
TECHNOLOGICAL GIS SUPPORT OF PROPERTY 
SETTLEMENT OF LARGE STRUCTURES 

Jiří Bureš, Dalibor Bartoněk, Otakar Švábenský 

Brno University of Technology, Faculty of Civil Engineering; Institute of Geodesy 
Associate Professor, Associate Professor, Professor 
Europe, Czech Republic, Brno 602 00, Veveri 331/95 
bures.j@fce.vutbr.cz, bartonek.d@fce.vutbr.cz, svabensky.o@fce.vutbr.cz  

Abstract 
The article deals with technological GIS support of property settlement of large structures. The builder is obliged to 
realize the construction on his land to which he has the ownership right or secured another legal relationship. The 
process of proprietary settlement begins in the process of planning permission and ends with the issuance of a building 
permit. Property settlement of a structure includes the identification of existing land parcels and its owners in the area 
of the boundaries of the future structure, ie. permanent and temporary occupation. The analysis is performed using 
digital cadastral data. The aim is to generate the necessary data on the participants in the construction proceedings 
and prepare the documents for writing purchase or lease contracts in favor of the builder, and analysis of price and tax 
information. for Underground technical infrastructure objects the preparation of documents for marking and recording 
easements is solved. The data of the occupation report process are part of the structure BIM. Due to the different 
quality of cadastral and other background data, and related legal links, their analysis is a complicated problem. 
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INTRODUCTION 

The preparation of constructions in the Czech Republic currently takes many years, and a large amount of documents is 
required. Long preparation hinders the development of construction and therefore the process of digitization of land and 
construction management is intensively addressed. The main goal is to speed up the whole process of building permits. 
The most time-consuming is to provide the necessary statements of the participants in official proceedings on the future 
construction, including the impact on the environment. Within the territorial management process, the preconditions for 
the sustainable development of the territory are ensured by a systematic and comprehensive solution of the efficient use 
and spatial arrangement of the territory with the aim of achieving a generally beneficial harmony of public and private 
interests in the development of the territory. To this end, it monitors the social and economic potential of development. 
The tool of spatial planning is statistically recorded data on the territory, the so-called territorial analytical documents, 
the use of which is enshrined in legislation in the Building Act No. 183/2006 Coll. with the aim of continuous 
monitoring of the state and development of the territory. Spatial analytical data are acquired by the relevant acquirer on 
the basis of surveys of the territory and on the basis of data on the territory, which are information or data on the state of 
the territory, rights, obligations and restrictions related to a certain part of the territory, such as area, land, natural 
formation or building. , and which arose or was found out mainly on the basis of legal regulations, as well as 
information or data on intentions to make a change in the territory. Territorial data also include information on their 
origin, acquisition, processing, possible approval or entry into force and effectiveness (hereinafter referred to as 
"territorial data"). The technical map can also be the basis for the acquisition of spatial analysis documents. 

The investor is obliged to carry out the construction on his land, to which he has the right of ownership or another legal 
relationship is ensured. In this sense, every major building cannot do without property preparation. The process of 
property preparation of buildings begins in the process of land management and ends with the issuance of a building 
permit. Obtaining a land decision and a building permit is often time consuming and takes several years. Negotiations 
take place with a large number of owners, technical infrastructure managers, relevant stakeholders and other entities. 
Digitization of property rights preparation brings the advantages of portability and unambiguity of information, 
productivity, data timeliness, archiving, etc. The necessary basis for property rights preparation is an occupation report, 
which determines the scope of property rights preparation of the construction. The aim of the occupation report is to 
speed up and manage the process of property settlement of the land affected by the construction. In connection with 
large constructions, especially line constructions, many affected plots enter into the process of property settlement and 
with it a large number of legal relations that need to be resolved. The state of the cadastral map also plays an important 
role in this process, especially its accuracy, which is different (decimeters to several meters) and is given by the quality 
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of source graphic data (directly measured digital geodata or digitized graphic data from historical analog cadastral 
maps). 

RELATED WORK 

The issue of using information systems in the construction process is a current topic. A comprehensive description of 
the construction process in the Czech Republic and its documentation is dealt with, for example, in articles [1], [2]. The 
dominant information system in the phase of construction preparation is the Real Estate Cadastre Information System, 
which integrates descriptive and graphic data on real estate and their legal relations. Large cities are building smaller 
information systems with the aim of their effective use for regional spatial planning and official building permits.  

Article [3] presents the use of GIS technology in urban planning and analyzes the factors that affect the orientation of 
cities. Key factors include the geographical location, natural resources, the international political situation of the city of 
Altay and at the same time identify the position of the city in the national strategic model. The analyzes of data by the 
GIS tool showed an upward trend in dynamic orientation. 

The issue of the environment and construction is also dealt with in the article [4]. Construction significantly affects our 
environment. The most effective way to protect the environment and prevent pollution is to use best management 
practices (BMP) on construction sites. In recent years, intelligent systems have been widely used in a variety of 
applications, including environmental studies. To reduce environmental pollution from construction activities, the 
CSBMP expert system software on the Microsoft Visual Basic platform was used, which displayed system 
recommendations in the form of reports provided and thus informed and supported environmental engineers and 
decision-makers during construction activities. 

At present, BIM modeling technology is intensively penetrating the construction industry [5]. The construction industry 
is increasingly adopting technologies and methodologies that support the development of buildings with low 
environmental, economic and social impacts. Current research focuses on the environmental and economic impacts of 
construction and integrates building information modeling (BIM) technology with life cycle assessment (LCA) and life 
cycle costing (LCC) methods for the environmental and economic assessment of buildings. Various software tools are 
used to support decision-making processes, e.g. to verify the feasibility of constructions. 

Partial specialized information systems are then used on large and complex constructions, especially in connection with 
their monitoring, e.g. in tunnel constructions [1]. These information systems integrate electronic implementation project 
documentation and partial important documents related to the construction. The information systems of buildings 
include image data (photographic monitoring, video monitoring) and data of geodetic and non-geodetic monitoring. The 
basic feature of the use of electronic information systems is selective accessibility to selected data and target groups of 
users with the possibility of online access via smartphones anytime and from anywhere. 

The article [6] addresses the issue of estimates of construction costs in connection with the solution of savings in a 
construction project. During the project life cycle, several estimates are made to allow the project to be decided with 
stakeholders. Historical data and experience are often used and applied appropriately to future construction activities. 
The method of building location cost optimization (LCAF) for selected sample sites in North America is described. 
Spatial interpolation and prediction methods were used. The WEKA and ArcGIS packages were used to develop and 
test the prediction models. It was found that the prediction models did not outperform the interpolation methods as 
expected. In addition, between the two prediction models, the GIS-based regression model (GISBR) slightly 
outperformed the WEKA-based regression model (WEKABR). 

In the Czech Republic, in connection with the digitization of the processes of preparation and permitting of 
constructions, the automation of property rights preparation of constructions is intensively addressed in connection with 
the information system of the Real Estate Cadastre. Article [7] presents specific applications of a software web solution 
for asset management and transaction prices. The subject is a comparison of the registered and actual state, the creation 
of user overviews and analyzes of ownership and context and the use of results in the design of buildings. It deals with 
the advantages of digitization of property rights preparation, portability and unambiguity of information, productivity, 
timeliness of data and their effective archiving [8]. In cooperation with the two largest investor state organizations, the 
Railway Administration and the Directorate of Roads and Motorways, a suitable digital exchange format for occupation 
reports has been defined [9]. 

PROPERTY PREPARATION OF CONSTRUCTIONS 

The property law preparation of the construction includes the identification of the existing lands and their owners in the 
area of the boundaries of the future construction, ie. permanent and temporary occupation. The analysis is performed on 
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digital cadastral data. The aim is to find out the necessary data about the participants in the construction procedure and 
to prepare documents for drafting purchase or lease agreements in favor of the builder, analysis of price and tax 
information, etc. In the case of underground technical infrastructure facilities, the preparation of documents for the 
marking and registration of easements is addressed. The data of the construction preparation process are then part of the 
construction BIM. 

In Fig. 1 are schematically shown on the timeline the phases of the life cycle of a building in connection with the 
process of property preparation of buildings. The focus of property preparation of buildings is in the phases of land and 
construction proceedings. 
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Figure 1. Scheme of partial phases of the construction life cycle on the timeline 

In Fig. 2 is an example of spatial analysis of land properties of a part of the territory over digital cadastral data realized 
in the SYMAP application [7]. Sub-plots are marked in color according to the specified property. From the point of 
view of construction preparation, important data are data on landowners, which lands are private, which are state, 
regional, municipal. 

owner unknown

execution / insolvency

more than 10 owners

state regional municipal

owner natural person

owner legal entity

 

Figure 2. Specification of land properties of the locality of interest from cadastral data 

In terms of ownership, it is necessary to distinguish between the ownership of a natural person and a legal person. 
Complications of property rights preparation are legal relations and encumbrance of land, for example by execution or 
insolvency. From the point of view of resolving legal relations, ownership by many shareholders is also problematic. 
Based on the analysis of land properties, it is possible to effectively plan the location of the building in the field. 

In Fig. 3 is an example of a spatial analysis of the state of property settlement of the affected lands during the course of 
line construction implemented in the SYMAP application [8]. The basis is digital cadastral data and the circuit of the 
projected permanent and temporary land acquisition. It compares the state registered in the real estate cadastre and the 
actual state. The result is a list of land that must be resolved in property, including the issue of utilities and easements. 
In conjunction with the Land Register (LPIS), it is also a tool for property settlement with agricultural cooperative 
administrators. For connoisseurs and appraisers, real estate agents can create output based on location and time 
variance. The output includes proceedings in the given cadastral area, acreage of the affected plots, acreage of 
individual types of land and recalculated transaction prices for 1 m2. 
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In order to automate the process, it is necessary to ensure unambiguous and error-free geodata, which has a fundamental 
influence on the quality of subsequent property rights activities. The quality of cadastral data is crucial. Due to the 
different quality of cadastral and other background data and related legal links, the analysis is a complicated problem. 
Any ambiguities and errors in the geodata are then transferred to the contractual documents and must be resolved 
individually with the landowners. The advantage of the automated solution is the resolution of all discrepancies before 
the start of construction, which allows you to significantly save time and money. 

The output is a color designation of the affected parts of the land and associated information on the status of the legal 
solution (not yet initiated or negotiated, or already closed legal proceedings, or blocking the land in the form of 
disagreement or other changes to the affected land).  

Not started

Legend:

Negotiated

Closed

Disapproval

Changes  

Figure 3. Identifikace stavu rozjednání právních vztahů dotčených pozemků liniové stavby 

Real estate cadastre data linked to user data subsequently facilitate land administration, tax returns, occupation 
purchases, and the conclusion of contracts with automated deposits in the real estate cadastre. Data is visualized in 
ArcGIS over maps, which helps better planning, decision-making, control and risk prevention. 

Cadastral data are an irreplaceable source of information for property preparation of buildings, land management, taxes, 
leases and others, and therefore it is important to work with them effectively in these areas. The aim is to use smart 
applications to make it easier for interested participants to work with real estate cadastre data, visualize their business or 
management over the map and reduce the traditional paper agenda. Property law applications combine information from 
the occupation report and the real estate cadastre, keep the data up-to-date, generate all the necessary documents, 
monitor deadlines and provide users with a uniform, clear guide throughout the process. 

OCCUPATIONAL ELABORATION 

The occupational elaboration is the basic comprehensive basis for property rights preparation of buildings and is created 
in the phase of zoning or construction proceedings. It integrates spatial geodata on the location of the building given by 
the project documentation in relation to the spatial geodata of the property boundaries of the lands registered in the real 
estate cadastre (KN). Thus are identified the plots affected by the construction of in question, for which it is evaluated 
whether they are subject to exclusion from the land of the agricultural land fund (ZPF) or from land intended for the 
performance of the forest function (PUPFL). Official land decisions and building permits are issued on the basis of the 
occupation report. 

The occupational elaboration indicates the ranges of permanent occupations, temporary occupations and easements. It 
consists of tabular and graphic parts.  

Permanent occupation means parts of land for which, as a result of their occupation by the construction of a building, 
a property settlement must take place through sale or purchase and, as a result, a change of owner or a change in the 
right of jurisdiction over state property management. 

Temporary occupation lasting more than one year means the contractual securing of parts of the land for a period 
longer than one year, without changing the ownership relations to the land. Temporary occupation, which can be limited 
in time to less than one year, means short-term occupation of parts of land for the needs of, for example, descent to land 
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or short-term manipulation of land for construction or access for cleaning ditches, handling space during construction of 
engineering relocations. 

Encumbrance means a right in rem to another's property restricting the owner of the land, which serves primarily to 
ensure the access of authorized entities, especially in connection with the construction and maintenance of utilities. 

The occupational elaboration serves as a basis for the preparation of the relevant geometric plans, usually in the 
construction proceedings phase, and is one of the essential components of project documentation. This corresponds to 
its technical form, factual accuracy and corresponding geometric accuracy. An example of the graphic part of the 
occupation elaboration is shown in Fig. 4. 
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Figure 4. Sample of the graphic part of the occupational elaboration [10] 

EXCHANGE FORMAT OF OCCUPATIONAL ELABORATION 

The interchangeable format of occupational elaborations was created for the sake of mutual portability and 
compatibility between different information systems. It is a format that is to unify and standardize the current digital 
data of occupation elaboration into one file so that it is machine readable. In addition to their usability in various 
information systems, it is also possible to use them in a BIM environment. The main goal of creating an interchangeable 
format was to ensure the automation of data transfer and updating in the process of property settlement. 

The interchangeable format of the occupational elaboration contains a graphic part, i.e. the geometry of the drawing of 
the areas of occupations, easements, buildings and plots and a descriptive part with information on acreage, types of 
occupations, acquirers and authorized entities. The exchange format also includes meta-information about the 
construction, the contractor and the export. The interchangeable format is supplemented by predefined code lists of 
occupation types and levels of documentation. The exchange format does not contain information on real estate cadastre 
data, but only parcel identifiers linked to the real estate cadastre information system, including the validity of the state 
of the cadastral data.. 
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The documentation describes the basic scheme and parameters of the format, and especially its mandatory and optional 
content. 

Basic parameters of the exchange format of the occupational elaboration: 

1. Custom data is stored in Extensible Markup Language format (XML). 

2. The geometries are stored in the formal Geography Markup Language (GML) according to the ISO 19136:2007 
standard.  

3. Character encoding is allowed only in UTF-8 standard. Elements with the data type string can contain text 
exclusively in the national language. 

4. The geometry can only be stored in the binding East North state coordinate system, which is registered in the GML 
with the EPSG:5514 code. Coordinates in GML are given to 2 decimal places. 

5. The file always contains complete status data. Transmission of difference data to status data is not permitted. It is 
always necessary to transmit complete data, i.e. to modify the original data according to new facts and submit it as a 
new unit. Difference data can only be obtained by application comparison of two versions of interchangeable format 
files. 

6. The content of the interchange format is divided into individual data blocks. Not all attributes in individual blocks are 
required. 

7. Export to the exchange format also stores descriptive information, i.e. version of the exchange format, version of the 
occupation report, validity of the state data of the Real Estate Cadastre, date of export, data on data authorization. 

8. Descriptive information about the investment project, including the location of the area and other information, i.e. 
name, investor, contract, level of documentation.  

9. Information on the division of the project into several sections or stages of construction in the event that the 
investment project is thus divided. Occupations, objects can be distinguished by assigning a number and the name of a 
section or stage. 

10. Information on occupations linked to the land and objects concerned, i.e. description of geometry, acreage, type of 
occupation, future acquirer. 

11. Information on buildings and operating files, i.e. description of geometry, designation, name, acquirer. 

12. Information on encumbrances on the affected land, i.e. description of geometry, length and area, connection to the 
object, connection to the geometric plan. 

13. Information on geometric plans, i.e. contractor, number, cadastral area, purpose, verifier and information on future 
plots from the geometric plan, ie description of geometry, new parcel numbers, acreage, type and method of use. 

14. Information on the comparison of the current and new state with the records of legal relations from the geometric 
plan. 

15. Control information on the plots concerned. 

16. Description of the geometry of lands managed only by analog. 

17. Code lists as fixed values of types of occupations, levels of documentation, types of protection and organizational 
units. 

Files in the XML structure can be easily validated using an XSD template, which verifies the correct structure and 
content of the file, filling with mandatory and optional data blocks and attributes. The second stage of control is a 
solution using software, where you can check the correctness of the format of geometry description, rounding, area of 
occupations and encumbrances, links to code lists, interconnection between data blocks and the valid state in the real 
estate cadastre information system. 

With the introduction of the interchangeable format of the occupation report, there was a clear definition and control of 
the transmitted digital geodata of the occupation reports with the property of connecting descriptive and graphical data. 
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Occupational elaboration can be transferred by export / import functions to other SW, which ensure other processes in 
construction preparation. 

CONCLUSION 

A suitable software solution allows you to automate, streamline and improve the quality of individual processes. No 
software application will replace direct dealing with owners. The newly defined interchangeable format of the 
occupation elaboration allows to significantly improve and speed up the process of preparation of constructions and by 
solving all problems even before the implementation of construction saves money and time that would have to be spent 
on unresolved property rights identified with delays. The new exchange format is therefore incorporated into the 
internal regulations [10], [11], which are subsequently part of the contractual conditions for the implementation of all 
constructions of the largest investor state organizations in the Czech Republic, namely the Railway Administration and 
the Roads and Motorways Directorate. In connection with the use of BIM technology for construction management, the 
process of property settlement is fully compatible and usable throughout the life cycle of the construction. 
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