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ABSTRACT: 
 
Construction surveying consist in overall surveying works performed at every stage of the construction and use of a building 
structure. The surveyor participates in the processes of designing, direct implementation, maintenance and use, as well as demolition 
of a building structure. Advanced surveying techniques, such as laser scanning and UAV photogrammetry, are being increasingly 
used to perform the surveyor’s tasks. The aim of this research paper was to analyze the Polish legal regulations for the possibilities of 
applying the above-mentioned techniques to carry out the surveying works which are subject to the obligatory submission to public 
administration authorities. The primary focus was placed on the type of the works associated with construction surveying. The 
conducted research studies confirmed the lack of appropriate guidelines that would clearly define the scope and method of using 
laser scanning and UAV photogrammetry in construction surveying. At the same time, it was demonstrated that both these 
techniques of spatial data acquisition were sufficiently accurate to perform plane and vertical land surveys pursuant to the legal acts 
currently in force in Poland, and they can be used at selected stages of construction surveying. Finally, the authors proposed some 
solutions that would make it easier for the surveyors to use laser scanning and UAV photogrammetry in standard surveying works. 
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1. INTRODUCTION 

1.1 Construction surveying  

Construction surveying consist in overall surveying works 
performed during the implementation of all types of 
construction projects (Rozporządzenie, 1995). The surveyor is 
absolutely essential at every stage of the construction process, 
from the planning phase to the completion of the investment. 
There is a need to provide the investor with various types of 
surveying and cartographic studies (e.g. topographic or thematic 
maps), already at the stage of the initial studies and pre-project 
planning analyzes. The preparation of the investments should be 
preceded by the determination of the boundaries of the real 
property constituting the investment area (through surveying 
and legal processes related to construction surveying for real 
estate management). During the design phase, the surveyor is 
obliged to prepare a map for design purposes. If necessary, 
additional surveys are also performed, aimed e.g. at creating 
terrain cross-sections and profiles or digital terrain models 
(DTM). The construction starts when preparatory works are 
carried out on the construction site, which include the setting 
out of the structure in the field. At the construction phase, it is 
often necessary to render continuous surveying services for the 
erection and assembly of a building structure, as well as to carry 
out measurements of displacements and strains of the structure 
and its foundation. In order to complete the construction phase, 

the as-built map should be drawn up. It is a document that 
contains the information about the current spatial distribution of 
the elements of land development in the investment area. The 
as-built map is also one of the basic documents necessary for 
applying for an occupancy permit for a building structure. The 
surveyor is also obliged to assess the conformity of the erected 
building structure with the design. The surveyor's work does not 
finish at the end of the construction phase. The tasks also 
include continuous monitoring of displacements and operational 
strains to prevent possible construction disasters. The final stage 
in which the surveyor is involved is the demolition process, 
which requires the updating of the database of topographic 
objects, and of the base map as well. 
 
All the works associated with construction surveying performed 
by the surveyor require field measurements. A wide range of 
surveying instruments is used for this purpose, including total 
stations, levelers or GNSS receivers, the use of which does not 
raise any doubts in the light of the Polish laws. However, laser 
scanners and unmanned aerial vehicles equipped with non-
metric cameras are used more and more frequently for field 
surveys. It has been proven numerous times that both these 
methods are very well suited to document various types of 
objects (Pritchard et al., 2017, Han et al., 2017, Ćwiąkała et al., 
2018). Unfortunately, the Polish law is not precise in terms of 
their use in topographic surveys, the results of which are 
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submitted to the public administration bodies (the geodetic and 
cartographic documentation centers). 
 
1.2 Laser scanning 

Laser scanning is considered to be a relatively new technique of 
geospatial data acquisition, despite the fact that its history dates 
back to the 1990s. It is an active remote sensing system known 
as LIDAR (Light Detection and Ranging). The principle of 
operation of all laser scanners is similar and consists in 
measuring the distance between the field details and the device 
itself. Most frequently, the result of the scanning process is a 
point cloud. The product can be both the point cloud itself as 
the final product or its derivatives: visualizations, plans, maps, 
drawings, digital terrain models (DTM) or digital surface 
models (DSM). The term laser scanning has a very broad 
meaning. In surveying, three variants are usually used: aerial 
(ALS), mobile (MLS) and terrestrial (TLS) laser scanning, 
which are essentially different. 
 
Terrestrial laser scanners allow capturing the data on relatively 
small, single objects (e.g. buildings, structures, and their 
complexes). For this purpose, a special optical system with a 
given frequency sends a measuring beam in a specific direction, 
which is reflected from an obstacle and received as well as 
recorded by the device. As a result, the coordinates of the points 
X, Y, Z are determined in the local layout of the scanner, which 
can be transformed to any geodetic coordinate system. Laser 
imaging can be performed irrespective of lighting conditions, 
because the device most often uses radiation from the near-
infrared range. Laser scanners are usually equipped with an 
optical sensor (built-in or external camera), which also allows to 
record the RGB components of each point (Shan, Toth, 2018). 
In the case of ALS and MLS, the scanning device is mounted 
on a mobile platform (aircraft or vehicle). Therefore, in addition 
to the data recorded by the scanner, the information about the 
spatial position of the measuring instrument is saved. This is 
possible thanks to inertial (IMU) and satellite (GNSS) 
navigation (Vosselman, Maas, 2010). The mobile systems 
enable to perform efficient surveys of large areas (linear or 
surface), but in lower resolution and with lower accuracy than 
terrestrial scanners. 
 
Laser scanning is a much more efficient method of spatial data 
acquisition than any other surveying techniques. It is unrivalled 
in measuring large spaces as well as complex structures, while 
ensuring high detail and accuracy of the measurement. A point 
cloud of the surveyed object, which is the starting material for 
further documentation, is quickly obtained. Laser scanning has 
brought a new standard of the data that is used e.g. in landscape 
monitoring (Hofierka et al., 2017), recording structures and 
processes relating to geomorphology or geology (Han et al., 
2017, Goodwin et al., 2017), in architecture (Martíneza et al., 
2012) or construction engineering (Yang et al., 2017, Lõhmus 
et al., 2018). The point clouds are used to create the 3D models 
of buildings (Balawejder et al., 2016) and even entire cities 
(Hron, Halounová, 2015). Laser scanning allows to develop 
comprehensive documentation with high accuracy and detail, at 
every stage of the building's life cycle. This technique also saves 
time and minimizes costs. The above-mentioned factors result 
from the increasing popularity of laser scanning, also in the 
field of creating and updating BIM models (Volk et al., 2014, 
Frykowska, Stachelek, 2018). 
 

1.3 Unmanned aerial vehicles 

The history of unmanned aerial vehicles, commonly referred to 
as “drones”, is almost as long as of the manned aircraft. 
Nevertheless, the civilian market noticed the enormous potential 
of UAVs on a large scale not until the beginning of the 21st 
century. In recent years, the popularity of unmanned aerial 
vehicles has increased significantly. Currently, they are widely 
used in many areas of the economy, ranging from military, to 
broad civil applications - in forestry, agriculture and 
environmental protection (Torresan et al., 2017), archeology 
(Campana, 2017), construction (Eschmann et al., 2013, Ridolfi, 
2017) and geodesy (Nex, Remondino, 2014). 
 
UAVs can have various designs, shapes and sizes. There are 
many types of these devices, including: balloons, airships, 
gliders, kites, fixed wing gliders, propeller and jet engines, 
rotor-kites, single rotors (helicopters), coaxial rotors, 
quadrotors, multi-copters. In surveying, multi-copters and 
airships are most commonly used. Unmanned aerial vehicles 
can be equipped with a variety of sensors (cameras, thermal 
imaging cameras, multispectral cameras, LIDAR, SAR). 
Typical, and at the same time the cheapest, UAV applications 
are based on the images captured in the field of visible light. 
 
Compared to other methods of spatial data acquisition, UAV 
photogrammetry can be appealing due to the portability of the 
required UAV platforms, the possibility of self-designing and 
modifying the integrated sensors, the availability of user-
friendly software for data evaluation, the possibility to reach 
areas inaccessible with ground-based surveys and the relatively 
low cost. The market for photogrammetric imaging is inevitably 
heading towards full automation. It is expected that, in a few 
years, UAVs will be transformed into full-size robots, 
autonomous machines, with basic training being enough to 
control them and to analyze the data obtained by these devices. 
The UAV-based images are a rich material being the source of 
the spatial data. Typical products obtained from these data 
include: point clouds, models in the form of a grid of triangles 
or squares, or orthoimages. They are used to prepare 
cartographic documentation, to calculate the volume of earth 
masses, the analysis of displacements, modelling, etc. One of 
the most popular applications of UAVs is creating digital terrain 
models and orthophotomaps that can be used e.g. in 
construction surveying. 
 
 
2. CONSTRUCTION SURVEYING IN THE LIGHT OF 

POLISH LEGAL REGULATIONS 

The basic normative act regulating the work of land surveyors 
in Poland is the Geodetic and Cartographic Law (Ustawa, 
1989). Pursuant to Article 11 (Ustawa, 1989), construction 
surveying works may be performed only by the entities 
conducting the economic activity, after the notification of such 
work to the relevant Geodetic and Cartographic Documentation 
Center. In Poland, immediately after the Second World War, it 
was decided that special centers would be established where the 
results of surveying works would be collected. As of today, 
there is a rich collection of these data called the national 
geodetic and cartographic resource. The national geodetic and 
cartographic resource is owned by the State and it is collected in 
geodetic and cartographic documentation centers – the district 
centers, the provincial centers and in the Main Center 
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(Rozporządzenie, 2013), functioning as part of the public 
administration apparatus. 
 
Construction surveys carried out in Poland are managed by the 
district geodetic and cartographic documentation centers. The 
cooperation between the surveyor and the center at the very 
beginning involves the surveyor notifying the center about the 
surveying works to be carried out, together with the 
determination of the scope of these works, and the acquisition 
of the data necessary to carry out the works from the geodetic 
and cartographic database (e.g. the coordinates of the geodetic 
control points, the base map or the cadastral map). Having 
finished the work, the surveyor is obliged to submit the 
complete documentation to the center to verify the correctness 
of its preparation. The results of correctly performed surveying 
or cartographic work are included in the resource, and the 
materials intended for the investor/principal – usually being the 
map - are marked with an appropriate clause that they were 
included in the resource. 
 
Pursuant to §2 section 1 of (Rozporządzenie, 1995), surveys 
and construction surveying can only be performed by the 
entities who hold the necessary professional qualifications in 
the field of geodesy and cartography. There are as many as 
seven levels of qualifications specified in art. 43 of the Geodetic 
and Cartographic Law (Ustawa, 1989): 
 
1) plane and vertical land surveys, setting-out surveys and as-
built surveys; 
2) delimitation and subdivision of real estate (land) and 
preparation of the documentation for legal purposes; 
3) planimetric surveys; 
4) construction surveying; 
5) surveying of farmlands and forests; 
6) mapping; 
7) photogrammetry and remote sensing. 
 
In order to be granted such qualifications, the surveyor must 
prove to have received proper education, long and varied 
professional practice, and in the case of the qualifications of 
levels 1, 2, 4 and 5, the surveyor must also pass the state exam 
(Ustawa, 1989, Rozporządzenie, 2014a). Two levels of the 
qualifications are directly related to construction surveying. 
Depending on the size and complexity of the investment, the 
surveyor is required to hold the level 1 qualifications - plane 
and vertical land surveys, setting-out surveys and as-built 
surveys, or the level 4 qualifications - construction surveying. 
In the case of using the UAV technology, a question arises of 
the necessity to hold the level 7 qualifications - photogrammetry 
and remote sensing. 
 
Under the Regulation of the Minister of Interior and 
Administration of November 9, 2011 on technical standards of 
performance of plane and vertical land surveys as well as 
developing and submitting the results of these surveys to the 
national geodetic and cartographic resource (Rozporządzenie, 
2011b), in all geodetic works related to construction surveying, 
the geodetic measurements should be performed in a manner 
ensuring the appropriate accuracy of the location of the field 
detail in relation to the nearest points of the geodetic control, 
measurement control or setting-out control (§51 of 
Rozporządzenie, 2011b). Pursuant to §32 of (Rozporządzenie 
2011b), plane land surveys can be performed using the 
following methods: 

1) the polar method, 
2) the orthogonal method, 
3) the intersections: 
 a) angular, 
 b) linear, 
 c) angular-linear, 
4) precise positioning using GNSS. 
 
The Regulation (Rozporządzenie, 2011b) distinguishes three 
groups of field details, different in terms of the accuracy 
requirements: 
1) I group - field details unambiguously identifiable in the field, 
preserving the long-term invariability of shape and location, in 
particular: 
 
 a) boundary markers and boundary points, 
 b) survey markers, 
 c) building structures and facilities, including the 
elements of public utilities network, directly available for 
measurement, 
 
2) II group: 
 a) field details unambiguously identifiable in the field, 
whose shape and location does not preserve the long-term 
invariability, in particular: buildings structures and earthen 
structures, such as embankments, excavations, dikes, dams, 
flood dikes, ditches, canals and artificial water reservoirs, 
 b) covered building structures and facilities, including 
covered elements of public utilities network, 
 c) land development elements, in particular: parks, 
lawns, playgrounds and recreation areas, green squares, single 
trees and sports grounds; 
3) III group - field details whose unambiguous identification in 
the field is difficult and depends on the assessment of the 
person performing the survey, including: 
 a) land use contours and soil pits for the needs of soil 
classification, 
 b) watercourses and water reservoirs with natural 
shorelines, 
 c) forest divisions in forest areas and national parks. 
 
The horizontal surveys should be performed in the manner 
ensuring the determination of the location of the topographic 
point relative to the nearest points of the horizontal control and 
the measurement control with an accuracy of not less than 0.10 
m – for the field details of the first-order accuracy, and 0.30 m 
as well as 0.50 m - for the field details of the second- and third-
order accuracy, respectively. 
 
Pursuant to §36 of (Rozporządzenie, 2011b), the vertical land 
surveys can be performed using the following methods: 
1) geometric levelling; 
2) trigonometric levelling; 
3) satellite levelling; 
4) laser scanning. 
 
However, there are slightly different accuracy requirements for 
the vertical land surveys. Pursuant to §37 of (Rozporządzenie, 
2011b), they should be performed in a manner ensuring the 
determination of the elevations of the topographic points 
relative to the nearest points of the vertical geodetic control and 
the vertical measurement control with an accuracy of not less 
than: 
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1) 0.05 m - for building structures and facilities, as well as for 
the points marked in the field, 
2) ` 0.02 m - for sewers and sewage devices, 
3) 0.10 m - for earthen structures, elastic or electromagnetically 
measured underground utilities as well as points/sites unmarked 
in the field. 
 
The basic cartographic documentation in the investment process 
comprises: the base map, the map for design purposes and the 
as-built map. Pursuant to art. 2 clause 7 of the Geodetic and 
Cartographic Law (Ustawa, 1989) – the base map is a large-
scale cartographic study containing the information on the 
spatial location of: geodetic control points, record parcels, 
buildings, land use contours, classification contours, utilities 
networks, building structures and facilities, as well as other 
topographic objects and selected descriptive information about 
these objects. The map for design purposes covers the 
investment area together with a 30 meter buffer zone around it. 
It is developed on the copy of the base map, which must be 
updated by the surveyor and completed with the elements 
required for the preparation of the construction design, as 
specified in (Rozporządzenie, 1995, Rozporządzenie, 2011b). 
The geodetic as-built survey is performed to determine the 
spatial data defining the location and shape of the erected 
building structures. It forms the basis for the preparation of the 
as-built map illustrating the location and shape of the building 
structures as well as the manner of land development after the 
construction process is completed. The base map is updated on 
this basis. 
 
The base map is developed in accordance with the Regulation 
of the Minister of Administration and Digitization of November 
2, 2015 on the database of topographic objects and the base 
map (Rozporządzenie, 2015), based on the relevant data sets 
contained in: 
 
1) the database of the national register of the basic geodetic, 
gravimetric and magnetic controls – the PRPOG database, 
2) the database of the register of land and buildings (real estate 
cadastre) – the EGiB database, 
3) the database of the surveying records of the network of 
public utilities – the GESUT database, 
4) the database of the state register of the boundaries and areas 
of territorial division of the country – the PRG database, 
5) the database of the detailed geodetic controls - the BDSOG 
database, 
6) the database of the topographic objects with the detail 
ensuring the development of standard cartographic 
documentation at the scales of 1:500 - 1:5000 – the BDOT500 
database. 
 
These databases have been established in Poland since 2013 
(Balawejder, Adamczyk, Cygan, 2016) based on archival 
materials and they have been supplied and updated with the 
current results of the performed surveys. The target accuracy of 
the horizontal and vertical location of the field details is to be 
consistent with the requirements set out above and specified in 
(Rozporządzenie, 2011b). Such accuracy requirements also 
apply to all types of work related to construction surveying. 
 
Surveying technique is of secondary importance, as in 
accordance with §15 of (Rozporządzenie, 2011b), when 
performing plane and vertical land surveys, it is allowed to use 
the surveying methods, technologies and techniques other than 

those specified in the Regulation, provided that these methods, 
technologies and techniques ensure the acquisition of the 
observational data with the required accuracy, and at the same 
time, the contractor presents a description of these methods, 
technologies and techniques in the technical report, together 
with a mathematical analysis of the accuracy of the 
observational data. Such a formulated provision of law offers 
the possibility for the surveyor to apply modern techniques. 
However, in practice, due to the lack of detailed regulations, we 
encounter the problems of completing the documentation and 
specifying the qualifications of the surveyor who is to perform 
such work. 
 
 

3. LASER SCANNING IN THE LIGHT OF 
APPLICABLE POLISH REGULATIONS 

In the Polish law, laser scanning is defined as the method of 
imaging of the land surface, which consists in measuring the 
distance between an object covered by the measurement and a 
device (scanner) installed on an aircraft, a car, or a station, 
emitting and receiving laser pulses reflected from this object, 
with simultaneous determination of the spatial coordinates (X, 
Y, Z), defining the position of this device in space, and the 
direction of the laser beam at the moment of sending the pulse 
(Rozporządzenie, 2011b). Referring to both the principle of 
operation and the legal definition, a terrestrial laser scanner can 
be compared to a total station, however, the efficiency of 
capturing information by this instrument is unachievable for a 
total station, or even the most modern instruments, such as 
scanning total stations. On the other hand, total stations are 
ahead of laser scanners in terms of accuracy. Nevertheless, the 
accuracy of modern terrestrial laser scanners is very high (Table 
1) and allows to generate the final products with an accuracy of 
even a few centimeters. This accuracy is affected by all stages of 
the measurement work. First of all, the errors related to field 
measurements should be taken into account (including scanner 
accuracy, laser spot diameter, instrumental errors, nature of the 
tested object and its environment, distribution of measurement 
stations). The next step involves taking account of the accuracy 
of the merging and orientation of the point clouds at the various 
positions of the scanner. The accuracy of the georeferencing 
process of the resulting point cloud (point cloud reference to the 
national coordinate system) and the accuracy of point cloud 
processing to generate the final product are also important 
issues (Soudarissanane et al., 2011; Lichti, Licht, 2006; Cosarca 
et al., 2009). 
 

Table 1. Accuracy of selected terrestrial laser scanners 
(parameters specified by equipment manufacturers) 

 

Model 
Leica  

ScanStation 
P40 

Riegl  
VZ-
400i 

Z+F  
Imager 
5010C 

Topcon  
GLS-
2000 

Faro  
Focus 
S70 

Distance 
measureme
nt accuracy 

1,2 mm + 
10 ppm 

5 mm 
/100 m 

0,2 mm 
/10 m 

3,5 mm 
/150 m 

1 mm 
/25 m 

Angle 
determinati
on accuracy 

8” no data 25,2” 6” 19” 

3D position 
determinati
on accuracy 

3 mm/ 
50 m 
6 mm 
/100 m 

5 mm 
/100 m 

no data no data 

2 mm 
/10 m 

3,5 mm 
/25 m 

* own study based on the technical specifications of laser scanners 
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The principle of operation of aerial and mobile scanning 
systems is more complex and the achieved accuracy is lower. 
This is mainly associated with the lower accuracy of 
determining the spatial position of the scanner during the 
measurement performed in motion. Therefore, this research 
paper focuses primarily on terrestrial laser scanning. 
 
Under the provisions of (Rozporządzenie, 2011b), laser 
scanning is a method that can be used for vertical land surveys 
(measuring the elevations of the points in the vertical system of 
the national reference frame, performed in the field). In the 
present case, TLS, MLS and ALS can be all used. The data 
captured by this method make it possible to update the database 
of topographic objects with the detail which allows the 
development of standard cartographic documentation on the 
topographic relief at the scales of 1:10,000 - 1:100,000. 
However, it should be noted that the topographic data which 
has been acquired should relate to the surface area, not its 
cover. Therefore, it is important to perform the correct filtration 
of the measurement data. In Poland, DTM was developed for 
the entire country based on the data from ALS. Such data, 
characterized by the point density from 4 to 12 pts/m² and the 
mean elevation error of up to 0.2 m, is made available by the 
Main Geodetic and Cartographic Documentation Center in 
Poland. These data, however, are not regularly updated and 
have accuracy which is too low to be used in construction 
surveying. They can be useful for preliminary studies and pre-
design analyzes, though. 
 
Laser scanning is not mentioned in (Rozporządzenie, 2011b) as 
the method used for the performance of the plane land surveys, 
i.e. the measurements enabling the identification and location of 
geometric centers of point objects, the turn points of the axes of 
linear objects and the turn points of the contours of surface 
objects, in a manner that allows determining the coordinates of 
these points in the binding system of rectangular coordinates, 
and determining the shape and type of these objects. Referring 
to the accuracy and detail of the product of laser scanning, i.e. 
the point cloud (Fig. 1), omitting laser scanning as a method 
allowing to perform direct plane land surveys, seems 
groundless, especially with regard to terrestrial laser scanning. 
This method is commonly used for mapping purposes. The 
research paper (Klapa, Mitka, 2017) proves that terrestrial laser 
scanning can be successfully used to develop and update the 
base map, and consequently, the map for design purposes. The 
authors have found that the cartographic materials based on the 
TLS point cloud are a reliable source of the information about 
land and the accuracy of determining the location of the various 
map contents has been estimated at 0.02-0.03 m. It has also 
been proven that TLS is accurate enough to update the database 
of the register of land and buildings (Kwartnik-Pruc, 2015). 
Terrestrial laser scanners are also commonly used in as-built 
surveys of the existing buildings, documentation of individual 
construction stages, as well as surveys of displacements of 
building structures and land (Mukupa et al., 2017, Yang et al., 
2017, Medjkane et al., 2018). They are tools frequently used to 
create BIM models (Building Information Modeling), which are 
becoming increasingly popular, also in Poland (Volk et al 2014, 
Frykowska, Stachelek, 2018). The data collected by the laser 
scanning method are submitted to the investor. However, the 
same data are sporadically submitted to the geodetic and 
cartographic documentation centers as a result of the as-built 
surveys of the structure. 
 

It should be noted that the legislator provided for the possibility 
of performing plane and vertical photogrammetric surveys using 
the laser scanning method. The photogrammetric survey is 
understood as a measurement of land or elevation, performed on 
a terrain model created from processed aerial or satellite images 
(Rozporządzenie, 2011b). 
 

 
 

Figure 1. Point cloud as product of laser scanning 
 
Another problematic issue relates to the professional 
qualifications that should be held by the surveyor who uses the 
laser scanning method to carry out surveying and cartographic 
work, including construction surveying. Pursuant to the 
requirements set out in (Rozporządzenie, 2014a) regarding the 
type and number of works as well as the surveying or 
cartographic studies necessary to acknowledge the professional 
practice, it should be stated that it is necessary to hold the level 
7 qualifications - photogrammetry and remote sensing – in order 
to perform aerial laser scanning (Rozporządzenie, 2014a). 
Terrestrial laser scanning is not included in any scope of the 
professional practice of any of the qualifications. It should be 
added, that the broad term “laser scanning” is listed as one of 
the types of land surveys submitted to the geodetic and 
cartographic documentation centers (next to the works such as 
plane or vertical land surveys) (Rozporządzenie, 2014b). 
 
Laser scanning has been the method used in land surveying for 
over 20 years. Nevertheless, Poland does not have strict legal 
regulations that would define the manner and scope of its use. 
This is a particularly big problem when using laser scanning to 
carry out geodetic and cartographic works subject to the 
obligatory submission to the geodetic and cartographic 
documentation centers, including the works related to 
construction surveying. In Poland, there is a sort of legal chaos 
in this respect, which results in the marginalization of laser 
scanning in plane and vertical land surveys. Although the 
method is frequently used to prepare the documentation for the 
investor, the results of such measurements are very rarely used 
to develop the documentation submitted to the geodetic and 
cartographic documentation centers. 
 
 

4. UAV-BASED PRODUCTS IN THE LIGHT OF 
APPLICABLE POLISH REGULATIONS 

The idea of using the UAVs in geodetic practice emerged in 
Poland already 10 years ago. Although the unmanned aerial 
vehicles are currently perceived as authorized measuring 
instruments, the Polish surveyors do not use them on regular 
basis. A survey conducted by the “Geodeta” monthly revealed 
that in 2016, only 6% of the Polish surveying companies used 
unmanned aerial vehicles. It is worth noting that in the USA 
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this index reached 38% (Królikowski, 2017). One of the reasons 
for the relatively low interest in this technology in Poland are 
legal barriers, which limit the possibility of widespread use of 
this technology in surveying practice. The Aviation Law 
(Ustawa, 2002) quite clearly defines the rules and conditions for 
UAV flights in the Polish airspace. However, the problem is the 
Geodetic and Cartographic Law (Ustawa, 1989), which takes no 
notice of this technology at all. 
 
The cheapest, and also the most popular solution based on the 
UAV technology are devices equipped with non-metric digital 
cameras. That is the reason why this research paper focuses on 
the UAV photogrammetry. It should be noted that, in 
accordance with the policy of the government, the Polish 
economy is to specialize in unmanned aerial vehicles, and the 
Polish market offers numerous devices dedicated for 
photogrammetric purposes. Their competitive prices and a wide 
range of software for the processing of the UAV-based images 
shall result in their increasing popularity in the surveying sector. 
The photogrammetric surveys performed using unmanned 
platforms require the photogrammetric mission to be planned in 
the first place. The photogrammetric mission plan is being 
prepared taking into account the specification of the surveying 
equipment used, the characteristics of the site, and the target 
GSD (ground sampling distance). It is also necessary to 
establish and measure ground control points (GCPs) for geo-
referencing purposes. After data acquisition, the images must be 
photogrammetrically processed. This stage includes automatic 
aerial triangulation with camera calibration. As a consequence, 
it is possible to generate a digital surface model (DSM) or 
digital terrain model (DTM), which will eventually allow the 
creation of orthoimages (Fig. 2), 3D models, or will be used for 
other studies. Figure 3 illustrates a general procedure for the 
development of the typical UAV-based photogrammetric 
products. 
 

 
 

Figure 2. Orthoimages 
 
In Poland, there are some regulations in force which govern the 
development of the UAV-based photogrammetric products 
(Rozporządzenie, 2011a), but they relate to the data sets 
acquired from the aircraft or helicopters (presumably manned 
ones). These provisions had become binding before the UAVs 
started to be commonly used in surveying practice. Therefore, 
they are not adapted to the UAV-based photogrammetric 
products. Theoretically, based on the UAV-based images, the 
orthophotomap or DTM can be developed in accordance with 
the requirements specified in (Rozporządzenie 2011a). In 

practice, however, it is very difficult. It should also be noted 
that the orthophotomaps and digital terrain models are studies 
whose implementation should be submitted to the database of 
the Main Geodetic and Cartographic Documentation Center 
(Ustawa, 1989). When the imaging is commissioned by a non-
public entity, these works are not subject to the obligatory 
notification, and the data does not have to be submitted to the 
Main Geodetic and Cartographic Documentation Center. 
However, the provisions do not regulate the issue of the 
development of the photogrammetric products for the purposes 
other than supplying the databases of the orthophotomap and of 
the digital terrain model (e.g. the works subject to notification 
to the County Geodetic and Cartographic Documentation 
Centers). Theoretically, this is not prohibited by law. Pursuant 
to (Rozporządzenie, 2011b), the photogrammetric surveys (the 
measurements conducted on the terrain model created from the 
processed aerial images) can be used for the performance of the 
plane and vertical surveys, while the cartometric surveys (the 
measurements conducted on the orthophotomap) – for the plane 
land surveys. Moreover, §15 of the Regulation on technical 
standards of performance of plane and vertical land surveys as 
well as developing and submitting the results of these surveys to 
the national geodetic and cartographic resource 
(Rozporządzenie, 2011b) allows for the contractor to use any 
surveying technique for the performance of the work, as long as 
they prove that it complies with the accuracy requirements set 
out in the regulations. This is confirmed by numerous 
publications (Agüera-Vega, 2017, Benassi et al., 2017, 
Ćwiąkała et al., 2018, Puniach et al., 2018). 
 

 
 

Figure 3. Scheme for development of typical UAV-based 
photogrammetric products (Nex, Remondino, 2014) 

 
Today, UAV-based images are commonly used for mapping 
purposes. Their suitability for the development of cartographic 
studies for design purposes (Reinoso et al., 2017, Ajayi, 2018), 
as well as for the construction site 3D mapping (Vacanas et al., 
2016, Álvares et al., 2018) has been confirmed. In the 
publication (Liu et al., 2014), it is claimed that unmanned aerial 
vehicles are an effective approach to obtain information from an 
additional view and bring significant benefits to civil 
engineering. UAVs are also used for the updating of the 
cadastral data (Puniach et al., 2018), for the surveys of building 
structures (Ridolfi et al., 2017) and the documentation of their 
damage (Eschmann et al., 2013). It seems natural that the 
orthophotomap developed on the UAV-based data can form the 
basis for the development of the map for design purposes with 
reference to the land management. UAVs can also be used for 
the as-built surveys of building structures. Such studies, as well 
as the documentation of individual construction stages, are 
currently being carried out and developed at the request of 
investors. The surveyors treat the UAV-based photogrammetric 
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products as support materials. It is rarely the case that the same 
data is used to prepare the documents submitted to the database 
of the geodetic and cartographic documentation center. The 
reason is the lack of the guidelines on the use of UAVs to create 
orthophotomaps and DTMs, and to submit the results of these 
studies to the national geodetic and cartographic resource. On 
the other hand, it should be noted that the possibility of creating 
the UAV-based photogrammetric products is also limited as a 
result of the professional qualifications required in land 
surveying and cartography. It is usually necessary that the 
surveyor submitting the results of the surveys performed based 
on the UAV-based imaging to the geodetic and cartographic 
documentation center, had the level 7 professional 
qualifications (photogrammetry and remote sensing). 
 
 

5. RESULTS AND DISCUSSION 

The use of modern techniques in surveying is allowed pursuant 
to §15 of the Regulation on technical standards of performance 
of plane and vertical land surveys as well as developing and 
submitting the results of these surveys to the national geodetic 
and cartographic resource (Rozporządzenie, 2011b). This 
Regulation sets forth that when performing plane and vertical 
land surveys, it is allowed to use the methods, technologies and 
surveying techniques other than those specified in the 
Regulation, provided that these methods, technologies and 
techniques ensure that the observational data are captured with 
the required accuracy and, at the same time, the contractor 
provides a description of these methods, technologies and 
techniques, along with the mathematical analysis of the 
accuracy of the observational data, contained in the technical 
report. 
 
Laser scanning has been mentioned in the above Regulation 
only as one of the surveying methods used for the performance 
of the vertical land surveys. This method has not been taken 
into account for the plane land surveys. It is true that the term 
“laser scanning” appears on the form used for submitting 
surveying works to the geodetic and cartographic 
documentation center (next to the types of works such as plane 
or vertical land surveys) (Rozporządzenie 2014b), but it is 
possible to distinguish between the terrestrial, mobile and aerial 
laser scanning, which differ greatly with the obtained accuracy 
of the position of field details and the size of the study. Failure 
to distinguish between various types of laser scanning 
techniques results in the discrepancies in the interpretation of 
the scope of competence of the geodetic and cartographic 
documentation centers, and makes it practically impossible to 
report this type of work or submit the data in the form of a point 
cloud to the center. Terrestrial laser scanning meets the 
accuracy requirements set out in (Rozporządzenie 2011) 
regarding the acquisition of the plane and vertical data in 
construction surveying. Therefore, this particular method should 
be included in the catalogue of methods specified in the 
Regulation (Rozporządzenie, 2011b) with respect to the plane 
land surveys. This Regulation should also specify the method of 
submitting the spatial data acquired with this method to the 
geodetic and cartographic resource, because at present the 
geodetic and cartographic documentation centers refuse to 
accept the data in the form of a point cloud. Another issue that 
should be taken into account is including this technology in the 
catalogue of geodetic works required for the level 1 
qualifications - plane and vertical land surveys, setting-out 

surveys and as-built surveys. More and more companies in 
Poland are in possession of terrestrial scanners and use this 
technology in geodetic surveys. This measurement method has 
its limitations, just like any other. Therefore, it is important that 
the surveyor who uses it for construction surveying had 
experience in planning and performing surveys with a terrestrial 
laser scanner, as well as the development of the results in the 
form of a point cloud.  
 
The photogrammetric surveys performed using unmanned 
platforms are not included in the catalogue of surveying 
methods listed in (Rozporządzenie, 2011b). In Poland, there are 
some regulations in force which govern the development of the 
photogrammetric products (Rozporządzenie, 2011a), but they 
relate to the data sets acquired from the aircraft or helicopters 
(presumably manned ones). These provisions had become 
binding before the UAVs started to be commonly used in 
surveying practice and therefore they are not adapted to the 
UAV-based photogrammetric products. The use of technology 
is becoming increasingly popular in the field of surveying. The 
companies constructing drones and the software for processing 
the data acquired from UAVs are developing dynamically. 
Therefore, it is essential to prepare secondary legislation 
concerning this specific method in terms of its application in 
those surveying works, the performance of which has to be 
notified to the geodetic and cartographic documentation center. 
The final product must comply with the accuracy requirements 
for determining the location of the terrain detail set forth in 
(Rozporządzenie, 2011b). Thus, it should be provided for in 
these legal regulations that in construction surveying this 
particular method may constitute only a partial source of the 
data required to develop the map for design purposes or the as-
built map. The second issue regarding the use of the UAV 
technology for construction surveying concerns the professional 
qualifications of the surveyor who renders services for the 
investment. All these works must be submitted to the district 
geodetic and cartographic documentation center by the surveyor 
who holds appropriate qualifications, and then the resulting 
materials are to be submitted to the geodetic and cartographic 
resource. In order to gain the level 7 qualifications - 
photogrammetry and remote sensing, the surveyor must 
demonstrate the full spectrum of photogrammetric works 
performed from the board of the plane. The question that should 
be asked at this point is whether the surveyor developing an 
orthophotomap from the UAV-based data for a single building 
needs to have such an extensive experience? The software used 
to process the data acquired from the camera installed on the 
drone is largely doing it automatically. Of course, the surveyor 
must be able to correctly plan and properly perform the pass, 
plan and measure the photogrammetric control (ground control 
points), and to process the acquired data so that the results meet 
the accuracy requirements set out in (Rozporządzenie, 2011b). 
Therefore, it is worth considering dividing the level 7 
qualifications into the works performed on large areas based on 
the data acquired from the board of the plane, and those carried 
out on small areas from the board of the drone. 
 
 

6. CONCLUSIONS 

The use of modern technologies in land surveying is an 
undeniable fact. Sooner or later, terrestrial laser scanners and 
UAVs will become as common as GNSS. Therefore, there is a 
need to adapt the existing legal regulations in Poland to the 
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progress in the field of surveying techniques. First of all, these 
technologies should be included in the catalogue of permissible 
methods, and then the manner of submitting the survey results 
to the national geodetic and cartographic resource should be 
specified. The preparation of a new regulation on the 
implementation of photogrammetric surveys, or 
supplementation of the existing one with the UAV technology, 
together with the adjustment of the scope of the professional 
qualifications in this field of geodesy, should be considered. 
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