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Abstract 
 
The article explores some aspects of the use of unmanned aerial vehicles (UAVs), approaches to their classification and 
possible areas of application. The main advantages and disadvantages of using unmanned aerial vehicles of different 
types (quadcopter and aircraft type) in comparison with classical aerial photography and ground shooting are 
revealed. The features of UAV aerial photography at different stages of semi-automatic mode are considered. Aerial 
photography of a local object (land with vegetation and the building of the NULES of Ukraine building) was performed 
by a quadcopter with the subsequent acquisition of an orthophoto, a digital model, construction of a 3D image and a 
further topographic plan of scale 1:500. Surveying materials were proceeded with a specialized Pix4D program. We 
counted the time needed to perform separate stages of material processing. In this case, all stages of processing were 
performed in automatic mode, except for entering coordinates of anchor points. The main disadvantage of this program 
was the need to form a 3D model in manual mode without the possibility of phased saving. The article offers a 
classification of the main problems of using UAVs, namely: regulatory, technical and scientific. The comparative 
assessment of the use of technologies of tacheometric survey, terrestrial scanning, lidar and aerial photography with 
UAV and their use for land cover monitoring purposes was made. 
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INTRODUCTION 
 
Obtaining objective information about the 
objects of analysis and observation plays a key 
role in the process of their research. With the 
current pace of scientific and technological 
development, it is difficult to imagine which 
photogrammetric methods technologies for 
obtaining information about terrestrial objects 
will be used in the near future. Because over 
time, they become faster, more informative, 
guarantee higher quality and getting cheaper. 
Mentioned criteria can generally characterize 
the use of aerial photography on the basis of 
remote methods. 
Today, the use of photogrammetric methods is 
quite popular in various spheres of social 
development. Mainly driven by the cheapening 
of obtaining aerial photo shooting materials. 
For example, the most widespread use of UAV 
is in agriculture, construction, geodesy and land 
management, marketing, forestry, liquidation of 
emergencies, nature management, tourism and 
other spheres. 

UAVs are widely used in various areas of 
social development, solving the tasks of 
mapping, forest research (emergency 
monitoring, assessment of forest areas, 
identification of the negative events) and 
agriculture (for the purposes of accurate 
agriculture and operational mapping and 
development of digital terrain models), has a 
great importance in the field of archaeology and 
cultural heritage, including for 3D modelling 
(Remondino et al., 2011). Along with the 
reduction in the cost of the surveying process 
using such methods, software tools are rapidly 
developing that make the process of shooting 
and processing simple and automatic, which 
allows you to expand the range of users 
(costumers). 
The main problematic issues regarding the use 
of unmanned technologies in various economic 
spheres and countries remain: certification of 
equipment, accuracy of work, mode of UAVs 
use, improvement of processing technologies, 
seasonality, availability of software, ease of use 
of aircraft and processing software, adaptation 
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to different spheres of life, different standards 
and data formats, that are not compatible with 
each other, are used by UAVs manufacturers. 
Analysis of recent research and publications. 
A wide range of scholars and practitioners have 
been engaged in the issue of the widespread use 
of UAVs in various spheres of social 
development. So, Sauerbier (2012) focused on 
the economic aspects of shooting, Butenko 
(2018) on the features of UAVs of different 
types, Demir (2010), Irschara (2010), 
Remondino (2011), Wang (2007), Sauerbier 
(2010) on 3D modelling of different objects, 
Eisenbeiss (2008) focused on improving image 
orientation and camera calibration. 
However, some issues of UAV use are 
extremely relevant, namely: regulations, 
comparative evaluation of the use of different 
types of drones and aerial photography 
processing software, substantiation of economic 
aspects, unification of data formats, equipment 
certification, non-aerial photography materials 
processing technologies and more. 
The purpose of the study is to investigate the 
evolution of the use of UAVs to make aerial 
photographs for monitoring missions and other 
possible uses; comparative evaluation of the 
use of different types of UAVs, shooting 
methods and features of 3D modelling 
depending on the area of the shooting, as well 
as identifying the shortcomings and prospects 
for their further development. 
 
MATERIALS AND METHODS  
 
The study used a method of comparing 
scientific publications; own UAV and ground-
based materials; 3D modelling of building and 
vegetation objects has been performed. It has 
been performed based on the analysis of 
geometric and physical properties of images 
and their application to determine the 
quantitative and qualitative characteristics of 
the photographed objects. 
To evaluate the areas of application of UAV 
aerial photography materials, a comparative 
analysis of competitive ways of obtaining 
planning and mapping material in the 
implementation of monitoring missions was 
carried out. 
In the process of generating the initial data for 
the study, the same camera parameters were 

used on different UAVs, which was not 
calibrated for topographic purposes of aerial 
photography, but can be used to solve 
monitoring and special problems with tolerable 
error and has the following technical 
characteristics: 
• Matrix: 1′ CMOS; 
• Number of effective pixels: 20 MP; 
• Lens: Viewing angle 84°, 24 mm, f/2.8 - f/ 
11, autofocus 1 m - ∞; 
• ISO range: 
• mechanical shutter speed: 8-1/2000 s; 
• electronic shutter speed: 8-1/8000 s. 
The study was carried out by the method of 
experiment, which carried out the evaluation of 
different methods of surveying (tacheometric 
surveying and photogrammetric method of 
processing aerial photography obtained from 
UAVs) at the expense of time, number of 
stations/take-offs, area of surveying, data 
volume, time of manual and automatic 
processing, the accuracy of the final product, 
and their comparison with terrestrial scanning 
based on LiDAR technology conducted by 
other authors. 
The general process of aerial surveying and 
processing of materials obtained from UAVs 
took place in automatic and semi-automatic 
modes and includes two main stages. The first 
one is planning and conducting direct survey of 
the object. It includes: construction of the route 
by UAV software, selection of shooting 
parameters (longitudinal and transverse 
overlap, flight speed, angle of the aerial 
camera, type of shooting). The second stage 
includes linking of aerial photographs to 
increase the accuracy and create a basis for 
accuracy assessment, decoding and processing 
of survey results, namely orthophoto mosaics, 
point clouds, digital terrain model, 3D models 
and final material quality assessment 
(processing verification). 
It is worth noting that before creating a 3D 
model, in the program Pix4D, you should 
automatically classify the cloud of points into 
separate thematic groups to exclude objects that 
can create errors in further modelling and 
obtaining the final aerial photographs. 
To evaluate the comparison of the use of 
different types of drones, the main criteria that 
could determine the feasibility of their use for 
different tasks were taken into account: battery 
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capacity (time of single use is limited), 
estimated cost ($/ha), portability, ease of use (is 
involvement of specialists needed?), flight 
stability (controllability and compliance with 
the task), load capacity, launch (required area, 
location, equipment), shooting area (limitation 
of shooting area), the possibility of using 
additional equipment (photo camera or sensor), 
the scale of the resulting cartographic material, 
the use of certified aero photo camera, altitude, 
the need for GNSS reference materials for 
aerial photography. 
One of the key factors in choosing a method of 
research of the territory or the formation of 
terrain models are the time spent on the survey 
and processing of materials, which in modern 
conditions determine the methods of surveying. 
The own experiment determined the time 
required to perform all stages of processing 
aerial photography from UAVs, starting with 
the surveying (photo shooting) of terrain and 
the formation of a 3D model, the results are 
given in a percentage ratio, which generally 
allows to optimize the process of material 
processing and allows to automate the process 
of implementation and to estimate the costs of 
their implementation in different ways. We 
compared the obtained results with the studies 
of other scientists, which in percentage terms 
determined the time spent at different stages of 
work. So, we can compare the effectiveness of 
techniques of monitoring surveys conducting in 
agriculture and forestry. 
Numbers of criteria have been used to compare 
the effectiveness of a particular method when 
comparing the basic methods of terrain imaging 
(tacheometric shooting, quadcopter-type UAV 
shooting, terrestrial scanning, and LiDAR). 
These include: time of capture in hours, number 
of stations for ground-based surveying or 
UAV’s take-offs, captured area in hectares, 
amount of collected data specified in Gb, time 
required for manual and automatic processing 
of captured materials, the accuracy provided by 
each method in centimetres, relative to points 
of the State Geodetic Network; the relative 
effectiveness of the use of these methods is 
based on the time consumed per unit area 
(ha/hour). 
The study of the 3D image modelling technique 
was also carried out in an experimental way, by 

treating aerial photography shot by the UAVs 
of several types, in licensed Pix4D software. 
Such approaches allowed to obtain unified 
materials of homogeneous territory obtained in 
different ways, which provided a comparative 
evaluation of research and comparison of 
simulation results of other scientists and to 
obtain a reasonable conclusion on the 
effectiveness of different types of surveying for 
monitoring purposes in agriculture, 
construction, surveying, land management, 
marketing, forestry, emergency, nature 
management, tourism and other areas. 
 
RESULTS AND DISCUSSIONS 
 
Nowadays, photogrammetry identifies three 
main areas of research, namely, the first one 
related to the methods of mapping objects on 
the earth by images; the second - to solve 
problems of various fields of science and 
technology; the third - with technologies for 
obtaining and processing information about the 
objects under study - Earth's surface, sea shelf, 
celestial bodies, objects on the Earth's surface, 
etc. (Kupriianchyk et al., 2013). 
In addition, aerial survey is an instrument of 
geodetic work, the basis of land management of 
territories, monitoring of various crisis 
phenomena in land use. But, at the same time, 
the shooting was carried out in large areas, first 
of all because of the high cost, and because of 
the complicated and long technological process 
of photogrammetric processing. The data 
collection process required careful preparation, 
time and expense, and was only possible in 
large areas and at a clearly limited time period 
and season. 
Depending on the task, scale (large, medium 
and small) and aerial photography hardware, 
different planes were used, with different flight 
altitude limits and average speeds 
(Kupriianchyk et al., 2013). At the same time, 
images obtained by aircraft and satellites may 
not always ensure the accuracy of large-scale 
mapping, so the only way to get an image in 
1:1000 and larger scales is to use UAVs. 
The key factors that contributed to the rapid 
expansion of the use of UAVs for the purposes 
of topography were the solutions of certain 
technological problems, namely: stabilization 
of UAVs during flight en route; maintaining 
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speed during flight; straightness of the route; 
reducing the angles of the pictures. In addition, 
the key issues that significantly affect the aerial 
photography took with the above equipment 
include: flight duration and range, certification 
of cameras, sensors and laser equipment. For 
example, a standard UAV capture cycle 
involves the following steps: preparation for 
shooting, camera calibration, flight task 
formation, determination of anchor point 
coordinates (in the vast majority of GNSS 
technologies), and processing of capture 
materials, mainly in automatic or semi-
automatic mode (Hlotov et al., 2014). 
Unmanned aerial vehicles, along with cameras, 
are currently not standardized in some 
countries, i.e., their status and scope are not 
specified. At the same time, the cameras used 
for aerial photography do not meet the 
requirements of classic aerial cameras, which 
are characterized by the necessary parameters: 
depth of field, angles of field of view and 

image, focal length, resolution, and most 
importantly the permissible aberrations. 
In order to meet the requirements of 
photogrammetric surveying, UAV aerial 
photography materials have to meet certain 
conditions: ensuring the required accuracy, 
special value, cost-effectiveness compared to 
other similar technologies (Sauerbier et al., 
2012). 
Today, UAV aerial photography competes with 
such powerful measurement technologies as 
GNSS, laser scanning and classic aerial or 
helicopter photography using medium or large 
format cameras. 
In the vast majority, two types of UAVs are 
used, namely, the copter and the aircraft type. 
According to Butenko and Kulakovskyi (2018), 
the most appropriate use of multicopters is 
aerial photography of local objects with an area 
up to 20 hectares. In general, it is advisable to 
carry out a comparative evaluation of UAVs on 
many indicators (Table 1). 
 

Table 1. Comparative evaluation of the use of unmanned aerial vehicles 

Evaluation options Multicopter systems Airplane systems Classic aerial 
photography  

Autonomy 15-45 minutes 40 min-2 hours without significant 
restrictions 

Cost of shooting From $2/ha From $3/ha From $40/ha 
Portability + +/- - 
Easy to use + +/- - 
Stability in flight +/- +/- + 
Load capacity - +/- + 
Launch vertical from the catapult airfield 

Area of shooting Optimally up to 20 ha optimally up to 500-
1000 ha 

without significant 
restrictions 

Possibility of using 
additional equipment +/- +/- + 

Scale to 1:10000 from 1:500 to 1:50000 from 1:10000 
Certified aerial photo camera - +/- + 
Flight altitude up to 500 m up to 2000 m from 2000 
Working with GNSS Not possible GNSS mode is available GNSS mode is available 

   Source: Butenko and Kulakovskyi (2018) 
 
To investigate the scope of UAV, we tested the 
use of them to solve local problems, including 
aerial photography of individual land use, the 
effectiveness of their application, the quality of 
materials collected with quadcopter type UAV 
Phantom 4 during surveying of educational building 

№ 6 of NULES of Ukraine with further processing 
of materials in software and estimation of time 
spent on processing of aerial photography materials 
from UAVs of the main hourly-cost processes 
(Table 2). 
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Table 2. Estimation of time share spent on the different processing stages of aerial photography from UAVs 

The execution process Time spent, %1 Time spent, %2 
Shooting 4.1 6 

Data collection 33 3 

Setting up a project in the software 2, LPS (Leica Photogrammetry 
Suite) 4, Pix4D 

Photogrammetric condensation 11.4 4.17 
Formation of a digital model 41.2 35 

Formation of mosaic 6.9 6 
Formation of orthophoto 11.4 13 
Formation of 3D model not carried out 29 

Total 100 100 
1Time distribution according to the stages of UAV material processing using 10 images and 10 reference points (Sauerbier et al., 2012); 
2Time distribution according to the stages of own UAV materials processing using 90 pictures and 4 reference points (executed by authors). 

During the flight task, the transverse and 
longitudinal overlap corresponded to 80%, the 
flight altitude was 100 meters. The survey area 
of the study object was about 2 hectares. The 
connection between operator and quadcopter 
was stable during the whole procedure, despite 
the dense construction around the survey area. 
As a result of the flight task, about 90 high-
quality images were obtained and were used for 
further processing (Figures 1 and 2). 
 

 
Figure 1. Construction of phototriangulation network at 

UAVs surveying facility (top view) 
Source: survey and processing executed by authors  

 
Orientation has been performed in 
semiautomatic mode (photogrammetric 
condensation construction). It requires a 
qualitative set of points that are visible on the 
materials of shooting, these tasks are solved by 
many software tools (eg, PhotoModeler 
Scanner, Eos Inc; PhotoScan, Agisoft). 

 
Figure 2. Construction of phototriangulation network at 

UAVs surveying facility (side view) 
Source: survey and processing executed by authors 

 
But sometimes it is possible to use the 
automatic orientation of the shooting materials. 
It can be done if accurate shooting materials 
and coordinates of terrain points in the state 
coordinate system are not required. For 
example, in case of monitoring of crisis 
phenomena that require rapid shooting or in 
situations where it is impossible to make GNNS 
observations because of weak or absent satellite 
signal, dense construction, adverse conditions, 
etc. (Eisenbeiss, 2008). 
After the work at the location being surveyed 
has been completed, an automated cycle of 
processing of the material of shooting has been 
started in Pix4Demapper software, namely 
construction of a condensation network 
(phototriangulation), aerial image anchoring in 
the software has been carried out manually (4 
reference points and 4 control points have been 
taken by GNSS and related to the USC-2000 
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state geodetic network operating in Ukraine), 
photogrammetric image processing, formation 
of orthophoto images in appropriate scale, point 
cloud and digital terrain model (Figures 1, 2 
and 3). Figure 4 shows an example of an 
unsuccessful classification of a point cloud that 
may have resulted from a misfolded flight task. 
 

 
Figure 3. Example of automatic classification of 3D point 

cloud in Pix4D, the density is about 20 points/m2 
Source: survey and processing executed by authors 

 

 
Figure 4. Example of a poorly constructed point cloud in 

Pix4D based on 2D surveying 
Source: survey and processing executed by authors 

 
Most of the processing of aerial photography in 
special software is done in an automatic mode, 
it should be noted that processing in Pix4D can 
be carried out both by the own computer or by 
using the software developer's cloud service 
(Figures 5 and 6).  
The main disadvantage of forming a 3D model 
in this program is the need to do the work 
manually, with no possibility of correction and 
intermediate storage of objects in 3D or it can 
be done automatically, but without the 
possibility of intermediate adjustment. 
The process of constructing of such an image is 
shown on the Figure 7. Therefore, as noted 
earlier, one of the key problems that needs to be 
solved is the technical adjustment of the data 
formats of various software for the processing 
of aerial photography. 

 
Figure 5. 2D orthophoto of surveying facility 

Source: survey and processing executed by authors 
 

 
Figure 6. Automatic point cloud processing: in Pix4D 

Source: survey and processing executed by authors 
 

 
Figure 7. The process of manual processing of a point 

cloud to form a 3D model in Pix4D 
Source: survey and processing executed by authors 

 
In addition to the aforementioned software, 
which is now widely used in 3D modeling, 
Vacca (2018) with fellow scientists are 
focusing on the benefits of using VisualSfM, 
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which can be the basis for building 3D models 
of cities and 3D-GIS. This software product has 
the advantage of simplicity and efficiency over 
the widely known PhotoScan. 
As it can be seen from the Figure 4 and Figure 
8, the classification of terrestrial objects by 
Pix4D in the context of aerial photography of 
different terrains by UAVs requires an 
improvement. 
 

 
Figure 8. Features of point cloud classification when 

processing terrain objects 
Source: survey and processing executed by authors 

 
The configuration and properties of the 
surveyed objects affect the particularities of the 
flight planning process for shooting homes, 
architectural monuments, landscapes, existing 
vegetation and tree cover, linear objects, and 
more. 
To compare our survey with competing 
technologies (GNSS, topographic surveying, 
etc.), such important factors as area, limitations 
on the use of UAVs, accuracy, the possibility of 
certified use of cartographic products, the 
ability to obtain raw data must be taken into 
account. To make this comparison possible we 
made a tacheometric survey of the same object. 
After it we made a topographical plan of the 
surveyed territory (Figure 9). The results of our 

comparison can be found in Table 3. We also 
found a data of Ever Scan for the surveyed 
objects with similar parameters as ours and 
included them to the comparison. 
 

 
Figure 9. Schematic representation of the topographic 

plan of the object of study on the materials of terrestrial 
tacheometric survey 

Source: survey and processing executed by authors 
 
The main problems of using UAVs in modern 
conditions can be classified as regulatory, 
technical and scientific-technical. At the same 
time, the regulatory and legal aspects should 
include modes of use, determination of the 
class of unmanned aerial vehicle, certification 
of shooting systems. The solution to technical 
issues is to improve the software, shooting 
equipment, data formats, and the fundamental 
difference between automatic methods of 
obtaining orthophoto mosaic and accuracy of 
orthophoto plan. Instead, improving scientific 
and technological capabilities lies in creating 
new techniques for capturing and processing 
information, displaying data, and more. 

 
Table 3. Comparison of surveying methods 

Type of work Tacheometric 
surveying2 

Quadcopter UAV 
surveying2 

Terrestrial 
scanning1 LiDAR1 

Surveying time (h) 8 1 6 2 
Number of stations/ take-offs 12 1 22 1 
Surveying area, ha 1 1 1 80 
Gb data volume 0.15 0.9 6 8 
Manual processing (h) 6 1 2 2 
Computer processing (h) 16 8 1 1 
Accuracy up to 5 cm up to 10 cm up to 1cm up to 2 cm 
Total ha/hour 0.03 0.1 0.5 16 

1Based on Ever Scan materials; 
2Own surveying with a Phantom 4 quadcopter. 
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CONCLUSIONS 
 
Today, UAV is a necessary component of 
social development in the context of the study 
of territories and objects of the earth's surface 
by photogrammetric methods. They are the 
source of photogrammetric data obtained from 
professional or non-professional digital 
cameras. In addition, the ability to obtain digital 
terrain models, 3D modelling, orthophoto is 
almost automatic. At the same time, the main 
advantages of such shooting over classic aerial 
photography are the low cost, obtaining high-
resolution images and large-scale mapping 
material, the ability to explore small areas, 
conduct operational monitoring, the possibility 
of mapping crisis phenomena or poorly 
accessible objects in manual, automatic, or 
semi-automatic modes with relatively high 
accuracy. Thus, relying on our own research in 
comparison of different methods of surveying 
and planning of monitoring missions in the 
agrosphere, the most cost-effective way to 
proceed a surveying of small areas is 
tacheometric survey, but it we made only 0.03 
hectares per working hour, because the 
surveying and data processing takes a lot of 
time. So, we believe that on an area of up to 20 
hectares, but an average of not more than 100 
hectares, the most effective way of surveying is 
a drone of multicopter type. The results are not 
that accurate, but it is possible to make a job 
done 3 times faster.  
The main problems of using UAV in modern 
conditions can be classified as regulatory, 
technical and scientific, which will be solved in 
the near future. Priority should be given to the 
unification of data formats and regulation of the 
status of UAVs and the development of 
standards, increasing the battery life. It is 
possible to speak about the further 
improvement of all UAV surveying systems 
and proceeding software, namely the increase 
of accuracy in comparison with the classical 
methods of surveying, image quality and the 
final product (orthophoto, 3D models, digital 
models), speed of information processing by 
software products, which dramatically changes 
the productivity of the process and as a 
consequence reduces the cost of work by 50%. 
Even today, UAVs with two GNSS frequency 
receivers and the attachment of the centre of 

each image to the State Coordinate System are 
applied in practice, which of course affects 
their fundamentally higher cost, but allows to 
obtain an accuracy that is 5 times higher than 
the permissible value for such works. At the 
same time, the key aspect of the use of drones 
for photogrammetric purposes is the use of 
certified cameras, and accordingly the 
determination of the use of UAVs of different 
classes to solve various problems in accordance 
with the accuracy and technical requirements of 
surveying (defining the scope and technical 
requirements). 
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