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Abstract: The aim of this study was to determine the potential benefits of using UAV-based 
data to verify the accuracy of the geometry of the outlines of buildings regis-
tered in a cadastral database, and to investigate the potential use of data from 
UAV platforms in measuring the buildings.

 The authors examined whether the acquisition of data from UAVs can replace 
field measurements or only support them. The advantages and disadvantages 
of such data acquisition methods, compared with more well-established mea-
surement methods, were identified.
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1. Introduction

Nowadays, important elements of any work are its execution time and the nec-
essary financial outlays. Therefore, more efficient tools and technologies are sought 
in an effort to further improve these elements. Emerging new measurement tech-
nologies provide an opportunity to work more effectively. A necessary stage in the 
introduction of a given measurement method is to examine its suitability for a giv-
en purpose. The most important and necessary criterion to meet is to achieve the 
requisite degree of surveying accuracy. In many countries, including Poland, these 
degrees of accuracy are strictly defined by legal regulations. In some cases, legal 
regulations also list the purposes for which a given measurement method can or 
should not be used. Therefore, the authors reviewed the legal regulations in Poland 
concerning the field of geodetic measurements and cadastre. Subsequently, experi-
mental work was designed and carried out using UAVs, which are representative of 
a dynamic, rapidly developing market. The research aimed to investigate the accu-
racy of obtaining geometric data on buildings in Poland using this method.

The term “cadastral surveying” will in this study refer to measurements of 
field details which form the content of cadastral maps in accordance with the re-
quirements of the regulation [1], particularly boundary points and marks, land use 
outlines, soil map delineations, and outlines of buildings [2]. Boundary points and 
marks should be defined by the State Plane Rectangular Coordinate System (2000), 
with the root mean square error (RMSE) not higher than 0.30 m in relation to the 
points of the first-class geodetic network, based on site measurements in a way that 
guarantees the mapping of the location and shape of spatial objects and their mutual 
relationship. It is important to note that a boundary point (which is also the bound-
ary break point) defines the range of ownership of a land parcel which – according 
to the definition given in the regulation [1] – must meet the criterion of so-called 
legal homogeneity. The course of the boundaries of cadastral parcels should be con-
sidered in the technological and legal space, the coherence of which is represented 
by the area that is a common part of the technological and legal subspaces. The tech-
nological subspace is a set of boundary points, specified by surveys and appropriate 
documentation, which allows for explicit restoration of the location of boundary 
points in the field; the X, Y coordinates of such points were determined in accor-
dance with the principles of uniformity of surveying and cartographic works. The 
uniformity of surveying and cartographic works is understood as a uniform system 
of measures, a uniform state spatial reference system and a set of uniform technical 
standards. The legal subspace is a set of administrative and judicial procedures, the 
result of which is the legal approval of the established location of boundary points 
and borderlines [2]. The boundary of a land parcel may, therefore, define the scope 
of the ownership title to a given property. This means that every measurement of 
a point or boundary mark must be supported by an analysis of documentation de-
scribing the legal status of a property, as well as the documentation describing the 



Verification of the Geometrical Representation of Buildings in Cadastre... 83

parcel boundaries referred to in the regulation [3]. According to § 37 of the regu-
lation [1], data defining the parcel boundaries is obtained from site measurements 
or photogrammetric surveys; this is preceded by determining the shape of these 
boundaries only if reliable documentation defining these boundaries cannot be 
found in the National Geodetic and Cartographic Resources.

The new cadastral regulation [4], which will apply from August 2021, does not 
explicitly mention the measurement technologies used in cadastral measurements. 
The regulation included in paragraph 33 point 4 states only that boundary points are 
marked on the ground in a way that allows their measurement. The possibility of de-
termining the boundaries on the basis of aerial, satellite or orthophoto map images 
will therefore depend on first determining the border point on the ground, and then 
carrying out photogrammetric works.

According to § 39 of the regulation [1], the defining of parcel boundaries (re-
quired in the absence of reliable parcel boundary documentation) should be:

1) based on joint recommendations from parcel owners/perpetual usufructuar-
ies or from entities who manage the parcel as autonomous possessors; con-
firmed by their joint statements made in line with the protocol of determin-
ing the parcel boundaries;

2) based on the latest peaceful state of possession, provided that the state of 
possession is consistent with information contained in the available docu-
mentation describing the legal status of the parcel involved;

3) carried out after analysis of the location of boundary signs and traces, and 
after an analysis of all available documents containing information relevant 
to the entity, including statements made by the stakeholder entities and 
witnesses.

The new regulation [4] does not introduce significant changes in this respect, 
adding only in the first criterion of the joint declaration of the parties that the in-
dicated course does not contradict the information contained in the available doc-
uments on the course of the established boundaries. It is important to note that the 
application of criterion 1) requires a joint statement from the parties concerning the 
parcel boundaries, and the results of this statement are immediately recorded on 
the basis of field measurements and documented in a report prepared on site. In 
such circumstances, the application of photogrammetry seems unreasonable when 
compared with the benefits of GNSS technology. Only when it comes to criterion 2) 
may photogrammetric technology be of use in direct field measurements of the par-
ticular properties, especially of balks separating farmland, but only under the old 
regulation [1] and not now.

Taking into account the requirements for determining the location of bound-
ary points (firstly on the basis of the results of geodetic analysis of data kept in the 
National Geodetic and Cartographic Resources Database, and then – if such data 
is unavailable – on the basis of field measurements preceded by determining the 
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parcel boundaries), and secondly, the precisely defined criteria for determining par-
cel boundaries, the application of photogrammetric measurements of the location 
of boundary points seems to be a procedure which supports only the direct field 
measurements carried out by a surveyor in the presence of the stakeholders and 
immediately confirmed by the protocol prepared on site.

According to the regulation [5]:
1) boundary points and marks, as well as buildings, are field details of the so-

called group I, which require site measurement in reference to the horizontal 
geodetic reference network or the geodetic control point network, the preci-
sion of which measurements must not fall below 0.10 m;

2) the land use outlines are field details of group III, and they require site mea-
surements in relation to the points of the horizontal geodetic reference net-
work or the geodetic control points network with an accuracy of not less 
than 0.50 m.

Aerial photographs obtained from manned or unmanned aerial vehicles have 
enormous information potential, while also serving as material for objective evi-
dence. Compared to standard measurement methods, those based on photogram-
metric products are not so time-consuming and enable remote recording, enabling 
the analysis of even hard-to-reach areas [6]. Contrary to the measurement of bound-
ary points, where the appropriate legal procedure requires measurements to be 
made at a specific time in the presence of stakeholders, no such procedure must be 
followed when measuring building and land use outlines. The possibility of using 
photogrammetric technology in the measurement of land use outlines seems to be 
highly justified, especially when working on extensive agricultural areas. The effec-
tiveness of photogrammetry in measuring building outlines will be verified on the 
basis of the results of tests carried out using measurements collected by a drone.

There is no doubt that the Unmanned Aerial Vehicle (UAV) is a very useful 
system that has come to be used to solve a wide range of problems. In parallel with 
the developing technology, UAVs have begun to be used in recent years through 
integration with the Global Navigation Satellite System (GNSS) (especially real-time 
kinematic (RTK) solutions), inertial measurement units (IMU) and high-resolution 
cameras. Remote sensing has started to be used in commercial and scientific re-
search, such as digital mapping, monitoring of landslides and disasters, as well as 
monitoring and planning of agricultural land [7]. However, recently UAV solutions 
have been able to achieve centimetre-level accuracy, comparable to direct surveying 
methods, which is the reason for using drones in cadastral issues related to par-
cel boundaries [8–18]. All UAV regulations have the common goal of minimizing 
the risks to other airspace users and to both people and property on the ground. 
Furthermore, besides the clear presence of legal frameworks, market forces such as 
industry design standards and reliable information about UAVs as public goods are 
expected to shape future developments [19].
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Referring to buildings, another important source of cadastral information, stud-
ies of the accuracy of some building measurements have been carried out by Vacca 
et al. [20], in which measurements such as widths, heights, areas, and volumes have 
been taken from 3D models obtained from processing images acquired from the 
UAV system. The RMS error in the distances between the walls from the UAV are 
in the order of 6 cm for the flight (processed with Agisoft Photoscan) and 7 cm for 
the nadir flight (processed with Pix4D). The study of Kędzierski [21] shows that 
UAV imaging allows for photogrammetric block adjustment and orthomosaics – 
with a mean spatial accuracy of 0.11 m – to be made. As can be determined from 
the study [22], the accuracy of building measurements taken at a photogrammet-
ric station by stereo-digitalization (stereo measurement) of a model compiled from 
photographs of resolution GSD = 0.10 m ranges from 0.10 to 0.15 m (RMS error). This 
high degree of accuracy is a product of several factors, being additionally increased 
by the ability to identify and measure the shadowed corner of the building.

This means that UAV  photogrammetry offering the aforementioned accuracy 
can be widely used to measure land use boundaries, but it is not sufficiently precise 
in measuring boundary points and outlines of buildings. The results of studies as-
sessing the effectiveness of unmanned aerial vehicles in measuring land use bound-
aries are given in [23], where it has also been demonstrated that measurements to es-
tablish land and building records in rural areas were often made without a network, 
that is, they were measured from a balk break point or from a crossroads. Roads and 
balks often tended to change their lines, causing problems in determining the actual 
property boundaries. For example, there were a few instances of two different sur-
veyor crews working simultaneously on neighboring properties. The unfortunate 
lack of coordination and information sharing led to completely different sets of basic 
trigonometry data for the same boundary points. For this reason, the use of data 
from the Land and Building Register in ongoing works is highly difficult and often 
requires the re-establishment of the property boundaries. The study [24] consisted of 
making photogrammetric flights, processing measurements (including bundle ad-
justment in various configurations for defining projection centers of photos), direct 
georeferencing (GNSS + RTK), and typical aerial triangulation supported by initial 
exterior orientation. The results were compared with the plot boundaries. The au-
thors [24] believe that this experiment should be repeated because they suspect that 
RTK adjustments were not included in the mean projections exported to the text file.

The study [9] examines recent efforts to make the process of cadastral mapping 
more reproducible, transparent, automated, scalable and cost-effective. This is in-
vestigated by proposing the application of UAV orthoimages in conjunction with 
automated image analysis. The approach does not require prior knowledge and 
automatically detects objects from UAV orthoimages that indicate visible cadastral 
boundaries. More specifically, this study explores the transferability of boundary 
detection to UAV images and its applicability to automated delineation of objects 
demarcating visible parcel boundaries.
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As the study [10] shows, the accuracy achieved with the orthophoto map and 
the digital surface model (DSM) satisfied the applicable Polish legal requirements, 
with the maximum deviations for individual check points not exceeding 0.1 m.

In the following experiment, the authors examined whether the acquisition of 
data from UAVs can replace field measurements or only support them. Datasets 
collected using low-altitude photogrammetry are compared to GNSS RTK measure-
ments and to reference evidence datasets.

2. Experiment and Results

This section presents a measurement platform and a testing area; it also de-
scribes the experiment carried out to determine the functionality of UAV imagery 
in checking the geometrical data of buildings for cadastral needs, and to answer 
the question of whether it offers any alternative to more established measurement 
methods, including those employing GNSS technology. The experiment was con-
ducted by a research team from Warsaw University of Technology, supported by 
the MSP photogrammetry company in Podkampinos. Podkampinos is a cadastral 
district located in the Kampinos Municipality (about 40 km north-west of Warsaw); 
it is a rural area of about 3 km2, with small agricultural parcels and village buildings.

2.1. Methodology and Datasets

The study area had its cadastral records modernized (by way of an updating 
process) in order to obtain geometric data of buildings. The modernization pro-
cess took place in September 2014 and utilized the tacheometric method to mea-
sure buildings from measurement control points established using GNSS technolo-
gy. Data from UAV platforms was obtained in autumn 2015, and in February 2016 
a control measurement of building corners was conducted with the offset method 
using GNSS-RTN technology. The short lag time between the first measurement and 
the control measurement in the course of the experiment guaranteed a high level 
of probability that the buildings on which the measurements were made were not 
modified in the meantime (no improvements, Styrofoam thermal insulation, etc.).

The fixed-wing platforms were designed to collect RGB images. The images 
were taken with a Sony A7R camera equipped with an FE 2/28 lens and a CMOS sen-
sor (with dimensions of 35.8 mm × 23.9 mm and a resolution of 7380 × 4912 pixels 
(36 Mpx)). The images had a GSD of 0.03 m, with an end overlap of p = 80% and a side 
overlap of q = 60%. A total of 1660 images were collected and processed in Pix4d soft-
ware in bundle adjustment with self-calibration of the camera using 21 control and 
check points. The planned 80/60 overlap guaranteed that each potentially measured 
point could be observed in at least 6 images. The results that were obtained in this 
photogrammetric processing are described in [8]. The RMS for control points was 
calculated to be 0.018 m, 0.018 m and 0.013 m for X, Y and Z respectively, and during 
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verification of the check points, the RMS errors were 0.043 m, 0.047 m and 0.074 m 
respectively, constituting a slightly lower degree of accuracy.

Data obtained from the UAVs allowed several photogrammetric products to 
be created, such as an orthophoto map, a digital surface model, a slope map, and 
a 3D model, all of which use advanced visualization to present the results. All of 
these products could be used to facilitate surveying.

The authors [8] conducted a general analysis of the data obtained from the 
UAV platform, that is to say, the geometric data of buildings collected from 
a 3D model within multiple space intersections (X, Y coordinates), are comparable to 
those obtained in direct control measurement in the field. The authors of this paper 
carried out a control field measurement of building corners with the offset method 
using GNSS-RTN technology to prove this statement and review individual cases 
of building. The control measurement was made with a Kolida K9-T receiver with 
a manual Leica DISTO D8 rangefinder in reference to the ASG EUPOS network. The 
control measurement covered buildings located in various parts of the study area, as 
well as on the periphery of the photogrammetric works.

In Figure 1, the distribution of the control measurement is presented. Several of 
them were presented in this section as cases for discussion and analysis to ascertain 
the usefulness of UAVs in the measurement of buildings.

Fig. 1. Distribution of building corners measured with direct surveying measurements 



88 M. Karabin, K. Bakuła, R. Łuczyński

Case 1 – building on parcel 92
As can be seen in Table 1, the differences between coordinates do not ex-

ceed 30 cm, excluding point 31E. We can, therefore, assume that the measured 
building was in an unchanged state (in terms of its physical geometry in the field) 
during the process of cadastral database modernization (the updating process), us-
ing UAV and during GNSS control measurements (visualization of such data can be 
seen in Figure 2). The analysis of field drawings (Fig. 3) shows that some elements 
of the building have been changed (some walls have been rebuilt with additional 
thermal insulation). So, for this building, we can only compare the coordinates of 
some of the building’s corners, not all of them. The authors believe that only this 
type of assessment of the building condition at the time of source measurement and 
control measurement permits comparison of these data with data obtained from 
a UAV platform. Otherwise, the analysis would show discrepancies caused by phys-
ical changes occurring to objects between the source measurement time and the time 
of control measurement. For unchanged elements, this case shows that it is possible 
to use UAV measurements to obtain geometric data for buildings, as they give re-
sults comparable to those of GNSS and tachymetry.

Table 1. Comparison of coordinates obtained from cadastral database 
and from author’s GNSS control measurement

Cadastral database GNSS measurement
dX [m] dY [m] dp [m]

Point id X Y Point id X Y

22E 5 790 809.83 7 462 782.13 BD11 5 790 810.13 7 462 782.08 −0.30 0.05 0.30

23E 5 790 807.37 7 462 791.80 BD20 5 790 807.52 7 462 792.03 −0.15 −0.23 0.27

24E 5 790 803.14 7 462 790.70 BD19 5 790 803.19 7 462 790.84 −0.05 −0.14 0.15

25E 5 790 802.84 7 462 791.88 BD18 5 790 802.88 7 462 791.99 −0.04 −0.11 0.12

26E 5 790 797.95 7 462 790.59 BD17 5 790 797.85 7 462 790.62 0.10 −0.03 0.10

27E 5 790 798.24 7 462 789.45 BD16 5 790 798.15 7 462 789.43 0.09 0.02 0.09

28E 5 790 793.87 7 462 788.32 BD15 5 790 793.78 7 462 788.28 0.09 0.04 0.10

29E 5 790 794.86 7 462 784.40 BD14 5 790 794.76 7 462 784.26 0.10 0.14 0.17

30E 5 790 791.21 7 462 783.46 BD13 5 790 790.91 7 462 783.33 0.30 0.13 0.33

31E 5 790 792.68 7 462 777.72 BD12 5 790 792.52 7 462 777.34 0.16 0.38 0.41
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Fig. 2. UAV ortomosaic overlaid with cadastral map presenting parcel no. 92 (a) 
and comparison of building outlines acquired from cadastral database  

and UAV-based data (b)

 a) b)

Fig. 3. Field sketch of building located on parcel no. 92 – cadastral measurement:  
Warsaw’s West District Geodetic and Cartographic Resources (a)  

and author’s GNSS control measurement field sketch (b)

 a) b)

Case 2 – building on parcel 33/3
The analysis of another building examined shows that in some cases a change, 

that is, an improvement, in the building’s geometry occurred between the source 
data time and the time of control measurement, or that the measurements were taken 
on the building during (re)construction or before the remedial work was completed. 
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Visualization of such differences can be seen in Figure 4. The authors argue that in 
this case, the comparison of a full data bundle (with all corners measured for anal-
ysis) with data obtained from the UAV platform can be done only after a detailed 
analysis that would provide information on which particular parts of the building 
were modified. The analysis of field drawings (Fig. 5) shows those elements of the 
building have been changed.

Fig. 4. UAV-based ortomosaic overlaid with cadastral map presenting building  
on parcel no. 33/3 (a) and outlines of building acquired from cadastral database  

and UAV data (b)

 a) b)

Fig. 5. Field sketch of building located on parcel no. 33/3 – cadastral measurement: Warsaw’s 
West District Geodetic and Cartographic Resources (a)  

and author’s GNSS control measurement field sketch (b)

 a) b)
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Table 2 shows the full compatibility of GNSS control measurement and UAV 
measurement data. Both measurements presented in different colors, concerned 
a building with the same condition (geometry, insulation layers, etc.). A comparison 
of out-of-date cadastral data with the data obtained using measurements based on 
images collected with the UAV platform would wrongly point to the shortage of 
this technology. This case shows the inherent necessity to use source documentation 
analyzes and verification measurements in such a case, as in the case under investi-
gation using GNSS technology.

Table 2. Comparison of coordinates obtained from cadastral database (EGIB)  
highlighted in green or UAV photogrammetry (highlighted in blue)  

and from the GNSS control measurement of the authors (black)

Cadastral database/UAV measurement GNSS measurement
dX [m] dY [m] dp [m]

Point id X Y Point id X Y

16E 5 790 297.76 7 463 800.52 BD38 5 790 297.50 7 463 800.29 0.26 0.23 0.35

107 5 790 297.53 7 463 800.16 BD38 5 790 297.50 7 463 800.29 0.03 −0.13 0.14

17E 5 790 296.65 7 463 805.33 BD37 5 790 296.52 7 463 804.82 0.13 0.51 0.53

18E 5 790 298.41 7 463 805.74 BD36 5 790 298.44 7 463 805.28 −0.03 0.46 0.46

106 5 790 298.55 7 463 805.20 BD36 5 790 298.44 7 463 805.28 0.11 −0.08 0.13

19E 5 790 297.69 7 463 809.06 BD35 5 790 297.69 7 463 808.99 0.00 0.07 0.07

105 5 790 297.74 7 463 809.00 BD35 5 790 297.69 7 463 808.99 0.04 0.01 0.05

20E 5 790 292.00 7 463 807.81 BD34 5 790 291.91 7 463 807.92 0.09 −0.11 0.14

104 5 790 291.88 7 463 807.88 BD34 5 790 291.91 7 463 807.92 −0.03 −0.04 0.05

21E 5 790 292.75 7 463 804.46 BD68 5 790 292.60 7 463 804.39 0.15 0.07 0.17

15 5 790 286.61 7 463 803.09 BD33 5 790 286.62 7 463 803.17 −0.01 −0.08 0.08

103 5 790 286.65 7 463 803.17 BD33 5 790 286.62 7 463 803.17 0.03 0.00 0.03

14 5 790 287.74 7 463 798.21 BD39 5 790 287.74 7 463 798.24 0.00 −0.03 0.03

102 5 790 287.79 7 463 798.27 BD39 5 790 287.74 7 463 798.24 0.05 0.03 0.06

Case 3 – building on parcel 9/19
The next case studied was a building in plot 9/19. Here, the source material was 

not the data from the modernized cadastral records but from an inventory measure-
ment of the building (field sketch of post inventory survey we can see in Figure 6, 
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both with visualization of data). When the measurements were made, the building 
was already finished and ready for acceptance (building acceptance by the Con-
struction Supervision District Authority) and its geometry did not change until the 
time of the experiment.

Fig. 6. UAV orthomosaic overlaid with cadastral map presenting building on parcel no. 9/19: 
authors’ field sketch of building – post inventory measurement (a)  

and Warsaw’s West District Geodetic and Cartographic Resources (b)

a) b)

Table 3 shows the full compatibility of GNSS control measurement and UAV-
based data.

Table 3. Comparison of coordinates obtained from UAV photogrammetry  
and from author’s GNSS control measurement

UAV data GNSS measurement
dX[m] dY [m] dp [m]

Point id X Y Point id X Y

50 5 791 288.29 7463489.37 BD255 5 791 288.43 7 463 489.47 0.14 0.10 0.17

51 5 791 286.75 7463498.86 BD256 5 791 286.72 7 463 498.85 −0.03 −0.01 0.03

52 5 791 297.76 7463500.76 BD257 5 791 297.81 7 463 500.89 0.05 0.13 0.13

70 5 791 302.04 7463500.27 BD258 5 791 302.00 7 463 500.26 −0.04 −0.01 0.05

71 5 791 303.26 7463493.45 BD259 5 791 303.21 7 463 493.53 −0.05 0.08 0.10
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Case 4 – buildings on parcel 36 and 37/2
The next case study shows the potential of UAV technology to detect gross errors, 

whereby the permissible degree of accuracy has been exceeded as a result of such 
errors. The buildings were measured in 1990 as part of the process of updating the 
base map with direct field methods. The measurement was made from the sides of the 
polygon traverse with the orthogonal survey method, taking the successive sides of 
the traverse as the beginning and end of the measurement line. From some points of 
the polygon traverse, which – it is worth noting – had all sides and angles measured 
and was related to the national state geodetic network, measurement lines were drawn 
into the center of the buildings, just as in the described example. The lack of additional 
observations or verification of the measurement for this element of the traverse put the 
contractor at a risk of overlooking grave errors and failing to remove them from the 
final measurements and calculations. Visualization of differences is shown in Figure 7.

Fig. 7. UAV orthomosaic overlaid with cadastral map presenting errors maintained  
after EGIB modernization (a) and comparison of building outlines of acquired  

from cadastral database and GNSS data (b)

 a) b)

In the case described here, the UAV data alone reveals the presence of huge 
errors. To provide a final confirmation of this fact, the authors performed a trans-
formation of the source measurement coordinates from the then valid Reference 
System Warszawa 75 into the current State Reference System PUWG 2000, which 
is currently in force for 9 building corners measured in the archival work directly 
from the measurement line using the orthogonal method. The obtained differences 
between the source material and the control GNSS measurement in the location of 
points marking the building corners ranged from 2.4 to 5.8 m, which confirmed the 
presence of a significant error in the archival work. The visualization of the building 
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outlines generated from the UAV flight results and from archival data and also from 
GNSS control measurement (Figs. 7, 8) gives rise to the assertion that the error was 
most probably made in measuring the angle between the sides of the traverse and 
the measurement line (there is a noticeable rotation of terrain, with the distances 
between buildings unchanged). This error was not noticed during modernization 
process and UAV data clearly present this problem.

Fig. 8. Field sketch of building – base map updating measurement:  
Warsaw’s West District Geodetic and Cartographic Resources (a)  

and author’s GNSS control measurement field sketch (b)

 a) b)

Next, in order to learn the potential of the UAV technology, data from the UAV 
was compared with data from the GNSS control measurement, and the obtained 
differences were not greater than 15 cm (results are shown in Table 4).

Table 4. Comparison of coordinates obtained from UAV photogrammetry  
and from author’s GNSS control measurement

UAV data GNSS measurement
dX [m] dY [m] dp [m]

Point id X Y Point id X Y

125 5 790 325.01 7 463 574.66 BD45 5 790 325.05 7 463 574.67 −0.04 −0.01 0.04

124 5 790 316.10 7 463 573.57 BD40 5 790 316.12 7 463 573.46 −0.02 0.11 0.11

209 5 790 323.71 7 463 585.04 BD44 5 790 323.64 7 463 585.16 0.07 −0.13 0.14

208 5 790 314.79 7 463 583.99 BD41 5 790 314.76 7 463 583.99 0.03 0.00 0.03
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2.2. Results of Analysis and Comparison of Data on Test Object

The overall data from UAV and GNSS measurements showed that both meth-
ods are as precise as direct field measurements when used to obtain geometric data 
for buildings. The authors compared the coordinates after rejecting cases similar 
to those described above, where either massive errors were made or the buildings 
measured were changed in the period between the source data collection and the 
time of the experiment. The results of the analysis and comparisons are as follows: 
for 78 points out of the total 92 points (that is 85%), the differences obtained were 
between 0.00 and 0.16 m; for 9 points out of the 92 (10%), the differences obtained 
ranged from 0.17 to 0.25 m; for the remaining 5 points out of the 92 (5%), the ob-
tained differences were not greater than 0.25 m, and for 3 of those 5 points, the dif-
ference did not exceed 0.30 m. The average error was mX = 0.07 m, mY = 0.09 m. No 
systematic errors were found.

Fig. 9. Multiple space intersections on a 3D model (Pix4D software)

Figures 9 and 10 give a graphical representation of the method for making mul-
tiple space intersections on a 3D model. They show 3D point cloud and image rays 
on the left-hand side and several high-resolution UAV images allowing for measure-
ments or performing that such measurement is impossible due to occlusions). These 
figures show the contrast between a poor number of rays within a photogrammetric 
measurement (Fig. 9) and a high, redundant number of observations sufficient to 
guarantee the appropriate degree of accuracy (Fig. 10). Although corners are visible 
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in many images, the possible identification is not always sufficient to ensure that 
the data is correct. Corners are sometimes overshadowed or obscured by trees or 
bushes (Fig. 9). For example, the corner was visible in an average of 6.5 images out 
of the intersections made for 164 corners. The extreme values were 2 and 20. Even 
after discarding these extreme values, the average would remain close to 6.5. On the 
outlines of the photogrammetric work, a visually poorer image of the 3D model was 
obtained.

Fig. 10. Multiple space intersections on a 3D model (Pix4D software)

3. Discussion and Conclussion

The work of Kurczyński et al. [8] demonstrated that UAVs have great poten-
tial to create high-resolution and highly accurate orthophoto and photogrammet-
ric measurements. The conducted experiment confirmed that data from unmanned 
UAV platforms can be a viable alternative to traditional field measurements, as well 
as those performed with the use of GNSS satellite methods. UAVs offer a high mea-
surement potential, with a degree of accuracy close to large format photogramme-
try; they also meet the requirements for measuring cadastral data to update field 
details particularly for buildings.

The analysis of special cases and the work on the 3D model obtained from 
the UAV data shows that data from UAVs must be updated and checked against 
field measurements, as many objects cannot be measured photogrammetrically. 
Currently, legal considerations allow using UAV measurements to be applied to 
update data on the boundaries of cadastral parcels, but after setting the previous 
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parcels’ boundaries in a field by their owners. Data obtained in this way may also 
be useful in verifying the process of updating. Legal provisions, including the reg-
ulation [4], do not specify the techniques for obtaining data on field objects, but 
only regard the fulfillment of relevant precision criteria as a priority. Therefore, in 
the scope of obtaining data about buildings, the legal regulations do not restrict the 
surveyor.

A major limit to this type of work is the area from which data can be obtained, 
because only a few square kilometers can be covered in one day. In the case of forest-
ed land, traditional methods of survey are recommended and UAV surveys should 
be supported by other methods such as GNSS.
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