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ABSTRACT

Nowadays, the progress of technology covers, among other things, the development of modern techniques and high
technologies used in land surveys. Unmanned aerial vehicles (UAVs), as a good alternative to conventional land
survey techniques, have currently played an increasing role. The advantages of using unmanned aerial vehicles in
photogrammetric measurements include a relatively short mission time for large-area surveys. In addition, pho-
togrammetric products have a wider range of applications compared with conventional geodetic surveys. Many
scientific publications delve into the quality of photogrammetric products, but the accuracy of UAVs in the context
of geodetic standards has not been investigated in full. In this paper, the authors attempt to fill the observed research
gap. The research has analysed the position of objects recorded in geodetic databases referring to their counterparts
based on an accurate “true” orthophotomap from a photogrammetry campaign employing an unmanned aerial ve-
hicle. The outcomes were referenced with land survey accuracy standards set out by relevant legislation. To ensure
a smooth assessment of the result’s accuracy a computing algorithm with a module for selecting comparable points
and verifying the results was designed. The tool can be implemented in surveys carried out in any area thanks to
open-source GIS software. The analysis showed that a detailed orthophotomap delivered using UAVs can be a
valuable data source on objects recorded in geodetic databases covering selected cadastral and topographic objects
and land development components. A general verification of the accuracy and validity of a geodetic numerical map
and preliminary detection of areas for potential updates can be a particularly useful application of photogrammetry.

Keywords: UAV, orthophotomap, base map, algorithm, accuracy.

INTRODUCTION

The dynamic increase in the technology ad-
vancement level of unmanned aerial vehicles
(UAVs) and an increasingly broad range of their
application have raised interest in implementing
drones in land survey tasks. The use of UAVs
in surveys has been a current topic of numerous
scientific papers in many countries of Europe, in-
cluding Poland [1,2], Slovakia [3], Romania [4],
Germany [5-7], Croatia [8], Italy [9], Switzerland
[10], Greece [11], the Netherlands [12—15], Den-
mark [16], Spain [17-21], and in Asian countries
including China [22-26], India [27], Indonesia

[28], and North America [29-31], and in Africa:
Namibia [32], and Ethiopia [33]. Surveys were
also conducted in Australia [34-36]. Many re-
searchers describe the possible uses of drones in
areas such as real estate cadastre [37-40], land
consolidation [41], photogrammetry and remote
sensing [42], and surveying [43, 44]. A huge
advantage of UAVs used in land surveying for
high-speed photogrammetric flights maintaining
accurate and detailed land information. There-
fore, surveying with UAVs is much more viable
than using the time-consuming and less efficient
conventional surveying methods. For large-area
surveys, using UAVs can be a key condition for
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conducting the planned work such as creating
3D models of open-cast mines [45], remote sens-
ing of vegetation in urban areas [46], kinematic
analysis of maritime cliffs [47] and supporting
the processes of Building Information Modeling
(BIM) [48-53].

The real estate cadastre is another poten-
tial area to employ unmanned aerial vehicles.
Kurczynski et al. write about studies concerning
the possibility of acquiring data on the geometry
of buildings based on the orthophotomap, slope
maps and 3D terrain models generated based
on photogrammetric images retrieved using the
UAV technology [54]. Their studies compared
the coordinates retrieved from 3D models against
data derived from direct field surveys involving
GNSS techniques and a tacheometry. The analy-
ses indicate that UAV surveys can be used in ac-
quiring data on the geometry of buildings. Data
acquired using UAV technology are comparable
with the results of GNSS surveys and conven-
tional surveys. The analysis presented by the au-
thors revealed a necessity for regular updates of
data acquired by UAVs and verifying these data
against field survey results. Also mentioned was
the impossibility of conducting photogrammetry
surveys for objects shadowed or covered by other
objects [55].

In addition, Puniach et al. examined the op-
tions of using UAVSs to update the real estate ca-
dastre data for areas affected by landslides. Their
articles concluded that data acquired from UAVs
can be used in updating the real estate cadastre
and the factor affecting the accuracy of photo-
grammetric products is the number of check-
points used [56].

Crommelinck et al. presented the possibility
of using an orthophotomap for acquiring data on
cadastral boundaries using computer vision. The
authors highlighted that the existing procedures
usually require a considerable amount of time
spent on fieldwork and that many processes are
manual. They describe how the mapping process
can be improved using automated detection of the
objects’ geometry. According to surveys, object
contours are detected with an accuracy of 80%.
The authors emphasised that the approach they
had presented could considerably accelerate the
process of delineating cadastral boundaries and
updating maps [57, 58].

In their studies, Saféf et al. delve into options
of using UAV photogrammetry and laser scanning
to acquire cadastral data in the Czech Republic.
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Their research showed that both the point cloud
and the orthophotomap achieved the assumed ac-
curacy. Among the advantages of the possibility to
update cadastral maps using UAV technology, the
authors mentioned improved negotiations with
real estate owners, direct comparisons of data
sets with archival data, oblique views, the effec-
tive production of digital maps, and independent
verification of objects. In turn, the drawbacks of
this solution include the necessity to perform ad-
ditional surveys using conventional methods, ex-
pensive equipment and software, and the neces-
sity to provide training to personnel and consider
local conditions in mission planning [59].

Pyka et al. in their studies give an overview
of good practices and recommendations for plan-
ning and processing UAV images. Thus, they also
highlight the absence of publications dedicated to
the accuracy of UAV products within the meaning
of land surveying in the world reference literature
[60]. This paper is an attempt to fill the indicated
research gap.

An area in which UAVs can be used is prepa-
ration for land consolidation. Photogrammetric
flights using UAVs facilitate the efficient gen-
eration of a current large-area orthophotomap,
which can be a basic material used in the entire
land consolidation process. The orthophotomaps
can be used, among other things, for preparing
land consolidation projects and identifying differ-
ences between data acquired from a geodetic and
cartographic records centre and the current field
status. They can also provide auxiliary materials
for communication between land consolidation
contractors and participants.

The object of the research described in this ar-
ticle is a detailed assessment of the possible uses
of a UAV-based orthophotomap in updating the
geodetic spatial database resources. The research
involved objects retrieved from a geodetic and
cartographic records centre and dedicated high-
accuracy orthophotos acquired from unmanned
aerial vehicles. During the work, an automated
algorithm for selecting and comparing input data
and analysing data accuracy was designed.

The tool was implemented in the analysis of
potential uses of a digital orthophotomap for up-
dating and supplementing geodetic databases such
as EGiB (land and buildings register), BDOT500
(topographic objects database) and GESUT (utili-
ties network database) for the village of Turze
Pole, in the district of Brzozow, south-eastern Po-
land. Figure 1 shows the study area location.
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Poland

Turze Pole
village

Podkarpackie
Voivodeship

Brzozéw District

Figure 1. Location of the village of Turze Pole on the map of Poland, Subcarpathian voivodeship and the district
of Brzozow; source: PRG (State Register of Borders), authors’ elaboration

MATERIALS AND METHODS

For the needs of analyses, an orthophoto-
map generated during a photogrammetric flight
by vertical take-off and landing (VTOL) tail-
sitter Wingtra One Gen II was used. The price
of the vehicle and the software in 2022 was
about 270,000 PLN (about 60,625 EUR). The
orthophotomap was compiled by the staff of the
Subcarpathian Office of Land Surveying and
Agricultural Areas (PBGiTR) in Rzeszéw. Pho-
tographs were taken with SONY DSC-RX1RM2
cameras. Longitudinal and transverse overlap in
photograph strips was 70%. Thirty photo points
were established within the object. The total
number of photos taken as a result of flights was
5362. The whole process of the data acquisition
and processing took about 3 weeks. However,
using the orthophotomaps and automated al-
gorithms allowed to shorten the work time sig-
nificantly in comparison to traditional surveying
methods. All the photographs have been taken in
good weather and lighting conditions. Some me-
teorological factors (e.g. fog or rain) may affect
the quality of the photographs or make the flight
impossible. Technical details about the equip-
ment used and the orthophotomap produced are
presented in Table 1 below. The trajectory of the
flight, adjusted to the shape of the study area, is

Table 1. Information about the photogrammetric
mission

RMS of reprojection error 0.65 px

RMS of distances to rays 0.0205 m

3D Error 0.01m
Horizontal error X:0.0028 m; Y: 0.0057 m
Vertical error 0.0077 m

Flight altitude 120m a(bc‘(’)‘;igr?t‘;”d level

70% longitudinal overlap
70% transverse overlap

1.83cm

7952 x 5304 px
81.94 x 122.74 m

Overlap of photographs

Ground sample distance

Photograph dimensions

Photograph area ca. 10 000 m?
Flight speed up to 16 m/s
Time Interval between

ca.15s

Subsequent Photographs
Source: PBGiTR in Rzeszow.

presented in Figure 2. The precise coordinates
of terrain vertices based on the orthophotomap
were compared with the coordinates of object
vertices recorded in the district geodetic and
cartographic database maintained by the District
Centre of Geodesic and Cartographic Records
(PODGIK) in Brzozow.

The analysis covered objects from geodetic
databases such as:
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Turze:Poles

Figure 2. Trajectory of the flight; source: PBGiTR in Rzeszow

e land and buildings register — EGIB (real estate
cadastre),

e topographic objects database — BDOTS500,

e utilities network database — GESUT.

The EGIB, BDOT500 and GESUT databases
contain classes of objects making up the base
map of Poland. They are created in line with the
guidance of Directive 2007/2/EC 2007/2/EC of
the European Parliament and the Council of 14
March 2007, referred to as INSPIRE, and the
Polish Act on the Infrastructure for Spatial Infor-
mation of 4 March 2010 [61, 62]. According to
the Regulation of the Minister of Development,
Labour and Technology of 23 July 2021 concern-
ing the topographic object database and the base
map, the number of objects making up individual
databases is: EGiB — 21 objects, BDOT500 — 80
objects and GESUT — 52 objects [63].

The number of objects analysed depended on
the possibility of comparing the position of the
objects and their orthophotomap-based coun-
terparts. Thus, the main criterion for selecting
the surveyed objects was their accessibility and
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visibility. The analysis covered objects on and
above land the specific features of which made it
possible to locate their characteristic points pre-
cisely and unambiguously. In addition, it should
be emphasised that certain classes of objects from
EGiB, BDOT500, and GESUT databases were
not present in the study area. Table 2 presents
analysed classes of objects with a specification of
the surveyed object vertices in each class.

The authors analysed the following number of
object classes in individual databases: for EGiB —
1 object class, for BDOT500 — 16 object classes,
and GESUT — 7 object classes. In total, 1158 pairs
of geometrical object vertices were examined. For
the EGIB database, the analysis only covered the
vertices of stairs attached to buildings. Other ob-
jects were neglected since their outlines are usu-
ally located under the roof surface, which prevents
the specification of the precise location of char-
acteristic points. For building corners, the litera-
ture proposes a solution involving the use of a 3D
model generated based on photogrammetric data.
In view of the fact that the object of study was
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Table 2. List of object classes covered by the analysis

Database Class of objects Number of objects

Egib Stairs 31
Protective barrier 16

Gateway 58

Pavement 42

Gate 43

Other structure 77

Other land use object 33
Carriageway 70

BDOT500 Curb i
Permanent fence 87

Culvert 69

Roadside ditch 62

Stairs in a passageway 15

Retaining wall 20

Lawn 13
Watercourse 20

Still water 6

Drain 27

Lamp post 21
Overground cables post 116

GESUT | Gas cabinet or container 16
Water well 157

Sewage well 83

Power cabinet or
container 45

the orthophotomap only, the above solution was
not considered in this analysis. The following ob-
jects were selected from the BDOTS00 database:
protective barrier; gateway; pavement; gate; other
structure; other land use object; carriageway; curb;
retaining wall; permanent fence; culvert; canopy;
roadside ditch; stairs in a passageway; lawn; wa-
tercourse, and still water. As regards the GESUT
database, the following objects were qualified for
analysis: drain, lamp post, gas cabinet or contain-
er, water well, sewage well, power cabinet or con-
tainer, and overground cables post.

To ensure maximum objectivity of poten-
tial results and their practical application in land
surveying, the assumptions of the analysis were
based on accuracy standards in force in Poland,
defined for individual objects from the geodetic
databases EGiB, BOT500, and GESUT. The
Regulation of the Minister of Development of
18 August 2020 on technical standards for topo-
graphic surveys and developing and transferring
the results of these surveys to the state geodetic

and cartographic resource identified three groups
of terrain details to satisfy the following accura-
cies with reference to the horizontal geodetic or
measurement control network: 0.10 m — for group
I terrain details; 0.30 m — for group II terrain de-
tails, and 0.50 m — for group III terrain details
[64]. Terrain details from Group I include bound-
ary markers and points, survey markers, and over-
ground building structures and facilities, includ-
ing overground elements of the utility network.
Group II comprises earth structures and facili-
ties and artificial water reservoirs, underground
building structures and facilities, including un-
derground utilities and land use elements includ-
ing parks, green squares, lawns, playgrounds etc.
Group III of terrain details includes the following
objects: land use contours, soil pits, watercourses
and water reservoirs, and forest divisions [64].
Surveying accuracy is defined by determining
the point position error characterising measure-
ments of various terrain details. According to the
adopted assumption of the relative stability of or-
thophotomap accuracy, the examined accuracy of
the vertices position of objects from geodetic data-
bases was referenced to the position of their ortho-
photomap-based counterparts. The measure of sur-
veying accuracy was the mean point position error
calculated according to the following formula:

_ \[Z?=0(XMZL'_XORTOi)z"‘(YMZi_yORTOi)Z (1)
o= n

where: ¢ — mean point position error (RMSE, i.e.
root-mean-square error), X, ., Y, — XY
coordinates of the i-th point according to

the geodetic database, X 0. Yorroi — XY
coordinates of the i-th point according to
the orthophotomap, n — number of obser-

vations [65].

To effectively calculate the mean vertices
position errors for each of the surveyed object
classes, a uniform computing algorithm was de-
signed as a universal automated tool for use in
various calculations in any research area. This
proprietary algorithm, created using the “Model
designer” device available in QGIS program, was
adapted as a geoprocessing algorithm model sup-
ported by QGIS 3.32. Figure 3 shows a user view
of the tool’s window.

To initiate the tool’s operation, relevant input
data need to be indicated for the model, including
the geometric points of object vertices from geo-
detic databases recorded in base maps and their
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Q Accuracy Analysis

Parameters Log

Maximum matching range

| 2.000000

Points from geodetic databases

| * Geodetic DB points [EPSG:2178]

Points from ortophotomap

| " Ortophotomap points [EPSG:2178]

Accuracy analysis

‘[Create temporary layer]

V| Open output file after running algorithm

[ 0%

\ Cancel

| Advanced ~ | Run as Batch Process...l I Run | \

Close

Figure 3. Window of the developed computing algorithm

orthophotomap-based counterparts. Depending
on the assumptions, it is also necessary to indicate
the search radius for the corresponding points of
both input layers, point coordinates derived from
the orthophotomap, and define the search buffers
for potential pairs of points. Figure 4 contains a
simplified flow chart illustrating the operation of
the algorithm.

If the input is correct, the tool’s operation can
be initiated. First, the program preselects unique
object vertices from geodetic databases forming
potential pairs with points identified based on the
orthophotomap. To ensure the reliability of the
analysis, the points on the orthophotomap need to
be identified and verified by an expert. Using au-
tomatic unsupervised classification methods may
lead to misinterpretations due to similarities be-
tween the geometries of particular objects of the
databases. If an unambiguous correlation between
the vertices’ position of the corresponding objects
is achieved, subject to the maximum search dis-
tance, a pair of points is created. Unpaired points
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are not further analysed. Next, the distance be-
tween points is calculated for individual pairs.
The outcomes are compared with the applicable
accuracy standards for each surveyed object
class. Finally, the aggregated statistics regarding
position differences of the corresponding vertices
are computed for respective object classes.

RESULTS

Table 3 presents the results of the analysis
of the vertices position accuracy for particular
object classes, understood as root-mean-square
error (RMS). The surveyed objects were classi-
fied according to the accuracy of terrain details
determining the applicable surveying accuracy
standard [64].

Yellow denotes the mean error in excess of
the value indicated in the Regulation. Green de-
notes mean point position error meeting regula-
tory standards.
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ORTO ‘ EGiB ’ GESUT
BDOT500 ‘

4 A

Mark measuring
points

Select layers

v

Extract vertices

Y

Compare locations

Yes No
A 4 A

Match points

v

Calculate distances

v

Compare
distances with the
standards

Output table

Figure 4. Operating principle of the automated
computing algorithm for determining the mean
vertices position error for individual classes of objects

Reject points

In accuracy group 11, the class of objects “wa-
tercourse” satisfies the required accuracy of 0.50
m. For “still water” the acceptable limit of error
was insignificantly exceeded. However, it should
be noted that the boundaries of water reservoirs
and watercourses are subject to natural changes
due to weather and anthropogenic factors etc.
Three out of four surveyed object classes in ac-
curacy group II, for which the standard is 0.30 m,
do not meet the minimum accuracy requirements.
The RMS was particularly high for ‘roadside
ditch’ and ‘culvert’. Similar errors may be due to
a technical correlation between facilities reflected
by a topological relation. In contrast, the low error
value for ‘lawn’ may be due to the common rela-
tionship between the geometrical vertices of lawns
and the vertices of adjacent objects from a higher
accuracy group such as pavement, carriageway or

curb. For accuracy group I in which 19 classes of
objects were analysed, the maximum error limit of
0.10 m was achieved for nine classes. The highest
mean error value was recorded for ‘other struc-
ture’. The result can reflect the variety of possible
object types in this class due to which there are
no unambiguous methods for measuring the ge-
ometry. The error value was also particularly high
for ‘power cabinet or container’. This case is dis-
cussed in detail hereinafter.

Figure 5 shows mean point position errors
for the surveyed object classes from accuracy
groups, specifying the acceptable limit of error
for surveys. The blue circle denotes the area of
acceptable position errors for objects from group
I of terrain details (0.10 m), the orange circle —
objects from group II of terrain details (0.30 m),
and green marks the required surveying accuracy
for group III of terrain details. The predominant
part of the surveyed object classes, including 17
out of 19 surveyed object classes from the high-
est accuracy group, does not exceed the RMSE
of 0.20 m. Despite exceeding applicable limits,
most likely due to the presence of geometric data
acquired using methods not compliant with the
contemporary standards and local constraints on
orthophotomap accuracy, spatial consistency be-
tween the geodetic databases and the orthopho-
tomap content can be seen at the general analy-
sis level. This may be a basic assumption for the
concept of delimiting potential areas in need of
updating the contents of numerical maps as the
local extremes of object vertices position errors
with reference to the orthophotomap.

The aggregation of accuracy characteristics
according to object classes using the mean error
function is only a general indicator of the expect-
ed surveying accuracy. To specify the results, the
distribution of position errors of the surveyed ver-
tices for individual object classes was analysed.
For each of the surveyed object classes, Table 4
gives a cumulative percentage share of vertices
achieving individual position error limits in the
overall number of object vertices representing
the specific class. Green denotes the percentage
of vertices with position errors equal to the stan-
dard applicable to the relevant accuracy group or
lower. The red values point to the occurrence of
objects with position accuracy not satisfying re-
spective standards. The acceptable position error
limit is, in addition, marked by a red line.

Only three out of 24 surveyed object classes
(pavement, gas cabinet or container, and lawn)
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Table 3. Analysis of analysed object vertices position accuracy

Group | Group Il Group Il

Accuracy standard: 0.100 m Accuracy standard: 0.300 m Accuracy standard: 0.500 m
Object RMS [m] | Object RMS [m] | Object RMS [m]
Protective barrier 0.054 | Other land use object 0.312 Watercourse 0.383
Gateway 0.123 | Culvert 0.423 Still water 0.526
Pavement 0.037 | Roadside ditch 0.452
Gate 0.107 |Lawn 0.070
Other structure 0.225
Carriageway 0.049
Drain 0.096
Curb 0.048
Lamp post 0.157
Retaining wall 0.114
Permanent fence 0.097
Stairs in a passageway 0.079
Stairs 0.143
Overground cables post 0.166
Gas cabinet or container 0.117
Water well 0.151
Sewage well 0.096
Power cabinet or container 0.221

050 —

\

0.45 \\\
0.40 \\

+ |
0.35 + -

0.30

\\ + I group
\ +1II group

4 \ +1II group

0.20

0.05

0.00 ' -
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

RMS(x)

Figure 5. Mean position errors of the surveyed object classes in the geodetic databases EGiB, BDOT500,
and GESUT with reference to their orthophotomap-based counterparts
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Table 4. The cumulative percentage of position error limits in relation to the orthophotomaps for the surveyed

objects from geodetic databases

Error [m]: 0.05 | 0.10 | 0.15 | 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.80 | 1.00

Protective barrier 6% 81% | 94% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Gateway 9% | 40% | 71% | 79% | 93% | 100% | 100% | 100% | 100% | 100%
Pavement 14% | 86% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Gate 0% 35% | 63% | 88% | 100% | 100% | 100% | 100% | 100% | 100%
Other structure 0% 8% 32% | 53% | 77% | 88% | 99% | 99% | 100% | 100%
Carriageway 10% | 79% | 97% | 99% | 100% | 100% | 100% | 100% | 100% | 100%
Drain 4% 59% | 89% | 93% | 96% | 100% | 100% | 100% | 100% | 100%
Curb 29% | 87% | 90% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Lamp post 0% 38% | 52% | 71% | 90% | 100% | 100% | 100% | 100% | 100%
Permanent fence 0% 39% | 76% | 90% | 99% | 100% | 100% | 100% | 100% | 100%
Stairs 3% 45% | 81% | 87% | 94% | 97% | 97% | 97% | 100% | 100%
Stairs in a passageway 0% 67% | 87% | 93% | 100% | 100% | 100% | 100% | 100% | 100%
Overground cables post 1% 21% | 43% | 72% | 89% | 98% | 99% | 99% | 100% | 100%
Water well 9% 43% | 66% | 78% | 92% | 97% | 99% | 99% | 100% | 100%
Sewage well 2% 55% | 78% | 90% | 98% | 100% | 100% | 100% | 100% | 100%
Power cabinet or container 4% 31% | 49% | 76% | 89% | 91% | 93% | 96% | 98% | 100%
Gas cabinet or container 0% 40% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Retaining wall 0% 45% | 65% | 75% | 100% | 100% | 100% | 100% | 100% | 100%
Other land use object 0% 6% 27% | 48% | 70% | 85% | 91% | 91% | 94% | 97%
Culvert 0% 13% | 23% | 30% | 46% | 65% | 77% | 87% | 91% | 96%
Roadside ditch 2% 2% 10% 18% | 39% | 52% | 69% | 79% | 95% | 98%
Lawn 0% 38% | 92% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Watercourse 0% 0% 0% 15% | 55% | 65% | 80% | 90% | 95% | 100%
Still water 0% 0% 0% 33% | 33% | 50% | 50% | 50% | 83% | 100%
Total: 4% 37% | 60% | 74% | 86% | 92% | 96% | 97% | 99% | 100%

0 300 600m
L1 1

Compared points, exceeding the maximum error limit by:
0.0 m (not exceeding)
0.0-0.1m
0.1-0.3m

® 03-05m
® 05-1.0m
® above1l.0m

[ border of the Turze Pole village

Figure 6. Distribution of vertices errors of objects in geodetic databases in reference to the orthophotomap
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contained no objects positioned in reference to
the orthophotomap beyond the applicable stan-
dard. For ten classes of objects from various
groups, more than 50% of the surveyed objects
achieved the accuracy standard in reference to the
orthophotomap. Simultaneously, for 18 classes
of objects, including 15 classes from the highest
accuracy group, more than 75% of the surveyed
objects featured the position error not exceeding
the applicable limit increased by 0.10 m. There-
fore, the relatively rare cases of exceeded accept-
able position error limit by more than 0.30 m,
constituting about 14% of the analysed samples,
should be considered potential local signs of ob-
solescence of the contents of geodetic databases
which require special verification. The spatial dis-
tribution of values of the calculated errors in the
studied village is presented in Figure 6.
Acrelatively high correspondence between the
position of the surveyed vertices and the ortho-
photomap was recorded in areas adjacent to the
main transport axes of the village and concentrat-
ed around their junction, in the central part of the
village. The noticeable clusters of points exceed-
ing the applicable maximum surveying error are
mostly located in the southwest and southeast of
the village. To maximise objective assessment of
the location of clusters of points with the highest
error values in reference to the orthophotomap,

0 300 600m
(I

the output data file was visualised as a heatmap,
with the visibility of the surveyed vertices lim-
ited to points exceeding the position error for the
given accuracy group by more than 0.30 m and
taking as weight €-0.30, where ¢ denotes the dif-
ference between the position of the point on the
numerical map and its position on the orthopho-
tomap. The cartographic visualisation prepared
using this method is presented in Figure 7.

The light-coloured areas in the figure above
are clusters of points with position discrepancies
between the geodetic database and the ortho-
photomap exceeding 0.30 m. This cartographic
visualisation method facilitates the preliminary
delimitation of areas requiring special control and
potential correction of the measurement of terrain
details. The area with the highest concentration
of potential position errors, as seen in the figure
above, is additionally depicted as a detail indicat-
ing the location of the surveyed vertices showing
a position mismatch and the value exceeding the
acceptable surveying error limit.

A general analysis of the spatial distribution
of object position mismatch between the geodetic
databases and the orthophotomap with document-
ed high accuracy can provide initial information
on areas potentially requiring verification and up-
dating of terrain detail measurements. A detailed
analysis of the accuracy of the geodetic survey

Errors exceeding the limit by:
0.3-0.5m

® 05-1.0m
® abovellOm
[__] border of the village

Figure 7. Heatmap of points with position discrepancies exceeding 0.30 m, including details representing
locations with a particularly high concentration of potential errors
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RMSE vectors:
= equal to the limit or less

exceeding the limit by 0.0-0.5 m

= exceeding the limit by more than 0.5 m

Figure 8. Examples of identified differences in the position of object vertices in reference to their position on the
orthophotomap: (a) roadside ditch; (b) other land use object — billboard; (c) other building structure; (d) power
cabinet or container; (e) culvert, roadside ditch; (f) permanent fence

and the numerical map requires consideration
of the peculiar features of the individual object
classes and the directions and values of the ob-
served position deviations. Based on the results
calculated using the algorithm, the parameters of
the position error vectors were visualised. Select-
ed examples of discrepancies between the posi-
tion of object vertices from different classes and
the position of their counterparts on the orthopho-
tomap are illustrated in Figure 8.

Insignificant discrepancies between object
vertices’ position documented in geodetic data-
bases and their location on the orthophotomap
are usually natural, and stem, among other things,
from the limited accuracy of land surveying

methods and orthophotomap errors. However,
assuming a sufficiently high quality of the ortho-
photomap, documented by an accuracy analysis
using checkpoints with measured coordinates,
position differences significantly exceeding the
potential outcome of land survey and ortho-
photomap errors should be considered as local
indicators of inaccuracy or obsolescence of the
numerical map contents. However, the final de-
termination of the need to update the content of
the geodetic databases should be preceded by an
expert assessment, considering specific features
of individual object types and real possibilities
of optimising accuracy using available survey-
ing techniques. Examples shown in the above
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figure, relating to objects within the study area,
illustrate the varying degrees of local disturbance
to the accuracy and timeliness of the geodetic nu-
merical map in terms of objects from different
classes. Examples (a) and (e) refer to the inter-
related objects ‘roadside ditch’ and ‘culvert’. The
high value of position error of the ditch boundar-
ies (approx. 1 m) and the location of the existing
vertex near the ditch bottom implies a need for
remeasurement, either due to a defect of the pre-
vious measurement or terrain changes. As ‘road-
side ditch’ and ‘culvert’ belong to accuracy group
IT with an acceptable surveying error of 0.30 m, it
is possible to measure the objects on the basis of
a suitably accurate orthophotomap [60].

Cases (b) and (f) involve vertically positioned
objects. Correct identification of their location
on the basis of an orthophotomap requires the
use of high-precision photogrammetric materi-
als and particularly careful identification of key
object vertices, which are difficult to locate due
to, among other things, their small size and in-
terference by shadows and objects limiting vis-
ibility. However, the presented examples such as
a billboard (b) and a fence (f), make it possible
to unambiguously detect the incorrect position of
objects on the numerical map.

Case (c), the so-called ‘other structure’ (e.g.
garage other than a building, canopy, gazebo),
does not make it possible to clearly identify an
error or obsolescence in the contents of the nu-
merical map. Despite demonstrating significant
(from 0.18 m to 0.37 m) differences in the posi-
tion of the vertices between the numerical map
and the orthophotomap, here attention should be
paid to the high risk of mislabelling object ver-
tices when analysing the orthophotomap. This is
because photogrammetric imaging only makes
it possible to identify the corners of the object’s
canopy, the projection of which may not coincide
with the outline of the overground part subject to
land surveys. In addition, the possibility of accu-
rately delimiting the object’s outline using an or-
thophotomap has been significantly reduced due
to the presence of so-called artefacts, which are a
relatively common consequence of errors in gen-
erating orthophotomap.

A particularly clear example of an obsolete
geodetic numerical map was identified in case
(d), concerning a power cabinet. According to
current assumptions, a GESUT database object
with point geometry should reflect the geometric
centre of the actual terrain detail. The recorded
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offset of approximately 0.70 m explicitly implies
terrain changes, an incorrect geodetic survey or
a numerical map preparation error. Evidence of
outdated databases may be the fact that the power
cabinet in the immediate vicinity of the surveyed
object is not shown. The position error can also
result from the misplacement of a point object at
the junction between the underground conductor
and the power cabinet, away from the geometric
centre of the object.

Summing up the result of the analyses carried
out, it is necessary to confirm the assumption that
a high-resolution orthophotomap with sufficiently
high accuracy can be used as a practical tool to
efficiently determine the urgency of potential up-
dates to the numerical map and indicate priority
objects and areas requiring correction. However,
special attention should be paid to the possible
causes of discrepancies and consideration should
be given to potential imperfections and con-
straints of the photogrammetric survey. It is also
possible to use the orthophotomap for the direct
acquisition of numerical map objects, subject to
adequate surveying accuracy. The current regula-
tion requires the surveying supervisor to ensure
the accuracy of the transmitted measurements as
required for each accuracy group [60]. However,
the legislator does not limit the range of permis-
sible measuring instruments or techniques, so the
use of UAVSs in land surveys conducted in Poland
is not against the law [64].

DISCUSSION

The use of UAV technology in acquiring
terrain information is a useful alternative to
conventional land surveying and GNSS sur-
veys. The possibility of up-to-date, large-area
and comprehensive surveys in a short time is a
particular advantage of this technology, which
contributes to a dynamic development of uses
of unmanned aerial vehicles in surveying work.
The analysis showed that it is reasonable to use
UAV technology for creating and updating the
geodetic databases EGIB, BDOT500 and GE-
SUT based on a high-quality orthophotomap,
provided that the accuracy of the position of
the retrieved objects is first verified. Pyka also
represents this view, who points out that the ac-
curacy verification procedure is a necessary ac-
tivity on the part of the surveying manager due
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to the obligation to ensure accuracy as defined
by law [43, 64].

Comparing the number of objects compris-
ing the base map with the number of elements
analysed, it can be concluded that a significant
proportion of objects present in geodetic data-
bases cannot be extracted from the orthopho-
tomap. These constraints, in particular, due to
the fact that certain elements are obscured, and
underground objects are not visible, reduce the
functionality of the orthophotomap as a source
for acquiring numerical map objects. To expand
the range of retrievable objects, researchers
point, among other solutions, to the possibility
of using a 3D model generated from oblique im-
ages. In their study, Karabin et al. present the
possibility of using the 3D model to measure
building corners covered by roofs and hence not
visible on the orthophotomap [55]. Such a solu-
tion would also allow to acquire extensive third-
dimensional data, which would be a valuable
data source in the potential process of creating
a 3D cadastre in Poland. The use of large-scale
photogrammetric views, covering an increasing
number of areas, could then be one of the funda-
mental terrain data sources.

The analysis also revealed insufficient va-
lidity of the base map, due to dynamic spatial
transformations taking place. Geodetic database
validity, which is a widely discussed subject, has
also been documented by other authors [55, 56].
Maintaining sufficient validity of numerical maps
is a highly complex problem. Indeed, to ensure
maximum conformity of the geodetic databases
with the actual state of affairs would require a
geodetic inventory of any new or modified ter-
rain detail. This rule, being commonly followed
for cadastral objects and utility networks, does
not in practice cover all terrain changes. An al-
ternative approach could include a regular cam-
paign to update the contents of geodetic databas-
es based on field verification and measurements
of terrain details. However, it should be noted
that such practices would be potentially expen-
sive. The use of UAV technology can significant-
ly reduce labour costs, replacing time-consuming
field verification of the content’ accuracy of geo-
detic databases and providing an effective tool
for delimiting priority areas in need of updating.
Also, eliminating the need to survey some terrain
details, including ditches, water reservoirs and
watercourses from accuracy groups Il and III,
which are often characterised by limited access,

may contribute to minimising the time and cost
of updating geodetic databases while maintain-
ing satisfactory work efficiency.

The dynamic development of technology,
both in terms of the performance and functional-
ity of UAVs and in the area of modern surveying
tools and methods, makes the case for undertak-
ing steps to integrate various data sources in ac-
quiring terrain information. The constraints on
the uses of orthophotomap demonstrated in the
course of this study can be supplemented, for in-
stance, by measurements using a LIDAR sensor,
the useful-ness of which in surveying, including
cadastral surveys, is highlighted by Safaf et al.
[59] and He and Li [66].

CONCLUSIONS

UAV technology enables efficient acquisition
of relatively accurate and specific terrain infor-
mation. The possibility of making wide-area aeri-
al photogrammetric surveys at low costs of flights
and data processing legitimises the use of UAVs
for geodesic and cartographic tasks, including the
acquisition of information on the current state of
terrain details to be inventoried as objects of geo-
detic databases.

The research, which involved, among other
things, comparing the position of the vertices of
numerical map objects with their counterparts
identified on a high-accuracy orthophotomap,
showed that a significant proportion of the ob-
jects surveyed do not meet the accuracy standards
required by the legislator. Where acceptable posi-
tion errors are slightly exceeded, the possibility
to unambiguously identify outdated or incorrectly
entered objects is limited due to the inherent im-
perfection of the orthophotomap and its inter-
pretation. However, numerous observed discrep-
ancies exceeding the applicable measurement
uncertainty limits of more than 0.30 m may be
considered a potential manifestation of obsoles-
cence or substantive defects of geodetic numeri-
cal maps, which corroborates the need for updat-
ing the spatial information resource.

The automated computing algorithm and
transparent cartographic visualisation methods
have contributed to the creation of a versatile tool,
providing for efficient pre-validation of numerical
maps and delimitation of priority areas for verifi-
cation and potential updates. The proposed meth-
od may significantly support various studies on
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cadastre validity, conducted for scientific or prac-
tical purposes. Using UAV-based measurements
and automated computing tools reduces the time
of data processing and provides high reliability of
the outcomes. A detailed case study of the actual
area confirmed the tool’s assumed effectiveness.
Simultaneously, attention should be drawn to the
constraints on using the orthophotomap as a ref-
erence for the position of geodetic database ob-
jects. A particularly vital problem is the inability
to identify elements obscured by other objects, as
well as underground objects and objects with ver-
tical geometry, such as poles and smaller fences,
among other items. As a partial solution to this
problem, literature cites the use of metric oblique
imagery and the implementation of alternative
data sources, including laser scanning techniques.

In authors’ opinion, research into the ef-
fectiveness of alternative methods for geodetic
and cartographic tasks is necessary for optimis-
ing spatial information management methodolo-
gies. Indeed, the implementation of documented
high-performance solutions enabling the partial
elimination of time-consuming work in favour of
methods that ensure high-quality outcomes while
reducing labour costs, is an integral part of civili-
sational progress, as observed, among other areas,
in the field of land surveying and cartography.
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