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The article examines modern digital technologies and their role and significance 

in the field of geodesy and land management. The implementation of digital 

transformations in the production process of managerial decision-making in the field 

https://creativecommons.org/licenses/by-nc-sa/4.0/


of territorial development is considered, driven by increasing requirements for the 

accuracy, timeliness, and interoperability of spatial data. The aim of the study is to 

analyze the effectiveness of implementing digital technologies, including GNSS 

technologies, UAV photogrammetry, GIS, artificial intelligence, and others, in the land 

management production cycle, as well as to determine their development prospects in 

this field. The evolutionary development of the technical equipment of the industry is 

presented. A substantial increase in the in formativeness of spatial data was achieved 

through the transition from traditional total station surveying methods to digital 

technologies. An analytical justification for the effectiveness of using digital tools in 

geodesy and land management has been developed, based on a system of indicators of 

accuracy, productivity, and economic feasibility. The proposed workflow was tested, 

confirming the advantages of using UAVs and GNSS receivers in terms of lab our 

intensity, productivity, and spatial data detail during the land inventory of a 10.7154 

ha land parcel located within the Zoryanska Territorial Community, Rivne District, 

Rivne Region. The prospects for the development of the industry are identified, 

particularly those related to the implementation of artificial intelligence for predictive 

analytics of land resources, Digital Twins technologies for territories, and blockchain 

solutions to ensure data security in cadastral registers. Future vectors for the 

development of geodesy and land management have been defined. They involve a 

transition from discrete measuring instruments to autonomous intelligent systems, 

along with the need for a corresponding transformation of the professional training 

system and the expansion of specialists’ skills in spatial modelling and intelligent data 

management. 

Keywords: geospatial data, geographic information systems (GIS), GNSS, 

unmanned aerial vehicles (UAVs), photogrammetry, remote sensing, artificial 

intelligence, digital twins, blockchain. 

 

Problem Statement. The development of geodesy and land management at the 

present stage is determined by increasing requirements for the accuracy, completeness, 

relevance, and interoperability of spatial data. These parameters directly influence the 



effectiveness of decision-making in the field of land administration and the formation 

of a geospatial information database. In the context of Ukraine’s European integration, 

digital technologies provide the foundation for harmonising the national geospatial data 

system with the requirements of Directive 2007/2/EC INSPIRE [1], which provides for 

the standardisation, accessibility, exchange, and interoperability of spatial information 

[2]. 

Analysis of recent research and publications. The current development of 

geodesy and land management is closely connected with global digitalization, which 

necessitates a reconsideration of traditional approaches to the collection, processing, 

and management of geospatial data. A key aspect of the digital transformation of the 

industry is the automation of management processes. The studies by O. Stupen, N. 

Prokopenko, and S. Shevchuk [3] emphasize that the digital transformation of the land 

management system is an essential condition for the effective protection and use of 

land resources. In the context of Ukraine’s national challenges, O. Nesterenko and P. 

Yatsuk [4] analyze geographic information systems as a key element of the national 

information infrastructure, ensuring effective management of territories, natural 

resources, defense, and security. The relationship between geodetic support and the 

functioning of GIS for improving land management in Ukraine is examined in detail 

in the work of M. Kukhar and co-authors [5], where the importance of categorical data 

modelling is substantiated. D. Bulysheva [6] and T. Movchan [7] emphasize the 

importance of applying innovative approaches to recreational land resource 

management, land monitoring, and the development of digital territorial passports, 

which contributes to improving the quality of designing and substantiating measures 

aimed at achieving the expected outcomes. 

Technological advances in geodetic surveying methods have significantly 

expanded the capabilities of spatial analysis. In particular, the use of unmanned aerial 

vehicles (UAVs) for high-precision terrain modeling, as described in [8], is gaining 

widespread practical application for modern cadastral needs. Furthermore, the study 

analyzes the current state of digital transformation in Ukraine and the principles of its 

implementation in geodesy and land management [9]. The field under study cannot 



exist without digital technologies, as land management surveys–including engineering-

geodetic, engineering-geological, engineering-economic, engineering-

hydrometeorological, and engineering-technical surveys–are carried out using modern 

digital equipment, while the processing of their results is performed with specialized 

software, confirming the high adaptability of these technologies to specific sectoral 

tasks [10], such as cultural heritage preservation in the context of current urbanization 

trends [11] and the efficient use of land resources across natural and agricultural zones 

[12].  

The issue of implementing the concept of Digital Twins as a tool for land resource 

management, based on the experience of South Korea [13], demonstrates a high level 

of real-time data integration. At the same time, the application of machine learning 

methods within the Land Administration Domain Model (LADM) and structural topic 

modelling [14] opens up new prospects for the automation of complex administrative 

procedures. 

The purpose of the study is to analyze the effectiveness of implementing digital 

technologies, including GNSS technologies, UAV photogrammetry, GIS, artificial 

intelligence, and others, in the land management production cycle, as well as to 

determine their development prospects in this field. To achieve the aim, the following 

objectives were set: 1) to analyse the evolution of digital tools; 2) to conduct an 

experimental comparison of the methods at a test site; and 3) to assess the advantages 

and limitations of using UAVs and GNSS technologies during the inventory of a land 

parcel. 

Materials and methods of research. The source base of the study comprised 

publications by Ukrainian and international authors on land management, geodesy, and 

geoinformatics. The study employed general scientific and specialised methods, 

including deduction for the systematisation of knowledge, the analytical method for 

reviewing the literature on GIS, remote sensing, and artificial intelligence in land 

administration, and comparative analysis for comparing traditional and digital 

methods. The practical component of the study was based on a pilot experiment 

conducted under real-world operational conditions. 



Study object. The study object was a municipally owned agricultural land parcel 

with an area of 10.7154 ha, located within the Zoryanska Territorial Community, Rivne 

District, Rivne Region. 

Hardware and instrumentation. GNSS equipment. GNSS equipment: a high-

precision A-GEO GeoPuls GNSS receiver supporting RTK measurements, with a 

specified accuracy of ±(8 mm + 1 ppm) horizontally and ±(15 mm + 1 ppm) vertically 

[15]. A DJI Mavic 3 Pro quadcopter UAV equipped with a Hasselblad main camera 

featuring a 4/3 CMOS sensor and a resolution of 20 MP [16]. Geodetic equipment: a 

Sokkia CX-105 electronic total station with a specified angular measurement accuracy 

of 5″ and prism distance measurement accuracy of ±(2 mm + 2 ppm × D), which was 

used for control and conventional total station surveys during the parallel comparative 

experiment [17]. 

Software. Agisoft Metashape was used for the photogrammetric processing of 

aerial imagery, image alignment, dense point cloud generation, and the creation of a 

high-resolution orthophoto. The Digitals software package was used for office 

processing, interpretation of aerial imagery, vectorisation of boundaries, and 

preparation of land management documentation. AutoCAD was used to edit vector 

data, construct boundaries, and prepare the land parcel plan. The DJI Fly mobile 

application was used to configure UAV parameters and monitor its operation, while 

3Dsurvey Pilot was used to plan the flight mission, define the boundaries of the study 

area, and generate the aerial survey route. 

Experimental procedure and work stages: the comparison of conventional and 

digital methods was conducted by performing the work in parallel on a test site 

according to the following step-by-step algorithm: 

1. Establishment of survey points and geodetic control. A local survey network 

was established using the A-GEO GeoPuls GNSS receiver in RTK mode, with 

reference to the national geodetic network and subsequent operation in the SK-63 

coordinate system, Zone X2, to ensure a common coordinate framework. The root 

mean square errors of the boundary coordinates obtained from satellite measurements 

did not exceed 2.0 cm in the horizontal position (maximum horizontal RMSE = 0.020 



m) and 3.1 cm in the vertical position (maximum vertical RMSE = 0.031 m), which 

met the applicable technical accuracy requirements for this type of geodetic work. 

2. Aerial survey of the study area. The flight mission was planned in the 3Dsurvey 

Pilot mobile application by defining the boundaries of the study area, flight altitude, 

image ground sampling distance, and UAV route. The forward image overlap was 

80%, the side overlap was 70%, and the calculated GSD was 1.3 cm/pixel. The aerial 

survey was carried out using the DJI Mavic 3 Pro UAV in automated mode. In parallel, 

control measurements were performed using a Sokkia CX-105 electronic total station. 

3. Office processing. The aerial imagery and the coordinates of the ground control 

points were imported into Agisoft Metashape. Office processing included image 

alignment, georeferencing of the photogrammetric model, dense point cloud 

generation, creation of a digital surface model, and orthophoto generation. The 

accuracy of the resulting materials was assessed from the coordinate residuals at the 

check points. 

4. Vectorisation and analysis. Based on the orthophoto, the boundaries of the land 

parcel and the internal land-use contours were vectorised in Digitals and AutoCAD, 

and their areas were calculated. The results of the digital method were compared with 

the total station survey data in terms of the horizontal position of characteristic points, 

parcel area, field and office labour intensity, and total person-hours. 

Results and Discussion. Over the past decades, the development of geodesy and 

land management has been characterized by a gradual transition from basic 

digitalization to the formation of intelligent geospatial ecosystems (Table 1). [1;2;18-

22]. 

Table 1. Evolution of digital technologies in geodesy and land management 

2000-2005 

Beginning of 

digitalization 

2006-2012 

Formation of 

digital 

infrastructure 

2013-2019 

Integration and 

automation 

2020-2025 

Digital 

transformation 

2026-2035 

Intelligent 

geospatial 

ecosystem 

Transition from 

analogue to 

electronic 

instruments; use 

of GPS; creation 

of digital plans 

in CAD systems; 

Use of GNSS 

with dual-

frequency 

receivers; 

creation of 

networks of 

continuously 

Widespread use of 

UAVs and aerial 

photography; 

development of 

LiDAR and 3D 

modelling; cloud 

computing and 

Artificial intelligence 

and machine 

learning; automatic 

object recognition; 

digital twins of 

territories; 

integration of BIM 

Full integration of 

AI, IoT, 5G/6G, 

Edge and cloud 

technologies; 

autonomous data 

collection systems, 

including drones, 



emergence of 

the first GIS 

platforms. 

operating 

reference 

stations; 

development of 

GIS and spatial 

databases; digital 

photogrammetry; 

laser scanning as 

an emerging 

technology.. 

services; 

integration of GIS 

with cadastres and 

registers; mobile 

GIS and field 

applications; 

automation of data 

processing.. 

and GIS; Big Data 

and analytics; 

Internet of Things in 

land monitoring; 

blockchain for land 

rights registration.. 

ground robots and 

sensors; 

hyperautomation of 

geodetic and land 

management 

processes; global 

open geodata and 

interoperability; 

sustainable 

development and 

green monitoring; 

implementation of 

the Smart Land 

Management 

concept.. 

Stage result: 

The State 

Programme for 

the 

Development of 

Topographic 

and Geodetic 

Activities was 

approved, and 

the 

establishment of 

a digital 

cartographic 

framework was 

initiated. 

Stage result: 

The regulatory 

and 

technological 

foundations for 

the operation of 

the State Land 

Cadastre as a 

unified 

geoinformation 

system were 

established. 

Stage result:  

The automated 

State Land 

Cadastre system 

was implemented, 

and the Public 

Cadastral Map of 

Ukraine was 

launched.. 

Stage result:  

The legal and 

technical foundations 

for the National 

Geospatial Data 

Infrastructure and the 

interoperability of 

geoinformation 

resources were 

established.. 

Stage result: The 

formation of an 

integrated intelligent 

geospatial ecosystem 

with automated data 

updating and 

analysis is expected.. 

Source: systematised by the authors based on Ukrainian regulatory documents and scientific 

publications [1;2;18-22]. 

At the present stage, digital technologies encompass the entire cycle of geodetic 

and land management activities aimed at creating a unified digital environment of 

reliability, in which each coordinate position has a verified origin and each 

measurement procedure possesses metrological validity and legal relevance [18]. 

Geographic information systems (GIS) are among the key digital technologies that 

support the visualisation and analysis of spatial data, the creation of electronic maps, 

the justification of land allocation, and the detection of changes in land-use structure. 

Remote sensing and the use of satellite data are important tools for modern land 

monitoring [9]. These tools make it possible to obtain high-precision data on the 

condition of remote areas, sites with complex terrain or unfavourable conditions, and 

territories affected by military operations without requiring the physical presence of 

specialists at the site. 



Modern GNSS receivers supporting RTK, Network RTK, and PPP technologies 

make it possible to determine coordinates with centimetre-level accuracy in real time, 

which significantly expands the functional capabilities of land resource management 

and urban development systems [18]. An example of successful implementation is 

represented by integrated networks in Serbia, which have demonstrated progress in 

geodetic infrastructure that is vital for consistent data collection. The combination of 

aerial photogrammetry and GNSS data provides highly detailed and up-to-date 

information on the condition of agricultural and forest lands, ensuring high reliability 

of land monitoring results [23]. In addition, GNSS helps monitor geodynamic 

processes, which contributes to a better understanding of environmental changes and 

reduces the risks of natural disasters. Scientific studies confirm that, compared with 

traditional geodetic methods, the use of GNSS equipment for slope deformation 

monitoring enables high-precision observations of shore protection structures, the 

identification of active landslide zones, and the development of recommendations 

regarding the conditions and specific features of further monitoring [24]. 

Unmanned aerial vehicles (UAVs) are becoming an integral tool in the fields of 

geodesy and land management. Aerial surveying significantly improves the efficiency 

of spatial analysis, reduces the time required for office processing of survey data, and 

ensures a high level of detail in the surveyed objects. Using automated 

photogrammetric processing software such as Pix4D, ContextCapture, Photoscan, and 

others, aerial photographs are converted into high-precision continuous orthophoto 

images or digital terrain models, eliminating geometric distortions and ensuring high-

quality materials. The integration of modern methods such as automated geodata 

processing and GIS tools has become a key condition for the effective management of 

land resources [25]. The use of GNSS technologies and UAVs makes it possible to 

create high-precision orthophoto plans and digital elevation models, thereby improving 

the accuracy and economic efficiency of cadastral and land management works. Such 

materials provide the necessary level of detail in cartographic data for water fund lands, 

where traditional geodetic methods are ineffective due to complex terrain and 

unfavourable environmental conditions [18]. 



Laser scanning (LiDAR) is regarded as an advanced technology for collecting 

spatial data, enabling the creation of high-precision 3D models regardless of terrain or 

vegetation conditions. The operation of the system is based on the principle of 

measuring the return time of laser pulses reflected from the Earth’s surface. 

Synchronization of sensor data with navigation systems (GPS/INS) during the 

movement of the carrier enables the conversion of distances into an array of three-

dimensional coordinates, known as a point cloud, with detailed visualization of objects. 

LiDAR technology has found wide application in monitoring transport bridges for 

dynamic loads, vibrations, and cyclic deformations that may lead to structural failure. 

In the monitoring of residential and public buildings, the main focus is on identifying 

defects in load-bearing structures, monitoring foundation settlement, and assessing the 

impact of climatic factors and the degradation of building materials [26]. This research 

area is particularly relevant for identifying damage to real estate objects caused by the 

consequences of military actions [27]. In particular, the use of LiDAR technology 

significantly increases the effectiveness of urban morphology analysis and assessment 

of the condition of green spaces [14;27]. 

The integrated use of remote sensing and GIS technologies makes it possible to 

carry out digital modelling of community lands based on up-to-date data, while 

ensuring high accuracy of the work. A digital land-use model is applied for the effective 

management of land resources, assessment of the condition of water bodies, monitoring 

of forest dynamics, and monitoring of agricultural lands, among other purposes. 

Geoinformation modelling makes it possible to identify cases of improper land use or 

unauthorized occupation of land plots. This, in turn, allows tax revenues to be 

optimized, proper environmental supervision of protected zones to be ensured, and 

transparent mechanisms for land resource management to be implemented at the level 

of territorial communities [28]. 

Cloud computing technologies, as a direction of digital transformation, are 

intended for the centralized storage of large volumes of geospatial data, ensuring their 

backup, synchronization, and remote access regardless of the location where the work 

is performed. Cloud services are focused on the functioning of unified digital land 



management platforms, the integration of state cadastral information systems, 

geoportals, and open data services. Digital databases act as a key tool for transparent 

land relations and effective administration, providing unrestricted access to cadastral 

information. Since every operation in an electronic system is subject to clear 

monitoring, this makes it possible to significantly reduce the bureaucratic burden and 

eliminate the prerequisites for corruption [29]. 

Land resource management requires the development of an integrated system for 

registering land plots and rights to them. This task can be addressed through the 

implementation of blockchain technology, which makes it possible to minimize the 

shortcomings of existing registration systems. The decentralized architecture of 

blockchain with a distributed ledger provides a high level of cryptographic data 

protection, eliminating the possibility of data falsification. The system enables 

authorized participants to carry out transparent monitoring of transactions, changes in 

the status of objects, and imposed restrictions. However, the key technological 

challenge remains ensuring the efficient processing of large volumes of spatial and 

cadastral data within such a system [30]. 

The implementation of Big Data technologies is an optimal tool for analytics and 

the adoption of well-founded management decisions. This technology ensures the 

comprehensive processing of structured and unstructured data and is characterized by 

high processing speed, dynamic updating, and a variety of information presentation 

formats [4]. 

One of the most promising trends is the formation of Digital Twins of territories, 

which are integrated digital models of real objects or territories with the possibility of 

continuous real-time updating [11]. Digital Twins ensure the integration of geodetic 

measurement data, remote sensing data, sensor monitoring, cadastral information, and 

spatial analysis results into a single information environment. The term “Digital Twin” 

describes the process of creating a large virtual copy of a real object or environment 

[13;31]. 

The introduction of artificial intelligence (AI) and machine learning algorithms 

opens up new opportunities for the automation of geodetic processes. Modern AI 



algorithms make it possible to automatically classify objects based on remote sensing 

and aerial photography materials, identify land parcel boundaries, monitor land use, 

predict land-use changes, and detect violations of land legislation. The advantages of 

applying AI include reduced processing time for geospatial information, increased 

accuracy of analysis, and minimized subjective influence of the operator [3;18]. 

Algorithms such as Random Forest (RF), Convolutional Neural Networks (CNN), and 

Support Vector Machines (SVM) are most suitable for classifying and analyzing 

patterns in Earth observation data. Generative Adversarial Networks (GANs) are used 

for modelling urban patterns. In addition, algorithms such as cellular automata, spatial 

logistic regression, and agent-based modelling are used to study urban growth, land-

use changes, and settlement pattern analysis [32]. 

Current studies on the evolution and future prospects of digital technologies 

indicate their growing popularity worldwide and their significant potential in 

supporting a four-level production cycle in geodesy and land management, ranging 

from field data collection to cloud-based management. The implementation of 

technologies such as blockchain, Big Data, and artificial intelligence ensures the rapid, 

technically substantiated, and economically efficient solution of complex sectoral 

tasks. The first stage of digital innovations in the industry alone made it possible to 

reduce production time costs by 40–60% [6;11;14]. Based on the current state of 

development of land-use planning tools and taking into account the dynamics of 

emerging technologies in the industry, the key prospects for the future of digital tools 

have been identified (Table 2) [9;18;27;33]: 

Table 2. Integration of the Technological Workflow and Development 

Forecasts 

Level / Stag Current state 
Promising technologies and 

development vectors 

Field GNSS, UAVs, laser scanning 
Autonomous robotic complexes, real-

time sensors (IoT) 

Office / 

Processing 

Photogrammetry, point cloud 

processing 

Hyperautomation, cloud-based 

processing “on the fly” (Edge 

Computing) 

Analytica GIS modelling, monitoring 
AI analytics, predictive models of 

land-use changes 



Management Web portals, cloud services 

Digital twins, blockchain-based 

registries, open geospatial data (Open 

Data), and Smart Land Management* 

Source: [27]. 

The widespread implementation of geospatial technologies is evident. Geographic 

Information Systems (GIS), Global Navigation Satellite Systems (GNSS), and remote 

sensing technologies are increasingly being used to improve the accuracy and 

efficiency of land management and mapping. These technologies provide high-

precision data, facilitate real-time data collection and analysis, and stimulate demand 

for more advanced land-use planning tools. 

The synthesis of AI, machine learning, and Big Data analytics has opened new 

horizons in land resource management, enabling the processing of complex datasets 

with exceptional accuracy and the creation of predictive models for analysing and 

forecasting land-use changes, as well as optimizing investment projects for 

communities. Virtual reality (VR) and augmented reality (AR) technologies improve 

or transform real-world experiences through interactive environments, expanding the 

functionality of land-use planning tools, particularly in the modelling of development 

projects. The application of Digital Twin technology will focus on the formation of 4D 

models that take into account spatial structure and dynamic changes over time, such as 

landscape transformation, the impact of development, and spatial changes. The 

prospective use of autonomous robotic complexes, or hyperautomation, involves 

surveying territories without the direct presence of an operator. This will help minimize 

the influence of the human factor and enable round-the-clock monitoring [32]. 

A new level of geodata interoperability is based on the concept of Open Data and 

the standardization of interstate cadastral data exchange protocols using 5G/6G 

networks. This will ensure rapid access to high-resolution spatial data. Replacing 

conventional databases with distributed ledgers, or blockchain, for the automated 

registration of property rights will make it possible to eliminate the risks of fraud 

through smart contracts, which are automatically executed when cadastral data comply 

with legal regulations [32]. The evolution of digital technologies requires not only 

technical modernization but also the improvement of professional training. A modern 



specialist in geodesy and land management should be not only an operator of 

measuring instruments but, above all, a strategist with skills in spatial analytics and 

intelligent systems management. Thus, the prospects for the development of the 

industry lie in the convergence of engineering knowledge and information 

technologies. 

At present, the application of digital technologies in geodesy and land 

management can be assessed in terms of their effectiveness. Such an assessment takes 

into account objective economic principles and a system of relevant quantitative 

indicators, including accuracy, time, relative cost level, and quality of integration 

(Table 3). The relative cost level was determined using a five-point scale, where 1 

represents the lowest and 5 the highest total costs. The assessment considered 

fieldwork, equipment depreciation, software, and office-based data processing. The 

score was derived from a generalised evaluation of equipment specifications, the 

duration of field and office work, and the need for specialised software and qualified 

personnel. It does not represent a calculation of the actual cost of the work. 

Table 3. Comparative characteristics of geospatial data collection methods 

with evaluation indicators 

Data collection 

method 

Accuracy 

(mm) 

Productivity 

(ha/shift) 

Relative level 

of total costs 

(1–5 points) 

Processing 

complexity 

(score 1–5) 

Total station / 

Tacheometer 

(classical) 

1–5 2–5 800–1200 1 

GNSS receivers 

(RTK) 
8–15 50–100 150–300 2 

UAVs 

(photogrammetry) 
10–30 200–500 50–100 4 

LiDAR (ground-

based)) 
2–10 1–2 2000–5000 5 

 

The effectiveness of the cycle is verified by carrying out work in parallel using 

the traditional method and the method of integrated digital modelling, followed by a 

statistical comparison of the obtained spatial data according to the criteria of accuracy 

and time costs. For testing the proposed production cycle, a municipally owned 

agricultural land plot located in the Zoria territorial community of Rivne district, Rivne 



region, was selected. An inventory of this land plot is planned in order to form it for 

the sale of lease rights at land auctions in the form of an auction (Fig. 1). The choice 

of this plot was determined by the need to verify the accuracy of UAV data integration 

under conditions of heterogeneous land use. 

 

Fig. 1. Project land plot of the Zoria territorial community: a – orthophoto plan; 

b – land plot plan. Source: compiled by the authors based on the results of field studies 

conducted in 2026. 

The area of the land plot is 10.7154 ha. The plot has a complex configuration, including 

broken boundaries and an internal contour classified as “arable land,” which makes it 

possible to demonstrate the advantages of the modern production cycle. The analysis 

of the effectiveness of the land plot inventory is presented in Table 4. 

Table 4. Analysis of the effectiveness of land inventory 

Evaluation criterion 

Conventional 

method (total 

station surveying) 

Digital method 

(UAV + GNSS) 

Effect of 

digitalisation 

Field labour 

intensity 
32 person-hours 1.5–2 person-hours 

Reduction by 

approximately 16–21 

times 

Office labour 

intensity* 
4–6 person-hours 4–6 person-hours 

Comparable duration 

despite the different 

nature of the 

operations 

Total labour 

intensity 
36–38 person-hours 5.5–8 person-hours 

Reduction by 

approximately 4.5–7 

times 

Volume of data 

obtained 

Coordinates of 22 

boundary turning 

points 

Dense point cloud 

and orthophoto 

Increased spatial 

detail 



Boundary 

delineation 

Based on the results 

of individual 

measurements 

Based on the 

orthophoto and point 

cloud 

Reduced risk of 

omitting boundary 

details 

*The office labour intensity of the total station method was estimated based on the typical sequence 

of operations, including data transfer and verification, coordinate calculations, boundary delineation, 

and preparation of graphical materials. For the digital method, only the operator’s active involvement 

during photogrammetric processing was considered, without fully accounting for autonomous 

computer processing time. 

In the present study, the duration of fieldwork was reduced from two working 

shifts to 1.5–2 hours, representing an approximately 8–10-fold decrease. However, 

when photogrammetric image processing, point cloud generation, orthophoto 

production, and boundary vectorisation were taken into account, the reduction in total 

labour intensity was smaller and amounted to approximately 4.5–7 times. This result 

confirms that the greatest time savings are achieved during the field stage, whereas the 

office processing of UAV data remains relatively time-consuming and requires 

specialised software. The results obtained are generally consistent with the findings of 

other researchers regarding the reduction in the labour intensity of geodetic and land 

management works through the use of UAVs. In particular, V. Tarnavskyi [8] notes 

that unmanned technologies can significantly reduce the duration of the field stage 

while simultaneously increasing the level of detail of spatial data. O. Braslavska [31] 

also emphasises the advantages of automated aerial surveying over conventional 

ground-based surveying, particularly in terms of productivity, completeness of 

territorial coverage, and the possibility of reusing the acquired materials. 

The differences between the results obtained in this study and the findings of other 

researchers [8; 31] may be attributed to the area and configuration of the site, the 

number of boundary turning points, terrain openness, field crew composition, the 

method of geodetic control, flight parameters, and the processing capacity of the 

equipment used for photogrammetric analysis. In this study, the substantial reduction 

in field labour intensity was associated with the relatively small area of the site–

10.7154 ha–its open terrain, and the possibility of covering the entire area in a single 

automated aerial survey flight. By contrast, under conditions of more complex terrain, 

dense development, forest cover, or the need for repeated flights, the advantages of the 

digital method may be less pronounced. 



Conclusions. During the study, digital technologies in the field of geodesy and 

land management were analyzed. Geographic Information Systems (GIS), Global 

Navigation Satellite Systems (GNSS), and remote sensing technologies ensure the 

acquisition of high-precision data, facilitate their collection and analysis in real time, 

and create demand for more advanced land-use planning tools. The integration of 

artificial intelligence (AI), machine learning (ML), and spatio-temporal Big Data 

algorithms makes it possible to create high-precision terrain plans, maps, and digital 

elevation models. This optimizes the processes of object recognition, image 

classification, and predictive analysis of land resource use. Blockchain technology 

creates a transparent and reliable system for registering ownership rights to land plots. 

Its use ensures data exchange through a unified platform for public authorities, 

landowners, and project developers, preventing fraud and disputes. Overall, digital 

technologies improve the quality of geodetic works and contribute to saving time and 

resources, creating conditions for the transition from traditional methods of data 

collection to intelligent land administration systems. In such systems, autonomy, 

analytics, prompt decision-making, and full real-time digital integration are priorities. 

It has been demonstrated that the use of UAVs helps minimise errors associated with 

omitted boundaries in areas with complex configurations. The pilot study established 

that the application of UAVs and GNSS reduced the duration of the field stage from 

two working shifts to 1.5–2 hours. Taking office processing into account, the total 

labour intensity of the digital method was 5.5–8 person-hours, compared with an 

estimated 36–38 person-hours for the total station method, representing an 

approximately 4.5–7-fold reduction. 

Further research on the implementation of digital technologies in the field of 

geodesy and land management should focus on their practical application in ensuring 

the sustainable development of territories, combating climate change, and overcoming 

the consequences of military actions. 

References 

1. European Parliament and Council of the European Union. (2007, march 14) Pro 

stvorennya Infrastruktury prostorovoyi informatsiyi u Yevropeysʹkomu Spivtovarystvi 



(INSPIRE) [Establishing an Infrastructure for Spatial Information in the European 

Community (INSPIRE)] (Directive 2007/2/EC №. 984_002-07). Available at: 

https://zakon.rada.gov.ua/laws/show/984_002-07#Text [in Ukrainian]. 

2. Verkhovna Rada of Ukraine. (2020, april 13) Pro natsionalʹnu infrastrukturu 

heoprostorovykh danykh [On the National Geospatial Data Infrastructure] (Law of 

Ukraine № 554-IX]. Available at: https://zakon.rada.gov.ua/laws/show/554-20#Text 

[in Ukrainian]. 

3.Stupenʹ, O. I., Prokopenko, N. I., Shevchuk, S. M. (2025) Tsyfrova 

transformatsiya systemy zemleustroyu: avtomatyzatsiya upravlinsʹkykh protsesiv u 

sferi vykorystannya ta okhorony zemelʹnykh resursiv [Digital transformation of the 

land management system: automation of management processes in the field of use and 

protection of land resources]. Zbirnyk naukovykh pratsʹ Ukrayinsʹkoho derzhavnoho 

universytetu zaliznychnoho transport [Collection of scientific papers of the Ukrainian 

State University of Railway Transport], 212, 172-184. https://doi.org/10.18664/1994-

7852.212.2025.336296 [in Ukrainian] 

4. Nesterenko, O.V., Yatsuk, P.P. (2026) Rozvytok heoinformatsiynykh system 

yak tekhnolohichna innovatsiyna stratehiya [Development of geoinformation systems 

as a technological innovation strategy]. Ekolohichna bezpeka ta pryrodokorystuvannya 

[Ecological safety and nature management], 1 (57), 141-161. 

https://doi.org/10.32347/2411-4049.2026.1.141-160 [in Ukrainian] 

5. Kukhar, M.A., Masliy, L.O., Voronkov, O.O. (2026) Atehorialʹne 

modelyuvannya intehratsiyi heodeziyi ta HIS dlya vdoskonalennya zemleustroyu 

Ukrayiny [Categorical modeling of geodesy and GIS integration for improving land 

management in Ukraine]. Komunalʹne hospodarstvo mist [Municipal Economy of 

Cities], 1, 196. 197-205. DOI: 10.33042/3083-6727-2026-1-196-197-205 [in 

Ukrainian]. 

6. Bulysheva, D., Movchan, T., Malashuk, O. (2021).Foresight-forecasting in the 

system of recreational land management. Geodesy and cartography, 70(1), 17. DOI: 

https://doi.org/10.24425/gac.2021.136678  [in English]. 



7. Movchan, T., Khohriakova, A., Vikulina, L. (2021) Proposal for grouping and 

passportization of soils of urbanized territories land Congress on Agriculture and 

Natural Sciences : V International Eurasian Online, (рр. 60-63) Kony, Turkey: Kony 

Food and Agricultural University (KGTU). Available at: 

https://agrieurasia.com/pdf/Metin_Tam.pdf [in English]. 

8. Tarnavsʹkyy, V.A., Siroshtan, T.M., Komarova, N.V., Kaminetsʹka, O.V. 

(2026) Intehrovani heoprostorovi pidkhody do vysokotochnoho modelyuvannya 

mistsevosti z vykorystannyam BpLAu sferi kadastru ta zemleustroyu [Integrated 

geospatial approaches to high-precision terrain modeling using UAVs in the field of 

cadastre and land management]. Ukrayinsʹkyy zhurnal dystantsiynoho zonduvannya 

Zemli [Ukrainian Journal of Remote Sensing of the Earth], 13(1), 15–24. 

https://doi.org/10.36023/ujrs.2026.13.1.291 [in Ukrainian]. 

9. Movchan, T. V., Artemov, V.O., Bakhchevan, E.V., Danʹko, T.O (2020) 

Pryntsypy tsyfrovoyi transformatsiyi i vprovadzhennya yiyi v heodeziyi ta 

zemleustroyi hospodarstv [Principles of digital transformation and its implementation 

in geodesy and land management of farms]. Ahrarnyy visnyk Prychornomorʺya. 

Ekonomichni nauky [Agrarian Bulletin of the Black Sea Region. Economic Sciences], 

96, 129-139. DOI: 10.37000/abbsl.2020.96.16 [in Ukrainian]. 

10. Artemov, V., Movchan, T., Vikulina, L. (2020) Practical use of digitalization 

in geodesy and land management. Visnyk LNAU: Ekonomika APK [Bulletin of the 

LNAU: Economics of the Agricultural Industry], 27, 167-173. 

https://doi.org/110.31734/economics2020.27.167  [in English]. 

11. Martyn, A., Novakovskyi, I., Novakovsky, D., (2024) Malashchuk, O., 

Movchan, T., Smolenska, L. Strategic Approaches to Urban Land and Cultural Legacy: 

Institutional Insights from Ukrainian Cities. Innovative and Intelligent Digital 

Technologies; Towards an Increased Efficiency. Studies in Systems, Decision and 

Control, 564, 471-481. https://doi.org/10.1007/978-3-031-70399-7_36 [in English]. 

12. Kostyukyevych, T.K., Danilova, N.V., Tolmachova, A.V., (2025) 

Movchan T.V., Malashchuk O.S. Suchasnyy stan ta efektyvnistʹ vykorystannya 

zemelʹnykh resursiv Odesʹkoyi oblasti [Current status and efficiency of land resource 



use in Odessa region.]. Zemleustriy, kadastr i monitorynh zemelʹ[Land management, 

cadastre and land monitoring], 2, 39-49. DOI: 

https://doi.org/10.31548/zemleustriy2025.02  [in Ukrainian]. 

13. Park, J., Choi, W., Jeong, T., Seo, J. (2023) Digital twins and land 

management in South Korea. Land Use Policy, 124, 106442. 

https://doi.org/10.1016/j.landusepol.2022.106442 [in English]. 

14. Mehmood, U., Ujang, U., Azri, S. (2025) Machine Learning based literature 

review of Land Administration Domain Model (LADM): a structural topic modelling 

approach. Bulletin of Geodetic Sciences, 31: e2025006. DOI 10.1590/s1982-

21702025000100006 [in English]. 

15. AlphaGEO. Available at: URL: https://systemnet.com.ua/product/alphageo-

l2/ [in Ukrainian]. 

16. DJI Mavic 3 Pro. Available at: https://www.dji.com/global/mavic-3-pro/specs 

[in Ukrainian]. 

17. Sokkia CX-105. Available at:  https://surl.li/afavzv [in Ukrainian]. 

18. Malashchuk, O.S., Movchan, T.V., Rozhi, T.A. (2025) Intelektualʹni 

tekhnolohiyi v evolyutsiyi elektronnykh heodezychnykh pryladiv: kontseptualʹni 

zasady intehratsiyi shtuchnoho intelektu v systemy prostorovoho upravlinnya ta 

heoinformatsiynoho seredovyshcha [Intelligent technologies in the evolution of 

electronic geodetic devices: conceptual principles of integrating artificial intelligence 

into spatial management systems and geoinformation environment]. Zemleustriy, 

kadastr i monitorynh zemelʹ [Land management, cadastre and land monitoring], 4, 95-

107. DOI: https://doi.org/10.31548/zemleustriy2025.04.07  

19. Cabinet of Ministers of Ukraine. (2003, january 16) Pro zatverdzhennya 

Derzhavnoyi naukovo-tekhnichnoyi prohramy rozvytku topohrafo-heodezychnoyi 

diyalʹnosti ta natsionalʹnoho kartohrafuvannya na 2003–2010 roky. [On approval of the 

State scientific and technical program for the development of topographic and geodetic 

activities and national mapping for 2003–2010] (Resolution №. 37]. Available at: 

https://zakon.rada.gov.ua/laws/show/37-2003-%D0%BF/ed20040621#Text [in 

Ukrainian]. 



20. Verkhovna Rada of Ukraine. (2011, july 7) Pro Derzhavnyy zemelʹnyy kadastr 

[On the State Land Cadastre] (Law of Ukraine №. 3613-VI). Available at: 

https://zakon.rada.gov.ua/laws/show/3613-17#Text [in Ukrainian]. 

21. Ministry of Agrarian Policy and Food of Ukraine. (2016, december 2) Pro 

zatverdzhennya Poryadku vykorystannya Derzhavnoyi heodezychnoyi referentsnoyi 

systemy koordynat USK-2000 pry zdiysnenni robit iz zemleustroyu [On approval of 

the Procedure for using the State Geodetic Reference Coordinate System USK-2000 in 

land management works] (Order № 509). Available at: 

https://zakon.rada.gov.ua/laws/show/z1646-16#Text [in Ukrainian]. 

22. Ministry of Agrarian Policy and Food of Ukraine. (2021, november 10) Pro 

zatverdzhennya tekhnichnykh vymoh do heoprostorovykh danykh, metadanykh i 

heoinformatsiynykh servisiv NIGD [On approval of technical requirements for 

geospatial data, metadata and geoinformation services of the National Geospatial Data 

Infrastructure] (Order № 347). Available at: 

https://zakon.rada.gov.ua/laws/show/z0021-22#Text [in Ukrainian]. 

23. Șmuleac, A., Șmuleac, L., Pașcalău, R., Dragomir, L., Popescu, G. (2025) 

Compensation of an integrated geodetic network composed of gnss vectors for topo-

cadastral works. Research Journal of Agricultural Scienc, 57 (2), 174-190. 

http://doi.org/10.59463/RJAS.2025.2.21[in English]. 

24. Bulysheva, D., Leonidova, I., Malashchuk, O., Movchan, T., 

Varfolomeyeva, O., Panasuk, O. (2025). Geodetic monitoring of landslide processes in 

coastal territories. Geodesy and Cartography, 51(2), 50–60. 

https://doi.org/10.3846/gac.2025.20300 [in English]. 

25. Braslavsʹka, O.V., Nesterenko, S.V., Herasymchuk, O.L. (2025) 

Dystantsiynyy heodezychnyy monitorynh: klyuchovyy instrument staloho upravlinnya 

zemelʹnymy resursamy [Remote geodetic monitoring: a key tool for sustainable land 

resources management]. Mistobuduvannya ta terytorialʹne planuvannya [Urban 

planning and territorial planning], 89, 488–502. https://doi.org/10.32347/2076-

815x.2025.89.488-502 [in Ukrainian]. 



26. Klyuyev,V., Bakulin, YE. (2025) Metody 3D-skanuvannya iz 

vykorystannyam bezpilotnykh litalʹnykh aparativ dlya otsinky tekhnichnoho stanu 

budivelʹ ta sporud [3D scanning methods using unmanned aerial vehicles to assess the 

technical condition of buildings and structures]. Nauka ta budivnytstvo [Science and 

Construction], 42(4), 60-66. https://doi.org/10.33644/2313-6679-4-2024-7 [in 

Ukrainian]. 

27. Oliynyk, H., Vasylenko, K. (2025) Intehratsiya fotohrammetriyi i tekhnolohiy 

lidar u systemu arkhitekturnoyi osvity Ukrayiny: vyklyky ta perspektyvy [Integration 

of photogrammetry and lidar technologies into the architectural education system of 

Ukraine: challenges and prospects.]. Ukrayinsʹka akademiya mystetstva [Ukrainian 

Academy of Arts], 37, 63–73. DOI https://doi.org/10.32782/2411-3034-2025-37-8 [in 

Ukrainian] 

28. Serʹohin, D. (2022) Pryntsypy obrobky ta tryvymirnoho modelyuvannya 

cherez lidarni dani dlya prykladnykh doslidzhenʹ misʹkoho seredovyshcha [Principles 

of processing and three-dimensional modeling using lidar data for applied research of 

the urban environment]. Visnyk Kharkivsʹkoho natsionalʹnoho universytetu imeni V. N. 

Karazina, seriya «Heolohiya. Heohrafiya. Ekolohiya» [Bulletin of the V. N. Karazin 

Kharkiv National University, series «Geology. Geography. Ecology»], 57, 218-233. 

https://doi.org/10.26565/2410-7360-2022-57-17 [in Ukrainian]. 

29. Smolyarchuk, M., Kovalyshyn, O. (2025) Rolʹ tsyfrovykh instrumentiv u 

pidvyshchenni efektyvnosti upravlinnya zemelʹnymy vidnosynamy u terytorialʹnykh 

hromadakh [The role of digital tools in increasing the efficiency of land relations 

management in territorial communities]. Visnyk Lʹvivsʹkoho natsionalʹnoho 

universytetu pryrodokorystuvannya. Seriya «Arkhitektura ta budivnytstvo» [Bulletin of 

the Lviv National University of Environmental Management. Series «Architecture and 

Construction»], 26, 91-96. https://doi.org/10.31734/architecture2025.26.091. [in 

Ukrainian] 

30. Hoy, V., Mamonov, K., Khariv, V. (2024) Vykorystannya tekhnolohiy 

blokcheynu dlya pokrashchennya autentyfikatsiyi ta zakhystu danykh u heodeziyi ta 

zemleustroyi [Using blockchain technologies to improve authentication and data 



protection in geodesy and land management]. Mistobuduvannya ta terytorialʹne 

planuvannya [Urban planning and territorial planning], 85, 67–81. 

https://doi.org/10.32347/2076-815x.2024.85.67-81[in Ukrainian] 

31. Nesterenko, S. H., Radzinsʹka, YU. B., Dobrokhodova, O. V. (2026) 

Heodezychne i kartohrafichne zabezpechennya tsyfrovykh dviynykiv terytoriy 

[Geodetic and cartographic support for digital twins of territories]. Komunalʹne 

hospodarstvo mist [Municipal economy of cities], 1(196), 232-241, DOI: 

10.33042/3083-6727-2026-1-196-232-241[in Ukrainian] 

32. Liu, Y., Timo de Vries, W., Zhang, G., Cui, X., (2024)From tradition to smart: 

A comprehensive review of the evolution and prospects of land use planning tools. 

Heliyon, 10.  https://doi.org/10.1016/j.heliyon.2024.e40857 [in English]. 

33. Zatserkovnyy, V., Vorokh, V., Hloba, O., Mironchuk, T., Plichko, L. (2025) 

Osoblyvosti zastosuvannya HIS, GPS, DZZ ta SHI v doslidzhenni gruntovykh 

kharakterystyk [Peculiarities of using GIS, GPS, remote sensing and AI in the study of 

soil characteristics]. Visnyk Kyyivsʹkoho natsionalʹnoho universytetu imeni Tarasa 

Shevchenka. Heolohiya [Bulletin of the Taras Shevchenko National University of 

Kyiv. Geology], 3 (110), 98-107. DOI: http://doi.org/10.17721/1728-2713.110.11[in 

English]. 

 

О.С. Малащук, Т.В. Мовчан, Л.Ф. Вікуліна 

 

ЦИФРОВІ ТЕХНОЛОГІЇ У ГЕОДЕЗІЇ ТА ЗЕМЛЕУСТРОЇ В 

КОНТЕКСТІ СУЧАСНОГО СТАНУ І ПЕРСПЕКТИВ РОЗВИТКУ 

 

Анотація. У статті досліджено сучасні цифрові технології та їхню роль і 

значення у галузі геодезії та землеустрою. Розглянуто впровадження цифрових 

трансформацій у виробничий процес прийняття управлінських рішень у сфері 

територіального розвитку, що зумовлено зростанням вимог до точності, 

оперативності та інтероперабельності просторових даних. Метою 

дослідження є аналіз ефективності впровадження цифрових технологій (GNSS-

технологій, БПЛА-фотограмметрії, ГІС, штучного інтелекту тощо) у 



виробничий цикл землеустрою та визначення їхніх перспектив розвитку у цій 

сфері. Представлено еволюційний розвиток технічного оснащення галузі. 

Відзначено суттєве підвищення інформативності просторових даних завдяки 

переходу від традиційних тахеометричних методів до цифрових технологій. 

Розроблено аналітичне обґрунтування ефективності використання цифрових 

інструментів у геодезії та землеустрої, яке базується на системі показників 

точності, продуктивності та економічної доцільності. Проведено апробацію 

виробничого циклу, яка підтвердила переваги використання БПЛА та GNSS-

приймачів за показниками трудомісткості, продуктивності та деталізації 

просторових даних під час проведення інвентаризації земельної ділянки (площею 

10,7154 га) Зорянської територіальної громади Рівненського району Рівненської 

області. Виокремлено перспективи розвитку галузі, які пов’язані з 

впровадженням штучного інтелекту для предиктивної аналітики земельних 

ресурсів, технологій «цифрових двійників» (Digital Twins) територій та 

блокчейн-рішень для гарантування безпеки даних у кадастрових реєстрах. 

Визначено майбутні вектори розвитку геодезії та землеустрою, які 

передбачають перехід від дискретних вимірювальних інструментів до 

автономних інтелектуальних екосистем, з потребою відповідної 

трансформації системи професійної підготовки кадрів та розширення навичок 

фахівців у сфері просторового моделювання та управління інтелектуальними 

даними. 

Ключові слова: геопросторові дані, геоінформаційні системи (ГІС), GNSS, 

безпілотні літальні апарати (БПЛА), фотограмметрія, дистанційне зондування 

Землі, штучний інтелект, цифрові двійники, блокчейн. 


