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Abstract The article examines the role of geoinformation technologies in the
digital transformation of modern geodesy and land management. Digital workflows for
processing spatial data within a unified information and technological cycle are
presented. The functional capabilities of GIS were practically tested using a
municipally owned agricultural land parcel with an area of 21.9068 ha, located within

the Diadkovychi Territorial Community, Rivne District, Rivne Region. The study
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involved a set of geodetic measurements using GNSS technologies in RTK mode,
unmanned aerial vehicle (UAV) aerial surveying, and photogrammetric processing of
the acquired materials. In the QGIS software environment, heterogeneous spatial data
were integrated to obtain the coordinates of the turning points of the land parcel
boundary, an orthophoto map, a digital elevation model (DEM), a slope steepness map,
engineering infrastructure objects (35 kV overhead power lines and their protection
zone), as well as agro-production soil groups. The role of modern GIS is substantiated
not only as a mapping tool, but also as an integrated environment for automating
design solutions, spatial analysis, and land-use monitoring. The research results can
be used to improve digital workflows in land management, land cadastre maintenance,
and land resource management within territorial communities.

Keywords: geodesy, land management, digital transformation, geoinformation

technologies, geospatial data, spatial analysis, QGIS, agro-production soil groups.

Problem Statement. Traditional methods of geodesy and land management were
primarily based on direct ground-based measurements, astronomical observations, and
the use of satellite positioning systems, including GPS and GNSS. Although these
methods provide a high level of accuracy, they often require considerable time and
resources. However, the emergence of geographic information systems (GIS) has led
to a significant transformation in the field of geodesy, enabling more efficient,
accurate, and integrated analysis of spatial data. GIS technologies make it possible to
collect, analyze, and visualize geodetic data in a more efficient and dynamic manner.

At the same time, the digital transformation of the sector is not limited to the
transition from analogue instruments and paper-based materials to digital measurement
tools and electronic maps. It involves a deeper transformation of workflow
organization, in which the acquisition, control, processing, structuring, analysis, and
subsequent use of spatial information form a unified information and technological
cycle. This approach contributes to reducing the number of manual operations,
decreasing labor intensity, increasing the efficiency of data processing, enabling the

repeated use of generated geospatial datasets, and reducing the time required to



produce topographic maps and models, while simultaneously improving processing
efficiency, data consistency, and quality control of spatial information. In addition,
through the integration of data such as satellite imagery, LiDAR, and GNSS
measurements, GIS provides a basis for comprehensive geospatial analysis that was
previously unavailable using traditional methods.

At the same time, the development of digital technologies creates new
requirements for the quality, interoperability, and reliability of geospatial information.
Important issues include the harmonization of coordinate reference systems,
standardization of data formats, ensuring the accuracy of geodetic measurements,
control of the topological correctness of spatial object representation, organization of
information exchange between different information systems, and training specialists
to work in an integrated digital environment. Therefore, research on the digital
transformation of geodesy and land management should address not only the
characteristics of modern technical tools but also the assessment of changes in the very
structure and organization of professional workflows.

Analysis of recent research and publications. The digital transformation of
geodesy and land management is currently a complex process encompassing a wide
range of geodetic, legal, and environmental aspects [1]. The introduction of digital
technologies into land management activities is associated not only with the
improvement of methods for acquiring spatial data, but also with the need for their
regulatory, informational, and organizational harmonization. The automation of
management processes in the field of land use and protection remains a priority area of
scientific research, as it directly affects the efficiency of the entire land management
system and creates the prerequisites for a transition from fragmented processing of land
information to its systematic use in a digital environment [2].

The development of geographic information systems (GIS) is recognized by
researchers as a key technological innovation strategy that extends beyond traditional
digital mapping [3]. Accordingly, the development of GIS can be considered one of
the key drivers in transforming the technological model of geodetic and land

management activities. However, the implementation of these technologies,



particularly in the modernization of electronic geodetic networks for the needs of
territorial community cadastres, requires overcoming a number of technological
barriers and taking societal imperatives into account. At the same time, the reliability
of spatial information directly depends on the accuracy and coordinate consistency of
the source data [4]. Remote geodetic monitoring is also becoming one of the major
tools for sustainable land resource management [5]. The use of remote observation
technologies expands the possibilities for systematic monitoring of territorial
conditions, detection of spatial changes, and accumulation of time-series geospatial
data, which is particularly important for operational land management and land-use
monitoring.

Researchers have shown considerable interest in the applied aspects of geodesy
in addressing the challenges of sustainable urban development, particularly in the
context of spatial planning [6]. The practical application of digitalization in the field is
widely discussed in scientific studies focused on automating the creation and updating
of digital topographic maps [7; 8]. The automation of cartographic processes is one of
the characteristic manifestations of digital transformation, as it reduces the number of
manual operations, ensures the structured organization of geospatial data, and
facilitates their subsequent updating and use.

Another important direction in the development of the field is the digital
transformation of geotechnical investigations, where new methods and strategic
roadmaps are being actively introduced [9]. The expansion of digital methods in related
engineering fields confirms the trend toward the formation of an integrated information
environment in which the results of field investigations are combined with tools for
digital analysis and modeling. At the same time, higher geodesy and engineering
geodetic surveys continue to serve as a metrological basis for the verification of
satellite monitoring data [10]. Separate studies are devoted to the integration of
geodetic methods and Earth remote sensing data to provide high-quality cartographic
support for urban planning documentation [11].

The purpose of the study is to substantiate the role of geoinformation

technologies in the digital transformation of geodesy and land management and to test



their functional capabilities through the formation, spatial analysis, and cartographic
representation of a land parcel.

Materials and methods of research. The methodological basis of the study was the
comprehensive application of a geoinformation approach for the processing,
integration, analysis, and cartographic representation of geodetic and land management
data. The practical validation involved testing the functional capabilities of geographic
information systems (GIS) during the creation of a spatial model of a land parcel, its
attribution with descriptive data, spatial analysis, and the preparation of cartographic
and land management materials.

The study object was a municipally owned agricultural land parcel with an area of
21.9068 ha, located within the Diadkovychi Territorial Community, Rivne District,
Rivne Region.

Source materials: coordinates of the turning points of the land parcel boundary,
results of geodetic measurements, cadastral and cartographic materials,
orthophotographic data, information on the composition of land-use categories, agro-
production soil groups, and materials of normative monetary valuation. This set of data
formed the information basis for geoinformation modeling and spatial analysis of the

study area.

Hardware and instrumentation: A high-precision Trimble R8 GNSS (Model 2)
receiver with RTK capability was used for field geodetic surveys, with a specified
accuracy of £(8 mm + 1 ppm) horizontally and £(15 mm + 1 ppm) vertically (RMS).
For control geodetic measurements, a SOUTH NTS-355R+ electronic total station was
used, with a specified angular accuracy of 5” and prism distance measurement accuracy
of £(2 mm + 2 ppm x D), where D is the measured distance. Its use provided additional
verification of the geometric parameters of the constructed boundary and consistency
between the field measurement results and the coordinate model of the land parcel. A
DJI Mavic 3 Pro quadcopter UAV equipped with a digital camera suitable for aerial
photography was used for aerial surveying of the study area. The main camera

parameters were as follows: 4/3 CMOS sensor; lens field of view: 84°; aperture: /2.8—



f/11; ISO sensitivity: 100-12,800 for video and 100—12,800 for photographs; image
resolution: 5280 x 3956 pixels.

Office processing: the results of geodetic measurements, vectorization of spatial
objects, and preparation of individual components of land management documentation
were carried out using the Digitals software package. The QGIS geoinformation
environment was used to import and edit vector data, delineate the land parcel
boundaries, populate object attributes, integrate heterogeneous geospatial data,
perform spatial operations, and visualize the results cartographically. The DJI Fly
mobile application was used to configure UAV parameters and monitor its operation,
while 3Dsurvey Pilot was used for flight mission planning, delineation of the study
area, and generation of the aerial survey route.

The study employed geodetic, geoinformation, cartographic, and spatial-
analytical methods. The geodetic method was used to determine the coordinates of the
land parcel boundaries; the geoinformation method was used to create and process
point and polygon spatial objects; the cartographic method was applied to represent the
results in the form of plans and thematic maps; and spatial analysis methods were used
to determine the geometric characteristics of the land parcel, verify its geometry,

analyze the spatial relationships between objects, and combine thematic layers.

The practical validation of GIS functionality was carried out sequentially. At the
first stage, a set of geodetic works was performed to determine the coordinates of the
boundary markers of the study object. Next, the coordinates of the turning points were
imported and a point layer was created. Based on these points, a closed polygon
representing the land parcel boundary was constructed, its area and perimeter were
determined, and its geometric correctness was verified. The next stage included aerial
surveying, photogrammetric processing, and the creation of an orthophoto map and a
digital elevation model. This was followed by the attribution of the spatial object with
information on its area, designated land use, land-use composition, and other
characteristics. To expand the analytical capabilities of the geoinformation model, the

land parcel boundary was integrated with cadastral, orthophotographic, and thematic



materials. Particular attention was paid to analyzing the spatial distribution of agro-
production soil groups within the study area and their relationship with the materials
used for normative monetary valuation. Spatial overlay of thematic layers made it
possible to determine the location of the corresponding soil contours within the land
parcel and to produce their cartographic representation.

The overall sequence of geoinformation processing can be represented as a
technological workflow extending from geodetic measurements to the cartographic

representation of the results (Fig. 1).
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Fig. 1. Workflow of Geoinformation Processing of Geodetic Survey Results.
Source: developed by the authors.
Results and Discussion. According to recent studies, the integration of GNSS, remote

sensing, and GIS reduces the labor intensity of individual geodetic processes and
expands the capabilities of spatial analysis [9, 12, 13]. In view of this, the functional
capabilities of GIS were practically tested on the study land parcel.

The practical validation of geoinformation technologies was carried out on a
municipally owned land parcel with an area of 21.9068 ha, located within the
Diadkovychi Territorial Community, Rivne District, Rivne Region (Fig. 2).
Observations were performed in real-time (RTK) mode using reference GNSS stations
of the ZAKPOS network. The connection to the network server was established via
mobile Internet (GPRS), while correction data were transmitted in RTCM v3.x format.

Network RTK Master Auxiliary Corrections (MAX) technology was used to generate



the corrections. This technology utilizes data from a master base station and auxiliary
base stations, which are selected automatically depending on the receiver position. The

corrections were calculated using the Trimble GNSS Spider v4.3 software package.
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Fig. 2. Location of the study land parcel on the OpenStreetMap cartographic base.
Source: compiled by the authors.

The differential field of the ZAKPOS RTK network was checked at the Synev,
Dibrova, and Pulko points of the State Geodetic Network (SGN) using coordinates
obtained from the Administrator of the Geodetic Data Bank. The discrepancies in the
coordinate values of the control points did not exceed 0.5 m, which complies with
Clause 8 of the «Procedure for the Use of the State Geodetic Reference Coordinate
System USK-2000 in Land Management Works» [15]. Based on the RTK
observations, the turning points of the land parcel boundary were georeferenced to the
points of the State Geodetic Network (SGN), as shown in Fig. 3a. The coordinates of
the turning points of the study land parcel boundary were determined from GNSS
observations (Fig. 3b) and served as the initial spatial basis for subsequent

geoinformation processing.



At the next stage, the coordinate data were imported into the QGIS software
environment, where a polygonal boundary of the land parcel was created from the point
layer of characteristic points. The geometric characteristics of the land parcel were
determined, the correctness of its geometry was verified, and attribute information was
generated. For visual control of the spatial position of the boundary, the land parcel

contour was overlaid on the orthophoto base.
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Fig. 3. Geodetic support for determining the land parcel boundaries: a — scheme
of georeferencing to points of the geodetic network; b — scheme for determining
the coordinates of the boundary turning points of the land parcel. Source:
compiled by the authors.

UAV-based aerial surveying was carried out to enhance the information content
of the geoinformation model and to obtain an up-to-date, detailed spatial basis for the
study area. During flight mission planning, the configuration of the land parcel was
taken into account to ensure complete coverage of the study area. The total number of
planned photographs was 652, with a calculated flight altitude of 100 m, a flight speed
of 8 m/s, and an approximate route length of 7.36 km. The designed aerial survey route

(Fig. 4a) provided the source materials required for subsequent photogrammetric

processing and integration of the results into the geoinformation environment.



Fig. 4. Aerial surveying of the study land parcel: a — UAV flight route
scheme; b — orthophoto map based on photogrammetric processing results.
Source: compiled by the authors.

As a result of the photogrammetric processing of the aerial survey materials, an
orthophoto map of the study area was generated (Fig. 4b). The integration of the
orthophoto map into the GIS environment made it possible to overlay the vector
boundaries of the land parcel onto the actual image of the terrain and to visually verify
its spatial position relative to land-use contours, the road network, and other territorial
elements. As a result, a hypsometric matrix of the relief of the study area was
constructed (Fig. 5a), and the spatial differentiation of the relief was represented in
digital form as a digital elevation model (DEM) (Fig. 5b). Further morphometric
analysis of the land parcel area made it possible to compile a slope steepness map. The
resulting map provides a basis for assessing the conditions of agricultural use of the
territory and for carrying out land management works (Fig. 5c¢).

A 35 kV overhead power line (PL) passes through the study land parcel and was
identified during the geoinformation processing of the spatial data. The power line was
represented as a separate thematic layer, which made it possible to examine in detail

its spatial position relative to the boundaries of the land parcel and adjacent objects

(Fig. 6).
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Fig. 5. Morphometric characteristics of the relief of the study land parcel: a
— elevation matrix derived from photogrammetric processing of UAV data; b —
digital elevation model with contour lines; ¢ — slope steepness map. Source:
compiled by the authors.
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Fig. 6. Spatial location of the 35 kV power line and its protection zone within the
study land parcel. Source: compiled by the authors based on data from the Public
Cadastral Map of Ukraine, layer “Agro-Production Soil Groups” [16].

A separate layer representing the power line and its protection zone made it
possible to determine the part of the land parcel subject to the relevant land-use
restrictions. For 35 kV overhead power lines, the protection zone is established at a
distance of 15 m on both sides from the outermost conductors in their undeflected
position [14]. As a result of the spatial overlay of the layers, a part of the land parcel

with an area of 0.9900 ha was identified as being subject to the protection zone regime



of the 35 kV power line. The use of GIS enables spatial accounting of land-use
restrictions associated with engineering infrastructure facilities.

Attribute information on the cadastral number, area, ownership form, designated
land use, land-use type, and existing restrictions was linked to the created polygon
model (Table 1). Thus, GIS makes it possible to combine the spatial geometry of the
land parcel with its key land management characteristics in the form of a system of

thematic layers for subsequent use in spatial analysis (Fig. 7).

1. Structure of the Thematic Layers of the Geoinformation Project for the

Study Land Parcel
Layer Geometry Type Main Content Functional Purpose
formation of the spatial
land parcel polygon land parcel contour, area calculation,
and spatial analysis
storage of coordinates of
furning points points bogndary turning characteristic points and
points control of boundary
position
representation of boundary
parcel boundary line land parcel boundary configuration and

determination of boundary
segment lengths

visual control of the spatial
orthophoto raster orthophoto base position of objects and
actual land use

analysis of elevation

DEM raster elevation model characteristics and
landform features
determination and mapping

slope raster slope steepness of the spatial distribution
of slopes
representation of the

power line 35kv line 35 kV power line location of an engineering

infrastructure object
identification and analysis

. 35 kV power line .
protection_zone polygon p of areas subject to land-use
protection zone ..
restrictions
. . analysis of soil cover and
. agro-production soil o .
soil_groups polygon determination of soil-

roups
g p contour areas

Source: compiled by the authors.
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Fig. 7. Organization of spatial and attribute data of the land parcel in the
QGIS environment: a — representation of the land parcel polygon and its attribute
characteristics; b — structure of thematic layers and the geospatial database.
Source: compiled by the authors.
The spatial overlay of the land parcel polygon with the thematic layer of agro-
production soil groups enabled the integration of soil data. The boundaries of

individual soil contours within the study area were identified using geoinformation




analysis, and their areas were calculated. This made it possible to combine the
geometric characteristics of the land parcel with the qualitative characteristics of the

soil cover within a unified geoinformation structure (Fig. 8).
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Fig. 8. Soil-spatial characteristics of the study area: a — scheme of natural-
agricultural zoning of Rivne Region; b — spatial distribution of agro-production
soil groups within the land parcel. Source: compiled by the authors based on data
from the Public Cadastral Map of Ukraine, layers “Agro-Production Soil Groups” and
“Natural Agricultural Zoning” [16]

To determine the affiliation of the study land parcel with the corresponding
natural-agricultural district, the natural-agricultural zoning of Rivne Region was used
[16;17]. Overlaying the land parcel boundaries with the layer of agro-production soil
groups forms a spatial basis for applying normative monetary valuation indicators.
Geoinformation processing makes it possible to measure the areas of individual soil
contours and integrate them with the corresponding valuation characteristics. Thus,
GIS ensures the spatial consistency of cadastral, soil, and valuation data required for
the preparation of normative monetary valuation materials.

The preparation of land management cartographic materials was carried out at the
final stage of geoinformation processing. The generated spatial layers formed the basis

for preparing the graphical materials of land management documentation, detailing the



geometry of the land parcel, its boundaries, land-use composition, and spatial
characteristics. This approach ensured the consistency of geodetic, cadastral, and
thematic data and made it possible to use a unified spatial basis for preparing the
graphical component of land management documentation. As a result, GIS serves not
only as a tool for cartographic visualization but also as a unified environment for the
comprehensive integration and presentation of the results of land management
activities.

Conclusions. Based on the results of the study, the digital transformation of
geodesy and land management should be regarded as a transition toward the integration
of heterogeneous spatial data within a unified geoinformation environment. The use of
GIS enables the integration of the coordinates of boundary turning points, land parcel
boundaries, cadastral information, orthophotographic materials, agro-production soil
groups, and information on land-use restrictions. The practical validation resulted in
the generation of an orthophoto map and a digital elevation model, analysis of slope
steepness, integration of soil characteristics, and identification of 0.9900 ha of land
subject to the protection zone of the 35 kV power line. This result reflects the
development of GIS as a fundamental tool for the analysis and visualization of
geospatial information. At the same time, the use of high-precision geodetic data as the
initial spatial basis demonstrates the importance of modernizing geodetic support for
cadastral and land management activities. This demonstrates the transition from
individual measurements to comprehensive geoinformation processing of the study
object.

Further development of the digital transformation of geodesy and land
management should be associated with improving the automated integration of
heterogeneous geospatial data, expanding spatial analysis capabilities, and developing
standardized digital workflows for land management tasks.
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M.C. Kynnubka, A.B. Ilanacwok, C.C. IcbkoB
[MUDPPOBA TPAHCO®OPMAIIISI T'EOJE3I TA 3EMJIEYCTPOIO B
YMOBAX PO3BUTKY I'EOTH®OPMAIIIMHUX TEXHOJIOT'TH

Anomauia. Y cmammi po3eisimymo  poib 2e0iHpOPMAYiUHUX MEXHONI02I Y
yughposiii. mpancgopmayii cyyacnoi eeodesii ma 3emneycmporo. IIpedocmasneno
yugposi  poboui npoyecu OnpaylO8aHHsA NPOCMOPOBUX OAHUX Y EOUHOMY

iHhopmayitino-mexnonociyvnomy yuxii. Ilpakmuuno anpobosano @GyHKYIOHATbHI


https://doi.org/10.33271/crpnmu/81.209
https://europeanscience.org/index.php/4/article/view/1004
https://zakon.rada.gov.ua/laws/show/1455-2022-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/z1646-16#Text
https://map.land.gov.ua/

mooxcnueocmi  I'IC Ha  3emenvuii  OinaAHyi  KOMYHANbHOI  81ACHOCH
CLIbCLKO20CN00ApCbKo2o npusnavenHs niaowero 21,9068 ea, posmawioganiti Ha
mepumopii  /[10bkosuybkoi mepumopianvHoi epomaou  Pignencvkoco paiiony
Pisnencoroi obnacmi. Ilio uac 00cnioxcenHs BUKOHAHO KOMNJIEKC 2e00e3UtHUX
sumiprosanv i3 eukopucmanuam  GNSS-mexuonociti  y  pexcumi  RTK,
aepoghomo3HiManHsa 3a 00NOM020t0 be3nitomuoco rimanviozo anapama (BIIJIA) ma
Gdomoepammempuune onpayro8anHs mamepianie. Y cepedosuwyi npoecpamHoco
komnaexcy QGIS peanizoeano inmezpayito pi3HOMUNHUX NPOCMOPOBUX OAHUX OJiA
OMPUMAHHA ~ KOOPOUHAM  NOBOPOMHUX  MOYOK  MedCi  3eMelbHOI  OLIAHKU,
opmogomonnany, yughposoi mooeni peavedpy (LIMP), kapmoepamu KpymuzHu cxXuuis,
00 ‘ekmis inoceneproi inppacmpyxkmypu (I1J1 35 kB ma ii oxoponHoi 301u), a maxoaic
azposupobruuux epyn ipyumis. Qorpynmosano ponv cyuacuux I'IC ne nuwe ax 3acoby
Kapmozpag)yeammsi, a sik KOMNJIEKCHO20 cepedosuuia Oisi AGMOMamu3ayii NpOEKMHUX
piuieHb, npocmopo8o2o auanisy ma KOHMpOTIo 3eMiAeKopucmyeants. Pezyrvmamu
O00CTIONCEHHST MOJICYMb OYMU BUKOPUCIAHT OJis1 B00CKOHANCHHS YUPDPOBUX POOOUUX
npoyecie y cgepi 3emaeycmpoio, 6e0eHHs 3eMelbHO20 Kadacmpy mda YNpaeiiHH:A
3eMeNbHUMU PecypCcamu mepumopiaibHux e2pomao.

Knwuoegi cnoea: ceooesis, zemneycmpii, yugposa mpancgopmayis, 2eoinpopmayitii
mexHon02ii, 2ceonpocmoposi oawi, npocmoposuti ananiz, QGIS, azposupodbnuui epynu

[pYHMIG.



