cam-
era stabilizing system IMU including dampers.
Modern cameras also have integrated different
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mechanisms to stabilize the picture, so chances
of blurred images are minimized. Transferred
pictures can be analysed simultaneously by dif-
ferent experts directly from their offices. This
feature represents one of the main advantages
over the traditional inspection methods.

PRACTICES AND FIELD APPLICATIONS
OF THE UAV

This section is devoted to present the applica-
bility of the developed UAV. Due to the wide
variety of possible uses, we decided to show
some of the currently most frequent ones found
in construction industry. Therefore, the continu-
ation of this paper will show the uses of UAV
that were actually performed in construction
practice, i.e. construction site monitoring, ex-
amination of constructions, IR thermography,
photogrammetry, transport applications and
marketing activities.

Construction site monitoring

One of the field applications of the UAV is the
construction site monitoring. The latter can rep-
resent a challenging task for a project manager
for several reasons, such as complexity, risk of
occupational injuries, frequency of visits, hard
to reach locations and many more. Observing
and monitoring the construction site from aer-
ial viewpoint can bring positive effects on sev-
eral segments; for example, reducing the time
needed to patrol the site, the ability to see more
details or to capture current conditions on the
construction site for subsequent use.

The construction site monitoring begins with the
flight of a multicopter equipped with a camera
and a stabilizing system that can be controlled
by an engineer. During the flight over a wide
area itis possible to control the camera and with
image transmission, live aerial picture can be
seen on the screen by the pilot and the camera
operator in real time. High-resolution images or
videos are captured from the ground by using
the radio remote control and are stored into the
camera’s hard drive for subsequent use. De-
scribed construction site monitoring certainly
cannot replace the traditional workflows but
can contribute to improve safety; for instance,
to monitor the use of protective equipment, see
Fig. 7. The main limitation of UAV-based con-
struction site monitoring is in the project com-
pletion phase, where there are difficulties with
the line of sight accessibility.

Journal of Applied Engineering Science 14(2016)2
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Figure 7: Aerial photograph of the construction site
(upper); Magnified picture to monitor the use of pro-
tective equipment (lower)

Examination of constructions

Examination of different constructions in hard
to reach locations often occurs in construction
industry. Traditional methods for inspection of
poorly accessible places may result in occupa-
tional injuries, increased costs due to the use of
scaffoldings, ladders, lifts and other protective
equipment and can cause the increased time re-
quired for work execution. Contemporary man-
ner of constructions examination is possible with
the help of modern UAVs from aerial viewpoint,
without the need to bring scaffoldings and other
protective equipment on work location, without
organizing road closures and often even without
a specialist for inspection on site, see Fig. 8.

The take off point of reviewing may start up to a
few hundred meters away from the desired point
of construction examination. In order to ensure
greater safety and precision in managing the
UAV during the flight it is recommended that in
the reviewing process the pilot and the second
operator of the camera cooperates to avoid pos-
sible faults. During the operation, both can em-
ploy live video transmission in order to see the
details and monitor location of flight. Captured
images or video clips may then be sent to differ-
ent experts with the aim of simultaneous exami-
nation of the construction state. The presented
way of examination reduces costs and time but
cannot entirely replace existing methods due to

Journal of Applied Engineering Science 14(2016)2

several limitations. One of the main drawbacks
is the fact that it is difficult to examine construc-
tions above the aircraft due to the overlapped
angle of the camera view.

Figure 8: Examination of construction of the base
station (upper); Detailed view of the construction
(lower)

IR thermography

Inspection of buildings and other objects with IR
thermography may be helpful in different fields;
two applications with UAV are presented below.
An IR thermograph camera can be used in in-
dustry as beneficial tool for quality control [17].
That particularly comes to the fore in cases of
special purpose buildings [18]. The IR cameras
have become powerful, smaller and lightweight,
so they can be used on UAVs. An IR thermo-
camera set on the UAV allows monitoring of the
object temperature at a greater distance [19].

One of possible uses is scanning for faults on
high-altitude electricity grids, which represents
one of beneficial field usages of IR thermography
performed with the UAV. At this point, locating de-
fects on electrical network can be performed by
scanning the area using the UAV equipped with
the IR thermo-camera by which the camera op-
erator is enabled to see and capture hot spots on
the wires. Eventual deficiencies may be observed
as brighter areas due to increased temperature
compared to the surrounding areas. The main
cause for higher temperature is often a damaged
cable, where energy flow is raised due
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to smaller intersection of the cable what results
in higher temperatures in the cable. The advan-
tage, in addition to the faster and easier locat-
ing of faults, is also the possibility of inspecting
electrical network without interruption of electric-
ity supply.

Another field of the UAV application is identify-
ing errors on photovoltaic panels, see Fig. 9. The
production of electricity employing photovoltaics
has become more popular and many owners as
well as managers are curious about efficiency
of their power plants. By using a UAV equipped
with an IR thermo-camera, we are able to inspect
large areas of photovoltaic power plants and to
locate possible faults as well as to identify non-
working panels. The inspection process is simi-
lar to the one mentioned above. The operator is
able to observe and locate possible errors on
panels via live streaming picture from the air and
also capture or record the area of plant. Eventual
errors can usually be seen as bright spots and
the temperature of a panel is not homogeneous.
An important issue that should be taken into ac-
count in executing the aforesaid measurements
in order to achieve precise recording is to select
a suitable scanning angle, which should be be-
tween 70 and 90 degrees. Therefore, it is often
difficult to gather such data adequately by using
a handheld operated thermo-camera.

Figure 9: Common photo of photovoltaic power plant
(upper); IR thermography review of photovoltaic
power plant (lower)
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Photogrammetry

In the construction branch, engineers are often
faced with the calculation of surfaces and vol-
umes. Many different calculation techniques ex-
ists in practice for such use. For example, one
of the widely used approaches is calculating the
volume by interpolating and summing up cross
[20]. With the emergence of powerful software
applications the photogrammetry became a use-
ful tool for measuring areas or volumes on site,
using a UAV equipped with a camera and a sta-
bilizing system.

Photogrammetry is a technique where by point-
ing the camera vertically towards the ground,
multiple overlapping photos of scanned terrain
are taken during the flight of an aircraft and pro-
cessed afterwards with suitable software, see
Fig. 10. The software locates the camera posi-
tion and orientation for each photo and thereupon
stiches and aligns the overlapping photos into a
model using a computer. After completion of this
process, a sparse point cloud model is obtained.

(upper); 3D model generated from aerial photos us-
ing the UAV (lower)

In the second step, building of a dense cloud is
necessary, which is built on the calculated depth
information for the camera in each position. The
result is a single dense point cloud, where all
gathered data is combined. Thereupon, in the
third step, a mesh is created and after remov
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ing all secondary faces leaving only the surface
to be considered in calculations, engineers are
able to close holes of a model and measure vol-
umes and areas, see Fig. 11. One of the main
limitations is light condition, where pictures tak-
ing in low light situations can cause inaccurate
measurements and errors in the model.

Figure 11: Area measurement of construction pit
(upper); Volume measurement of excavated material
(lower)

The photogrammetry can also be used in quar-
ries, where there is a need for frequent measure-
ments of stock, see Fig. 12. In the test case, we
were measuring around 110.000 m3 of different
aggregates in quarry. Stock was measured with
traditional method as well, so a direct comparison
between the results was obtained. Difference in
measurement totalled 0.28 %, what represents
minor difference and proves, that photogramme-
try can be used in large scale measurements.

In addition, speed of measurement procedure is
a key advantage of photogrammetry. Traditional
methods require about 5 working days to com-
plete this particular task, on the other side, only
2 working days were needed with the UAV. Fur-
thermore the photogrammetry can also be used
as an input to provide the data (as point cloud,
DSM, orthomosaic) for spatial analysis; for ex-
ample Geographic Information System (GIS).
GIS is a powerful tool for spatial analysis and
provides functionality to capture, store, query,
analyse, display and output of geographic infor-
mation [21].

Journal of Applied Engineering Science 14(2016)2

Figure 12: Realistic photography of quarry (upper);
3D model generated from aerial photos using the
UAV for measuring stocks (lower)

Transportation

The development of new, powerful batteries and
motors with greater efficiency enabled UAVs to
become useful for transporting lighter loads to
hardly accessible places. Recent multicopter
systems can lift up to 20 kilograms or, in some
cases even more with uprated electro motors,
larger blades and reinforced frame. First exam-
ples of logistic applications are already taking
place in Germany, where the transport company
- DHL is shipping packages to island Juits at the
edge of the Lower Saxon Wadden Sea in the
southern North Sea [22].

Figure 13. Transporting leader cable for electrical
grid
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In cases of construction site transportations, it
is clear that the UAVs cannot replace cranes or
other important lifting devices but can be used
as an auxiliary tool for the transferring lighter
objects on locations that are hard to reach. For
example, UAVs can be used for transporting the
leader cable for electrical grids in hard to reach
locations, for instance, high hills where use of
conventional helicopters are often found to be
quite expensive, see Fig. 13.

Here, UAVs may often prove to be capable
enough to suitably transport required loads to
such locations and, what should be highlighted
- they manage to do it without environment con-
tamination by exhaust gases or high noises dur-
ing the flight.

Marketing solutions

UAVs can be also used for marketing purposes
in various industries including the construction
industry. Unmanned flying machines may be ap-
plicable for project presentations as well as intro-
duction of reference objects. For example, Fig.
14 demonstrates a case of a photo presentation
of successfully finished project - railway recon-
struction [23].

Figure 14. Showing a reference object for marketing
purposes

Another possible marketing solution is sale pro-
motion of real estate projects. By using UAVs,
marketing experts are enabled to create well-
prepared visual elements, such as images or
videos for potential buyers. In most cases, mon-
ey invested in marketing pays off, particularly for
larger projects.

One of the innovative possibilities for marketing
usage of the UAVs is promoting the company
or a brand with attached advertising banner on
ropes. This type of advertising can be prohibited
in some countries; however, it normally attracts
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a lot of attention, especially in densely populated
areas. On the other hand, this kind of marketing
may constitute a potential danger to passers-by
if not adequately organized and performed. For
that purpose, it is generally advised that the UAV
is equipped with more than four rotors to ensure
greater safety and to reduce possibilities of fail-
ure.

CONCLUSION

This paper presented the UAV developed for
multipurpose tasks in construction industry. The
UAV was built as the hexacopter equipped with
hardware and software systems that enable its
multipurpose use at construction sites as well as
on locations of existing facilities. The developed
UAV was equipped with a specially designed
stabilization system to achieve high quality pho-
tos or videos. Several actual field applications of
the UAV were shown in order to demonstrate its
advantages for construction practice.

Results obtained from the UAV during the flight
showed differences in angular deviation be-
tween the bottom side of platform for electronics
and gimbal. With two IMU gimbal controllers for
alignments detection mounted and with the help
of real time data from SimpleBGC software mea-
suring was possible in all three axes and in two
different frequency modes.

The effect of stabilization was visible in all as-
pects of many testing procedures including dif-
ferent applications from a photo camera to an
IR thermo-camera. Furthermore, it was deter-
mined that the stabilization is crucial in ensuring
high quality of capturing images or taking videos
regardless to the used of camera technology.
Namely, the impact of motor vibrations, wind and
other factors can cause disturbances in image
quality that result in blurred images.

Another important finding is that the UAV can be
suitable for a multipurpose use, however it is es-
sential to take the need for its adjustments into
account. For instance, when applying different
cameras it is necessary to recalibrate stabiliza-
tion system for new weight and load distribution.
The UAV can be helpful in construction industry
on the account of cost savings, increased work
efficiency, reduced occupational accidents fre-
quency, and many more.

On the other hand, an important limitation for
more frequent use in the field can be credited to
relatively short flight time because of limited
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battery capabilities, engine’s efficiency, weather
dependence, and particularly, it is often a chal-
lenging task to implement new technologies into
a traditional, proved well-functioning system of
work activities in construction practice. Moreover,
strict regulations already established in some
countries may also represent additional barriers.
Nevertheless, in the near future, we can expect
a number of improvements of the basic compo-
nents used in UAVs, especially batteries, motors
and software, which will lead to new applications
and will overcome today’s limitations.
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