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ABSTRACT 

Purpose: The study aimed to determine the possibilities of geoinformation technologies in 

automating the creation and updating of digital topographic maps.  

Design/Methodology/Approach: Induction and deduction were used to determine the structure of 

Geographic Information Systems (GIS). The deductive component begins with established theories 

and principles of digital cartography and automation. This comprises an analysis of existing 

cartographic principles and standards, a review of current automation technologies in GIS, and an 

examination of topographic map specifications and requirements. At the same time, the inductive 

component builds a new understanding of observed patterns and practical implementations. 

Research Limitation: The study's limitations relate to the restriction of access to national geoportals 

related to the state of war in the country. 

Findings: Based on the analysis of the structure of geoinformation systems, the possibilities of 

automated digitisation of topographic maps were identified, namely, obtaining a high-resolution 

image, creating a single digital cartographic database in which it is possible to quickly adjust objects 

and changes in the relief, ensuring high-quality, accurate planning on based on spatial analysis with 

error minimisation.  

Practical Implication: GIS capabilities allow for the rapid acquisition of high-quality data regarding 

surface objects. The proposed structure of geographic information systems can be practical as an 

action algorithm for cartographer specialists.  

Social Implication: It will improve the population's access to high-quality topographic and geodetic 

maps for planning, construction, and economic management.  

Originality/Value: The research has demonstrated the possibilities of automated creation and 

updating digital maps.  

 Keywords: Aerial photometry. cartography. digitisation. geodetic. topographic map  
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INTRODUCTION 

 

With the development of the digital era, modern cartography and topographic planning have taken on 

a new form, as the application of geoinformation technologies has significantly expanded their 

creation and functioning capabilities. Geographic Information Systems (GIS), as a computer tool for 

processing and presenting data linked to locations on the Earth's surface, have wholly replaced 

outdated manual map-making technologies (Wang & Yang, 2021; Otoo-Kwofie, 2015). The software 

can analyse, modify, and store large volumes of data in an automated mode with minimal risks of 

errors and inaccuracies in a short period. The advantages of GIS are apparent; therefore, geographic 

information systems have found widespread application in resource and municipal management, 

regional planning, military purposes, logistics, navigation, tourism, Earth surface-related sciences, 

and even in everyday personal life through identifying locations of various objects. This versatile and 

broad use of GIS has led to an increase in the number and differentiation of software, a variety of 

equipment, and data collection methodologies, posing a challenge in selecting the necessary 

technological tools, qualified personnel, and programmes for analysing, updating, and changing data 

(Ali, 2020).  

 

Over 70% of topographic maps in Ukraine have not been updated since their creation under Soviet 

Union principles. Of the updated data since 1991, less than 10% have been updated in the last five 

years, despite a legislative requirement to review cartographic materials every five years (Stadnikov 

et al., 2023; Lazorenko-Hevel et al., 2021). The demand for topographic planning is growing, but 

outdated maps do not meet market needs, and the updating and creation of new maps are sporadic 

and selective. Therefore, it is necessary to identify the reasons for the low level of map updates by 

international cartographic standards and propose ways to improve the rate of cartographic material 

updates. 

 

 

LITERATURE REVIEW 

 

Nowadays, imagining an industry that could function without the modern capabilities of topographic 

maps created using GIS is difficult. Bansal (2020) describes the importance of using GIS at the 

construction planning stage to predict construction suitability based on spatial and non-spatial 

analysis of location and modelling constraints. Hamza and Chmit (2022) demonstrate the importance 

of urban planning in ensuring the electrical grid's planning and maintenance. Tsilimantou et al. (2020) 

evaluate a multidisciplinary approach using GIS to determine the characteristics of historic buildings 

and consider restoration history when planning their renovation. Moisa et al. (2021) investigated the 

possibilities of GIS for analysing and predicting soil erosion from the perspective of pastureland use 

for agricultural purposes and forest clearing. Wang and Yang (2021) emphasise the significance of 

GIS for tourism, which contributes to improving service quality and rural landscape tourism 

management. 
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This varied use of geographic information systems indicates the topic's relevance and highlights the 

problems associated with the lack of a unified standard among users and qualified personnel. The 

literature contains studies addressing problems primarily related to the data collection methodology 

for creating or updating maps, as data collection through aerial photometry and orthophotometry is 

the most time-consuming and expensive process. 

 

For example, Cilek et al. (2020), in their search for alternatives to traditional topographic survey 

methods, such as satellite or piloted remote sensing, analyse the potential of using uncrewed aerial 

vehicles to obtain high-resolution 3D images of landscapes through photogrammetry as an alternative 

that can save time and costs. Lopes Bento et al. (2022) evaluated the reliability of surface geometry 

features obtained from UAVs compared to satellite imagery from the Global Navigation Satellite 

System – Real-Time Kinematic and found that applying a transverse overlap of 70% x 50% maintains 

accuracy with acceptable errors, which is comparable to results with higher overlaps of 90% x 90% 

and 80% x 80%, while allowing for faster image capture and data processing, thus reducing the cost 

of aerial photography. 

 

The quality of the obtained images is influenced by flight characteristics, such as height, trajectory, 

camera tilt angle, and forward and lateral overlap (Roth et al., 2018). Another problematic aspect is 

the possibility of aerial photography of complex surfaces, including sloped surfaces, which requires 

changing the shooting angle with a collection of oblique and vertical images and merging them 

(Cheng & Matsuoka, 2021). Therefore, Giordan et al. (2020) recommend detailed flight planning for 

photographing complex terrain. 

 

Orthophotometry is one of the methodological problems at the stage of creating and digitising 

topographic maps, which considers the relief of the area by determining and representing the 

concavity and convexity of the landscape. The traditional method of curvature loses accuracy when 

the scale changes and in quantitative curvature determination when creating a digital model. Instead, 

Hu et al. (2021) recommend applying the vector method by determining the angles between two 

aspect vectors to assess the magnitude of curve bending for a specific cell. Ruzickova et al. (2021) 

described such a problem as visibility assessment considering vegetation permeability. They argued 

that the proposed method of accounting for the partial permeability of trees and shrubs can 

significantly improve terrain analysis results and can be included in GIS software. 

 

In Ukraine, geoinformation resources are created by government agencies on a departmental basis 

without a single coordinated methodology, which leads to heterogeneity in the obtained data. Thus, 

different institutions use different programmes and classification systems, increasing the cost of 

collecting topographic-geodetic and cartographic data, which is often duplicated, thereby raising 

costs and reducing data quality (Karpinskyi & Lazorenko-Hevel, 2020). 

 

The study aimed to determine the possibilities of geoinformation technologies in automating the 

creation and updating of digital topographic maps based on the definition of the GIS structure and the 
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analysis of modern requirements for conducting cartographic activities using the example of 

Ukrainian cartography. 

. 

MATERIALS AND METHODS 

This methodology combines deductive and inductive approaches to comprehensively explore the 

potential of GeoInformation Technology in automating topographic map development and 

maintenance. The deductive component begins with established theories and principles of digital 

cartography and automation. This comprises an analysis of existing cartographic principles and 

standards, a review of current automation technologies in GIS, and an examination of topographic 

map specifications and requirements. At the same time, the inductive component builds a new 

understanding of observed patterns and practical implementations. 

 

 

RESULTS 

 

We analysed the GIS structure and main factors to raise awareness of GIS capabilities for automated 

creation and updating of topographic plans (Figure 1). 

 

 
Figure 1: Structure of Geographic Information Systems 

Source: compiled by the author based on Ali (2020) 

 

Thus, each structural factor corresponds to the quality of the obtained topographic plan. Equipment 
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a scanner to update existing maps, obtaining a digital raster image. The digitisation fee is necessary 

for the vectorisation of objects. The creation of maps is accompanied by the overlaying of aerial 

photography or aerospace imagery, comparing data obtained from fieldwork using a tachometer 

method. Modern equipment allows for high-resolution images to be obtained and enables quick 

corrections of objects and terrain changes. 

 

Software also plays an important role, as the programme choice must be determined by the 

functionality required. For example, Global Mapper and Mapinfo are suitable for simple tasks that 

are easy to use and support the main GIS functions. ArcGIS is used to perform more complex tasks 

involving modelling and report generation. Focusing on workers' qualifications is no less important, 

as knowledge of working with the software ensures the success of the results. However, low employee 

qualifications should not be a reason to use outdated, functionally limited software. Instead, it should 

be a stimulus for planning professional training on modern software, which, in the end, will reduce 

the time and costs for project implementation while improving the final result quality. 

 

Data and their collection methodology include both spatial and non-spatial forms. Spatial data 

includes the relationship of objects to a coordinate system in a two-dimensional or three-dimensional 

format, which can be presented in the form of diagrams, aerial photographs, satellite images, 

overview maps, and global positioning systems (GPS). Satellite images are mainly used for general 

outlines, while aerial photography is used to detail objects. Non-spatial data contains information 

about the attributive characteristics of objects and is presented in the form of symbols and numbers. 

Data is used as vectors or rasters, presented either by categories, providing information about the type 

of object, or by continuous maps, for example, a relief model where each cell corresponds to a height. 

 

Methods include GIS functionality parameters such as data collection, updating, modification, 

mathematical modelling, and statistical processing, depending on the requirements stated for the 

topographic plan. Applying different methods and programmes allows for a unified database for 

further processing, including the stated parameters. Thus, GIS enables the automated creation and 

updating of topographic maps and, with the qualified use of methods and software, allows for error 

minimisation and ensures high-quality planning based on spatial analysis. 

 

Ukraine's topographic-geodetic and cartographic activities inherited topographic maps created 

according to Soviet standards, which were primarily military-oriented but characterised by high 

coordinate accuracy. Ukraine has gradually transitioned to digital technology to create topographic 

plans by updating outdated maps. At the legislative level, the following steps have been implemented: 

in 1998, the Law of Ukraine "On Topographic-Geodetic and Cartographic Activities" was adopted; 

in 2020, the Law of Ukraine "On the National Geospatial Data Infrastructure"; and since 2007, 

mapping has been carried out in the UCS-2000 geodetic coordinate system (Sossa, 2021). Legislative 

documents strictly regulate cartographic activities, with the main requirements listed in Table 1. 
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Table 1: Basic Requirements for Conducting Topographic, Geodetic and Cartographic Activities 

Object of activity The territory of Ukraine with its existing facilities, 

including water, industrial, infrastructure 

State accounting of cartographic and 

topographic works 

Required for all types of work, except for work performed 

by the Ministry of Defence 

Requirements for specialists University degree in geodesy or land management 

State bodies regulating the activity State Geocadastre 

Tools and equipment Licensed software, computers, high-precision 

tacheometers, theodolites, levels, gravimeters, satellite 

receivers, aerial cameras, aerial cameras, high-resolution 

scanners 

Access to the State Cartographic and 

Geodetic Fund 

Owned by individuals and legal entities 

Source: created by the author based on regulatory documents related to topographic-geodetic and 

cartographic activities 

 

As seen from the table, topographic and cartographic activities are strictly regulated. Before and after 

the completion of topographic-geodetic and cartographic work, it is necessary to notify the 

StateGeoCadastre for mandatory registration of planned and completed work. Due to the imposition 

of martial law, before carrying out geodetic work and using geodetic equipment, including aerial 

surveys, it is necessary to obtain permission from the Security Service of Ukraine, which is regulated 

by the Law of Ukraine "On Amendments to Certain Legislative Acts of Ukraine Regarding the 

Peculiarities of Land Relations Regulation under Martial Law" from 12.05.2022. Access to the 

geoportals of the National Geospatial Data Infrastructure is also restricted for users, who must 

complete registration and verification through the Diia application. 

 

In Ukraine, there is a problem with the number of updated topographic maps; however, during the 

period 2018-2021, a project was implemented in cooperation with the Norwegian Cartographic 

Service to update the main topographic map of Ukraine at a scale of 1:50000. The difference between 

Soviet-era topographic maps and modern ones is significant. Figure 2 compares topographic maps of 

the Kyiv region at a scale of 1:10000, which differ in quality and purpose. While the outdated map 

(a) is aimed at military object descriptions, the modern map (b) is intended to evaluate construction 

planning and land resource use, considering terrain features. Another advantage of modern maps is 

their interactivity, which allows for zooming in on images, identifying neighbouring objects, making 

changes, and conducting almost real-time analysis. 
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Figure 2: Comparing Modern Topographic Maps with Soviet-era Maps 

Source: Topographic map of Petropavlivska Borshchahivka; Sofiyivska Borshchahivka 

 

State funding is provided for updating topographic maps ranging from 1:10000 to 1:1000000. This 

funding includes aerial photography and the compilation of maps using larger-scale maps, which is 

significant nationwide. Updates of maps with scales from 1:500 to 1:5000 are funded by local budgets 

and are intended explicitly for territorial planning. Topographic surveys are used and compiled with 

original larger-scale maps to update this map type. 

 

Among the problems identified from the analysis of the GIS structure and cartographic activities in 

Ukraine, the lack of funding was noted, as funds have been reallocated for the needs of the army and 

social aid due to the war. There is also a low level of employee qualification in data collection and 

working with software, restrictions on access to geoportals, and requirements for carrying out 

cartographic activities, including aerial photometry, under permission from the Security Service of 

Ukraine. Based on the literature analysis, the problem of the lack of a unified system for collecting 

cartographic data was identified, which leads to repeated data collection by different departmental 

structures, the use of various classifications, and a decrease in the quality of the obtained materials. 

 

The solutions to the problems of optimising the updating of topographic plans are seen in the creation 

of a unified data collection system and an algorithm for implementing existing data according to 

accepted unified standards, as well as ensuring the improvement of employee qualifications, 

especially those directly involved in making changes, integrating, analysing data, and maintaining 

equipment and software. Since training specialists in the basics of working with software will increase 

automation in working with data, it will also promote the speed and efficiency of topographic 

planning. Unfortunately, security measures that restrict access to geoportals and the execution of 

а) Soviet-style topographical 
map

b) Modern topographic map, 
elevation, relief
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geodetic-topographic and cartographic work after obtaining permission from the Security Service of 

Ukraine cannot be cancelled due to the complex security situation. However, in our opinion, even 

solving the problems of personnel training and developing unified standards for creating topographic 

maps can significantly impact the number and quality of their updates. 

 

 

DISCUSSION 

 

GIS technologies are widely used for the automated updating of topographic data, as the use of 

updated maps allows for optimising the process of construction planning or land resource 

management, as well as preventing landslides, earthquakes, and other natural disasters (Assefa, 2024; 

Tomaszewski, 2020). GIS technologies play an essential role in construction and urban infrastructure 

planning and can potentially create the smart cities of the future (Xia et al., 2022). For GIS to function 

effectively, qualified personnel, equipment, and software development are essential (Sossa, 2021). 

 

The identified problems in domestic topographic-geodetic activities are related to the lack of a unified 

data collection system, as data collection is a labour-intensive and costly process for updating 

topographic maps, which requires high accuracy. Modern researchers pay great attention to aerial 

photometry using uncrewed aerial vehicles, as this method is accurate, fast, and financially accessible 

(Quamar et al., 2023; Qubaa et al., 2021). The advantages of using drones are that they allow for real-

time data updates and increase the efficiency of topographic plans. However, using uncrewed aerial 

vehicles requires strict control to avoid errors. Syetiawan et al. (2020) recommend linking images 

from uncrewed aerial objects to ground GPS points, improving and aligning aerial photography 

results. 

 

Meanwhile, Stott et al. (2020) argue that the linkage to ground GPS points can partially be replaced 

by a Real-Time Kinematic Global Navigation Satellite System (RTK-GNSS), as deploying ground 

GPS points is a time-consuming process. However, they do not recommend thoroughly abandoning 

ground control points due to the risk of vertical systematic errors. Despite the restrictions on using 

drones for civilian purposes during the war, it is essential to study the experience of international 

partners in aerial photography achievements for their implementation in domestic cartographic 

activities. 

 

Our research identified several problems in updating and creating topographic plans in Ukraine. A 

similar situation was observed with cartography in Uzbekistan, where outdated Soviet-style maps did 

not meet the state's needs. As a result, the country updated its maps using GIS, considering terrain 

features and their impact on soil degradation for planning agricultural activities and for the optimal 

use of forest, water, and agricultural resources (Kadirova et al., 2021). The proposed solutions for 

updating cartographic materials align with foreign experience in the unification of symbols and 

classifications, as well as in improving the level of process automation for creating and updating 

topographic data through training specialists to work with modern GIS software (Bartonek & Andova, 

2022; Li et al., 2020). 
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CONCLUSION 

 

Based on the analysis of the structure of geoinformation systems, the possibilities of automated 

digitisation of topographic maps were identified, namely, obtaining a high-resolution image, creating 

a single digital cartographic database in which it is possible to quickly adjust objects and changes in 

the relief, ensuring high-quality, accurate planning on based on spatial analysis with error 

minimisation, provided qualified data collection, use of quality equipment, software and application 

of effective methodology for working with geoinformation systems.  

 

The study of the requirements for conducting topographical, geodetic and cartographic activities in 

Ukraine demonstrated strict regulation of cartographic activities and restrictions related to the 

introduction of martial law. Ukraine's topographical, geodetic, and cartographic weaknesses were 

identified as insufficient industry financing and low qualification of software and data collection 

specialists.  

 

It is advisable to create a unified data collection and analysis system and an algorithm for 

implementing existing data to a unified standard. Personnel should be trained in working with modern 

software to increase the volume of automated processes using geoinformation technologies for 

updating and creating topographic maps. The proposed structure of geographic information systems 

can be practical as an action algorithm for cartographer specialists. It will improve the population's 

access to high-quality topographic and geodetic maps for planning, construction, and economic 

management.  
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