
ADVANCES IN GEODESY AND GEOINFORMATION
(formerly GEODESY AND CARTOGRAPHY)

© Polish Academy of Sciences

Vol. 71, no. 2, article no. e27, 2022 https://doi.org/10.24425/agg.2022.141301

Original paper

Integration of TLS and UAV data for the generation
of a three-dimensional basemap

Przemyslaw Klapa∗, Bartosz Mitka, Mariusz Zygmunt

University of Agriculture in Krakow, Krakow, Poland,
e-mail: przemyslaw.klapa@urk.edu.pl; ORCID: http://orcid.org/0000-0003-1964-7667
e-mail: bartosz.mitka@urk.edu.pl; ORCID: http://orcid.org/0000-0002-1896-3126
e-mail: mariusz.zygmunt@urk.edu.pl; ORCID: http://orcid.org/0000-0003-0056-5215

∗Corresponding author: Przemyslaw Klapa, e-mail: przemyslaw.klapa@urk.edu.pl

Received: 2022-04-01 / Accepted: 2022-05-25

Abstract: 3D maps are becoming more and more popular due not only to their accessibil-
ity and clarity of reception, but above all, they provide comprehensive spatial information.
Three-dimensional cartographic studies meet the accuracy requirements set for traditional
2D stu-dies, and additionally, they naturally connect the place where the phenomenon occurs
with its spatial location. Due to the scale of the objects and difficulties in obtaining com-
prehensive data using only one source, a frequent procedure is to integrate measurement,
cartographic, photo-grammetric information and databases in order to generate a compre-
hensive study in the form of a 3D map. This paper presents the method of acquiring and
processing, as well as, integrating data from TLS and UAVs. Clouds of points representing
places and objects are the starting point for the implementation of 3D models of buildings
and technical objects, as well as for the con-struction of the Digital Terrain Model. However,
in order to supplement the spatial information about the object, the geodetic database of the
record of the utilities network was integrated with the model. The procedure performed with
the use of common georeferencing, based on the global coordinate system, allowed for the
generation of a comprehensive basemap in a three-dimensional form.
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1. Introduction

Due to the development of science and technology, the interest in analogic map is
declining in favour of presenting its digital image, displayed with the use of computer
programs. Over the centuries, thousands of cartographers have developed a wide variety
of techniques, procedures, and rules to efficiently present and communicate information
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using maps. On the other hand, the popularization of computers and the introduction
of digital maps required the introduction of new rules and techniques for cartographic
presentation (Eremchenko et al., 2015). Thanks to this, it was possible to present three
dimensions simultaneously in one study. This allowed for the presentation of space as
a coherent whole, in the form of the socalled geovision of places and objects (Medynska-
Guli, 2011).
Three-dimensional cartography is defined as the entirety of knowledge and scien-

tific, technical and artistic activities related to the full life cycle of 3D maps, i.e. data
collection, generation and distribution process, use of technologies and algorithms, as
well as forms and methods of their use and application possibilities (Goralski, 2009).
Three-dimensional cartographic studies are computer perspective views of the content of
a map. Therefore, its method of generation and presentation is largely influenced by the
preferences of the author of the study. The developed object is a derivative of the concept
phase. It goes through the stage of modeling and symbolizing spatial elements, ending
with creating a visualisation. These processes, known in the traditional 2D approach,
are subject to modifications and introduce new rules for generating 3D spatial studies
(Petrovic, 2003; Hájek et al., 2016). Individual spatial objects (Roberts et al., 2022) are
subject to three-dimensional presentation, as well as a visualization of entire cities is
generated (Mao et al., 2020).
Three-dimensional cartographic studies are created on the basis of data obtained from

the field survey, digital photos, point clouds from laser scanning, statistical materials or
other types of geospatial data. When generating three-dimensional cartographic studies,
apart from knowing the location and range of phenomena, spatial information is also
important. A frequent procedure of generating 3D maps is assigning altitude features
to traditional 2D studies. Such studies are performed in situations that require locating
phenomena in three-dimensional space or conducting spatial analyses (Jarzyna, 2016).
Information about the third dimension may come from, inter alia: evidence, stereodigi-
tisation, lidar data or the result of a superposition of two-dimensional data with spatial
information presented by, for example, a numerical land cover model (Cislo, 2008). The
process of assigning spatial parameters is possible provided that the source data is com-
plete and consistent. The development of such solutions enables the control of the course
and spatial scope of the occurrence of a given object, as well as enabling collision analysis
of phenomena and improvement of the design processes of new elements of technical
infrastructure and utilities networks (Mroz et al., 2014). An increasingly frequent process
is the creation of cadastral maps presenting the three-dimensional range of the object’s
occurrence and the laws of ruling in the form of the socalled 3D cadastre (Aditya et al.,
2020; Klapa, 2021).
More and more often, three-dimensional studies are based on aerial or UAV photos.

The accuracy of the reconstruction of the 3D model depends mainly on the type of
acquired photos, their resolution and their mutual coverage. Tomore accurately reproduce
the subject, subsequent photo scenes can be supplemented with oblique and ground
photos. The model can be created automatically by assembling consecutive photos into
a uniform study or by generating a point cloud, and then performing themodelling process
of its individual components. Data fromUAVs are commonly used to develop orthophotos
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or thematic maps. However, with the help of such techniques and tools, it is also possible
to create three-dimensional studies of buildings for which high accuracy is required,
as well as the presentation of architectural details (Drzewiecki and Bujakiewicz, 2018;
Collado, 2022). The photos used to build the model of the surveyed area from the UAV
deck are characterized by high resolution, user controlled level of coverage of subsequent
photos and the number and position of the images taken depending on the needs. UAV
measurements are easy to perform and the ability to reach dangerous and hard to reach
places. It is a cheap and quick alternative to groundbased photos, as well as those taken
from a low ceiling (Nex and Remondino, 2014). UAVs allow to obtain in a controlled
manner, reliable and accurate geospatial data, which is the starting point for generating
largescale, three-dimensional cartographic studies (Lari and El Sheimy, 2015; Iheaturu
et al., 2020).
The model and the 3D maps themselves can also be created using satellite images.

Although the accuracy of such a study is lower, it allows you to quickly generate products
covering a large area of the studied area. This type of study found particular application in
historically and archaeologically valuable areas – often difficult to access (Malinverni et
al., 2017). Based on the data obtained from satellite images, three-dimensional studies are
performed, including mainly numerical models of terrain and land cover for the Earth’s
surface and other celestial bodies (Tao et al., 2021).
The process of generating three-dimensional cartographic studies may also consist in

modelling objects based on geospatial data from laser scanning. Modelling is performed
on the basis of a point cloud from LiDAR (Richter and Dollner, 2014). By processing
individual measurement data and generating subsequent geometric models, elements are
collected to create a 3D visualization. The LiDAR point cloud is used for modelling
buildings, while digital photos are the basis for generating an orthophoto map, which
is the background for the study (Guan et al., 2013; Bitelli et al., 2018). Terrestrial laser
scanning is a source of geospatial data obtained directly in the field. Point clouds from
TLS are commonly used to create 3D models of places and objects, and more and more
often they are the basis for making and updating traditional cartographic studies (Klapa
and Mitka, 2017). Due to the high accuracy and precision of recording points, they are
also an excellent source of data for the needs of generating three-dimensional cartographic
studies (Abdelazeem et al., 2021).
3D maps are widely used in GIS technology (Nishanbaev et al., 2021; Mazzei and

Quaroni, 2022) and for the visualization of environmental data (Tong et al., 2015). For
the purposes of creating three-dimensional cartographic studies, it is possible to integrate
the already existing 3Dmodels with the geospatial data of the studied area. The evolution
of GIS tools and data integration modules, as well as numerous overlays and plugins
for computer programs make this process simple and efficient. GIS database, including,
inter alia, reconstruction of buildings, land and other spatial elements of the city can be
integrated withmeasurement data obtained using digital photos (Bobkowska et al., 2017).
The analysis of photogrammetric images makes it possible to obtain three-dimensional
data with reference to geographic references. Although the very process of generating
3D maps is supported by numerous computational algorithms, the method of obtaining
reliable and accurate spatial information is still a problem. It concerns measurement
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techniques, the type of information provided, problems with the accuracy and precision
of their integration, the lack of information for hard to reach places, as well as data
redundancy (Malumpong and Chen, 2008).
Currently, much attention is paid to the three-dimensional visualisation of terrain

models as well as places and objects in order to present spatial data on the internet
or numerous mobile applications (Atoyan and German, 2017). The development of
technology and graphic software, as well as the availability of various types of geospatial
data, facilitate the generation of three-dimensional cartographic studies. Such materials
are used not only by experts and scientists in the field of geomatics, but also by numerous
recipients of various fields and professions.
Creating detailed and realistic largescale three-dimensional mapping studies is dif-

ficult due to the variety and complexity of the generated geospatial data. The variety
and multitude of data types allows the detection and elimination of measurement errors,
generates parts of images not saved with the use of other technology, increases the ac-
curacy of the generated maps, extends the range and scope of the possible use of the
performed study. A whole range of data can be used for integration, ranging from point
clouds from ground and aerial scanning – through clouds from ground, aerial and UAV
images – to spatial data provided by Open Source Map. You can also use statistical data
and numerous GIS analyses, or other spatial information – relating to places, objects and
phenomena occurring in the natural landscape (Tully et al., 2015). In order to ensure the
completeness of the information obtained about the surroundings, point clouds from TLS
and UAVs can also be integrated (Tong et al., 2015; Son et al., 2020). It is also possible to
integrate data from more than two sources, eg integration of data from terrestrial (TLS)
and mobile (MLS) laser scanning with fotogrametric data from UAV and information
obtained using GNSS (Chiabrando et al., 2019; Klapa, 2021).
The aim of the work is to examine the possibility of integrating TLS, UAV, GNSS

data and other databases of spatial objects for the purposes of performing accurate and
precise studies, which may be a data source for the needs of generating and updating
accurate largescale thematic maps, as well as a three-dimensional forms of a basemap..

2. Materials and methods

The work uses spatial data generated with the use of various techniques and measurement
tools: terrestrial laser scanner, unmanned aerial vehicle and a GNSS receiver. The DJI
S1000 multirotor, equipped with a Sony ILCE 7R digital camera with a SEL 35F28ZA
lens and a fixed focal length of 35 mm (Fig. 1a) was used for field work involving the
execution of unmanned aerial vehicle flights. In order to acquire the point clouds, a Leica
P40 ScanStation terrestrial laser scanner was used (Fig. 1b).
The purpose of integrating geospatial data from groundbased laser scanning and

unmanned aerial vehicles is to obtain a homogeneous and coherent set of data. In order
to carry out the measurement, as well as to integrate the measurement data with UAV
and TLS, target plates (Fig. 2a) and specially designed and prepared reference spheres
with spatial markers (Fig. 2b) were used. The reference points were used to connect



Integration of TLS and UAV data for the generation of a three-dimensional basemap 5

(a) (b)

Fig. 1. Measuring equipment used: a) UAV – DJI S1000, b) TLS – Leica P40 ScanStation

individual point clouds from successive laser scanner positions, as well as photopoints
in the process of aerotriangulation of images taken from the UAV deck. Additionally,
they acted as control points for the obtained results of the work. They also served as
a measurement network used to provide georeference in the rectangular plane coordinate
system of the National Geodetic Coordinate System 2000: PL-2000 zone 7 (EPSG code:
2178) and in the elevation system of Kronstadt normal heights (PL-KRON86-NH).

(a) (b)

Fig. 2. Reference points – measurement network points: a) target plates and b) reference spheres
with a spatial marker

Giving references to the spheres was possible by measuring GNSS-RTK at a central
point. The reference sphere is commonly used to connect point clouds with TLS between
individual stations, due to the unambiguous identification of the spherical geometry and
the possibility of automatically fitting the spheres into the cloud (even with a small
number of points) (Klapa et al., 2017). They are a tool that allows you to perform the
cloud connection process at a very high level of accuracy. By pointing to a ball fitted to
point cloud, we get the values of the spatial coordinates of its centre point and its diameter
or radius. By adding the value of the sphere’s radius to the value of the altitude coordinate,
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we obtain the values of the coordinates of the point in its zenith part. In addition, if the
ball is stable and centered on a tripod (shaft or other stabilizer), it is possible to measure
and determine the values of the 𝑋,𝑌, 𝑍 coordinates of the ball tip, which indirectly gives
us the coordinates of the ball centre – automatically determined on the cloud after fitting
the sphere. By adding a graphic symbol that allows to indicate the zenith point on the
sphere, we get the possibility of identifying this point in the photos, e.g. from the UAV
deck. The scheme is covered by the reserved patent law with the number Pat.235753 and
the industrial design number: Wp.26231 (Klapa, 2021).

2.1. Characteristics of the research facility and field works

The research area is located in thewestern part of the city ofKrakow (Poland,Malopolskie
Voivodeship). The buildings are the property of the Agricultural University of Krakow
(Fig. 3). The area of the research area is 1.0 ha. The facility includes a complex of
buildings with a large number of spatial objects, located on one level. It is a facility that
requires a large number of TLS stations and an detailed UAV flight plan. Containing
numerous elements inaccessible to only one measuring device, i.e. vertical walls and
roofs of buildings. It is an area with complex geometry and difficult measurements (due
to the lack of visions), an area with a large number of situational elements.

Fig. 3. Location of the research site (N:55◦22′55′′; E:19◦49′44′′)

The UAVflight was performed in one mission using the raid plan made in theMission
Planner software. UAV flight parameters: height – 50 m, longitudinal coverage – 70%,
transverse coverage 40%. The field pixel size is 0.007 m. 70 digital photos were obtained
in *.jpeg format with dimensions of 7360 × 4912 pixels. The acquired images were
processed in the Agisoft Metashape Professional software, where the aerotriangulation
process was carried out, and then a point cloud was generated, as well as an orthophoto
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map of the studied area. For the conducted photogrammetric project, the accuracy of the
obtained results was checked. The mean square error at the photopoints was –0.013 m,
while the mean square error at the control points was –0.017 m.
The data from the terrestrial laser scanning was processed in the Leica Cyclone

software. The work consisted in combining individual measuring stations into a uniform
point cloud for the entire facility. The absolute error on the point cloud bindings was
0.020 m. There is an accuracy of combining all results from individual measurement
stations into a uniform point cloud for the entire research facility. Using spheres and
reference discs, a transformation was made to the appropriate coordinate system – giving
georeference to the obtained geospatial database. Accuracy analysis was carried out at the
control points located in the facility. The mean error for the control points was 0.028 m.

2.2. Development and processing of measurement data

In the integration process, a point cloud from TLS (Fig. 4) and from UAV photos (Fig. 5)
was used.
The analysis of the TLS point cloud for the research area (Fig. 4) indicates places

with a diversified structure of points recording, which proves the nonuniform spatial

Fig. 4. TLS work result – point cloud

Fig. 5. Point cloud – derived from UAV photos
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acquisition of points during the measurement. There is a visible lack of information on
the roofs of the buildings and the occurrence of the so-called “Shadows”, created when
the area is obscured by another object during scanning. The redundancy of points in the
cloud occurs in the areas around the scanner stations and in the area, as well as on vertical
planes (walls of buildings).
Analysis of the point cloud generated on the basis of the images from the UAV deck

(Fig. 5) shows nonuniform data acquisition for the entire area. In the process of generating
the cloud, the points are evenly distributed, however, this ratio is not maintained in space.
There are places with a disturbed cloud structure. Deficiencies are noticeable in places
that are difficult to reach for UAVs – vertical walls and places covered with eaves or under
trees. However, there is a redundancy of information on the roofs of buildings.
The use of common reference points for all measurement techniques made it possible

to obtain common georeferencing. Such a procedure allowed to eliminate the influence of
errors related to georeferencing and the results of field work for individual measurement
tools. The obtained data is characterised by homogeneity of georeference, and the geo-
metric accuracy of the location of points in the cloud results from the precise parameters
of the measurement technologies used. Using common georeferencing, TLS–UAV data
integration was performed (Fig. 6).

Fig. 6. Point cloud for TLS (green) and UAV (red) data integration

The distribution of points in the cloud after TLS–UAV data integration shows the
distribution of points throughout the area. The clouds complemented each other, providing
a comprehensive picture of the entire space of the examined object. Information synergy
allowed for the elimination of gaps and measurement imperfections in both TLS and
UAV technologies. In the process of integration, the spatial density equalization took
place for almost the entire area. The missing elements of the cloud were supplemented –
this proves a significant improvement in data quality in relation to both UAV and TLS.
In order to check the correctness of the TLS–UAV point cloud integration, the infor-

mation compliance assessment was carried out in the form of Cloud-to-Cloud Distance
in CloudCompare. The inspection covered areas of 1x1 m on paved surfaces (roads,
roofs, pavements) (Fig. 7). The average distance of TLS–UAV clouds, resulting from
integration for various surfaces, was in the range of 2–5 cm.
However, in places easily accessible for both measurement techniques, there was

a redundancy of data, therefore the process of their unification was carried out using
the algorithms of point cloud optimization in the Leica Cyclone software and the uni-
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(a) (b)

Fig. 7. Point cloud comparative analysis: a) red (UAV), yellow (TLS) and b) scalar field which is an analysis
of the similarity (differential model) of the point cloud from the UAV to the TLS

fication level of 0.001 m was applied for the entire area. This allowed increased work
efficiency and to standardize the amount of information in the entire area by removing
data redundancy.

3. Results: Generation of a three-dimensional basemap

The preparation of three-dimensional cartographic studies based on the processing of
geospatial data into the form of 3D models should be carried out in accordance with the
adopted level of accuracy and appropriate detail, and also located in the global reference
system.
According to the Polish Act of Geodesy and Cartography (1989), the base map is

a large-scale cartographic study, containing information on the spatial location of: geode-
tic control points, cadastral plots, buildings, contours of land, classification contours,
utilities networks, buildings and construction devices and other topographic objects, as
well as selected descriptive information about these objects (Polish Act of Geodesy and
Cartography, 1989). The basemap is a source of information on spatial and cadastral data.
With its help, it is possible to determine the location in the adopted frame of reference.
It contains information on the main natural and artificial elements, such as reservoirs,
roads, buildings, fences, as well as information on administrative borders. The informa-
tion on the basemap is presented in the form of symbols and descriptions. By means of
graphic symbols it is possible to characterize places and objects (National Academies of
Sciences, Engineering, and Medicine, 1983).
The implementation of the development of a three-dimensional form of the basemap

could only be comprehensively implemented thanks to the synergy of TLS–UAV–GNSS
measurement data. Obtaining a common georeferencing made it possible to generate
geospatial databases, constituting a reliable source of data about the surroundinds, while
maintaining the consistency and compatibility of the results from various measurement
techniques. Optimisation works were carried out while maintaining the assumptions
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and accuracy requirements for largescale cartographic studies. The optimization of the
point cloud consisted in the removal of redundant information, limiting the cloud to
the scope of performed works, as well as unifying the cloud to the appropriate level of
density. Appropriately selected parameters and cloud optimisation tools allowed for the
adjustment of its features depending on the required level of detail in accordance with
Polish technical standards for the performance of surveying works (Polish Regulation of
the Minister of Development, 2020).
The point cloud after integration, optimization and georeferencing was used as

a source material for making individual components. The first procedure was the classi-
fication of the terrain points and then the generation of the Digital Terrain Model. For
this purpose, the Leica Cyclone 3DR software was used. The mean distance between
the grid points was defined at 0.10 m (Fig. 8a). The second, more complex procedure
was generating 3D models in a semiautomatic and manual way, using the MicroStation
V8i software. The generated 3D model corresponds to the LOD2 level of detail, and for
the purpose of supplementing the spatial information, details were added for the objects,
i.e. columns, lanterns, windows, doors and stairs for LOD3 (Fig. 8c). After making the
spatial elements based on the point cloud, the synergy of data from the Polish State
Geodetic and Cartographic Resource: Krakow – city (BIP Krakow, 2022) in terms of
the network of utilities was made. Information on the location of objects was obtained
from the database, while the altitude data was obtained from the descriptive database.

(a) (b)

(c)

Fig. 8. Components of a three-dimensional map: a) Digital Terrain Models, b) network of utilities
in a three-dimensional form and c) spatial model of buildings
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As a result, spatial values of 𝑋,𝑌, 𝑍 were obtained for individual objects of each network
(Fig. 8b).
The synergy of the geospatial database presented by means of individual 3D models

and spatial objects (Fig. 8 a,b,c) allowed for the generation of a three-dimensional carto-
graphic study (Fig. 10). The three-dimensional basemap enriched with spatial elements
is a selfcontained visualisation of the entire object, and at the same time it is a reliable,
accurate and comprehensive source of data about the place, objects and terrain. The in-
dividual components of the map, as well as its final version, is excellent material that can
be used to control and update the basemap, expressed in the traditional two-dimensional
form, supplemented with descriptive elements (Fig. 9).

Fig. 9. Updating the basemap in a traditional two-dimensional form

Fig. 10. Three-dimensional basemap
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For the completed cartographic studies, field verification of the results obtained
from the 3D map was carried out. Using the GNSS receiver, the control points in the
field (curbs, sewage drains and other characteristic points) and the corresponding spatial
objects on the map were measured. The average value of the differences of the obtained
spatial coordinates (𝑋,𝑌, 𝑍) in the field and from the 3Dmap was 0.035 m, which proves
the high accuracy of the generated material.

4. Discussion

The perspective of perceiving a generalized and symbolically presented geographical
space provides a better understanding of the relationships between objects present in
the environment. The 3D image complements the classic presentation of orthogonal
maps. Three-dimensional presentations are easier for most people to perceive due to
their similarity to the natural elements of the observed landscape. The advantage of such
studies is also in higher detail, as well as interactivity and dynamics of the presented
image of the map content (Haeberling, 2005).
The three-dimensional image is a reconstruction of space, making it possible to cap-

ture the geometry and appearance of individual landscape elements or the entire scene.
In recent years, there has been an increased interest in the use of 3D geovisualisation. 3D
cartography and its products – 3Dmaps, have found a whole range of applications. These
techniques are used for: interactive presentation of relief and topography, presentation
of places and objects, forecasting the occurrence and effects of natural disasters, as well
as for the implementation of video game resources, virtual tours, 3D reconstruction mo-
bile applications, CAD software, graphics and computer mathematics, medical imaging,
cultural heritage (HBIM), BIM, virtual and augmented reality and many others. Over
the last few years, numerous techniques and algorithms for image reconstruction and
generation of three-dimensional cartographic studies have been developed. Starting from
active methods requiring the use of specialized equipment to obtain information about
the geometry of objects, i.e. laser scanning (ground based, airborne, structured light), to
passive tools based on optical imaging techniques (Bianco et al., 2018).
Among the basic possibilities of using three-dimensional cartography is the construc-

tion of Numerical Terrain Models. Development of 3D maps of vast areas requires the
acquisition of a large amount and highquality geospatial data. You can get such, among
others by using TLS technology and photos from UAV decks. Highaccuracy data allows
you to build highresolution three-dimensional images in the form of maps, diagrams and
models. By basing the measurement on common GCP and using the appropriate work
environment, it is possible to obtain comprehensive information about the area, and then
transform it into a model embedded in a three-dimensional space, constituting a real
representation of the natural environment (Tong et al., 2015). The 3D map (Fig. 10)
shows the possibility of generating three-dimensional cartographic studies based on the
integrated spatial data obtained with the help of TLS and UAV. Geospatial data generated
in this way constitute a three-dimensional, real representation of the measured area. The
cloud itself has the features of a spatial model – showing the shapes, sizes and nature
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of the objects it contains. It is a spatial representation that meets the assumptions of 3D
cartography. The accuracy of such a study may be as high as 2-3 cm and depends on
the precision of the selection of common points and the accuracy of determining the
coordinates of reference points in the field (Aicardi et al., 2016). In the 3D cartographic
presentation, it is possible to precisely, accurately and completely present the condition
of the existing object in combination with a reconstruction generated on the basis of TLS
data, digital photos or other source materials (Reiss et al., 2016, Klapa, 2021).

5. Conclusions

The development of measuring targets in the form of reference spheres with a ground
control point for data integration (TLS, UAV, GNSS) made it possible to obtain homoge-
neous data in terms of geospatial reference (geometry of the network points homogeneous
for the entire study and common to all measurement techniques). Such an operation al-
lowed to eliminate the influence of errors related to assigning georeferences to the results
of field work for individual measurement tools. The obtained data is characterized by
georeference homogeneity, and the geometric accuracy of the location of points in the
cloud results from the precision parameters of the measurement technologies used. The
information prepared in this way allows to define the optimal procedure of data acqui-
sition, which enables obtaining homogeneous precision parameters of the study (Klapa,
2021).
Depending on the nature of the data, the scale and type of the study performed,

the techniques of obtaining information about the objects, as well as the available funds,
geospatial data is generated at various levels of accuracy both qualitative and quantitative.
It is important to focus more on the accuracy of the generated measurement information
and the integration of individual data groups than on the selection of the level of de-
tail, which depends on the quality and quantity of the input data (Biljecki et al., 2018).
Although the subsequent process of generating 3D maps is supported by numerous com-
putational algorithms, the method of obtaining reliable and accurate spatial information
still presents a problem. It concerns measurement techniques and the type of informa-
tion provided, problems with the accuracy and precise integration, as well as the lack
of information that is difficult to access and the lack of publicly available information
(Malumpong and Chen, 2008).
The accuracy of three-dimensional cartographic studies depends on the quality and

accuracy of the data on the basis of which they were generated. The software used as
well as the experience and skills of the cartographer also have an impact. The purpose
of the study performed determines the scope of accuracy that must be achieved. For this
purpose, appropriate sources of data about space are selected, as well as methods and
techniques for generating studies.
The synergy of TLS and UAV data allows us to obtain a comprehensive point cloud

for the entire facility. The use of reference spheres allowed for almost automatic data
integration, thanks to common ground control point (common georeferencing) for all
UAV, TLS and GNSS measurement techniques. The obtained geospatial database can be
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easily enriched with further attributes of spatial information in the form of, for example,
cadastral data or network of utilities. All databases are fully compatible with each other.
Of course, it is possible to further and almost unlimited extension of the base, thanks
to the use of common georeferencing – the same embedding in the spatial coordinate
system. Such a database is an excellent source material for the needs of generating
both two- and three-dimensional maps. Modelling of objects for the needs of 3D maps
can be supported by using numerous tools for automatic generation of spatial objects.
Modelling and visualisation tools as well as other options supporting the creation of maps
are included in numerous CAD programs.
The presentedmethodology, the results and solutions, as well as the verification of the

presented data allow us to claim that the presented solutions meet the accuracy standards
(Polish Regulation of the Minister of Development, 2020) for generating base maps not
only for the traditional 2D map, but also for a three-dimensional map. The proposed
solution is universal and can be implemented to any scope and level of accuracy defined
by the legislation of individual countries in the world.
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