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SUMMARY 

 
 

The topological constraints of the geospatial database (GDB) are determined by the rules of 

topological consistency of the geometry of spatial properties of objects and the semantic 

correspondence of spatial relations between objects. They are essential for producing quality 

geospatial data and ensuring the integrity of the GDB. In the conceptual model of topological 

restrictions for the geospatial database of a topographic map on a scale of 1:10000 (GDB TM 10K), 

the following main classes are defined: restrictions on the accuracy of the topological coincidence of 

the elements of the geometry of objects in the context of the map scale, restrictions on the topological 

consistency of the geometry of objects according to the rules of planar topology graph, topological 

coincidence of elements with common geometry and rules of topology of polygonal covering. The 

package of spatial relations of objects of the conceptual constraint model defines the rules of non-

planar geometry for building a topological model of networks and the rules of semantic 

correspondence of spatial relations between objects of one and several types. The proposed 

conceptual model of topological constraints GDB TM 10K is based on relevant provisions of 

international standards in geographic information and takes into account modern requirements for the 

quality of topographic data as a basis for NSDI fundamental data sets and their usefulness for 

geoinformation modelling in applied GIS for various purposes. The generalization level of the 

essences of the conceptual model of topological constraints GDB TM 10K is focused on its use at 

various stages of the database life cycle, from the development of a specification for geospatial data 

sets, data collection and production to the creation of GDB and its use in applied GIS. 
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Introduction 

 

The creation of modern topographic databases (TDB) reflects the process of transferring topographic 

knowledge about the Earth, which was traditionally accumulated in paper and digital topographic 

maps of various scales, to formalized knowledge about real-world objects in geospatial databases. The 

content of topographic maps is transformed into geospatial data, which is structured by categories and 

types of topographic objects. Geospatial databases (GDB) provide seamless object-structured 

topographic data to be used in NSDI web services and applied GIS for spatial analysis and modelling 

(Kent and Hopfstock, 2018; Karpinskyi, Y. et al., 2021; Kljuchanin, S., 2020). 

 

The multi-purpose use of TDB puts forward new requirements for the modelling of topographic 

objects to increase the usefulness of topographic data for solving the most common applied problems, 

in particular the problems of network analysis in GIS for various purposes (Balley, S. et al., 2014; 

Jakobsson, 2016; García et al., 2013; Olszewski R. et al., 2013; Lazorenko-Hevel, N. et al., 2021). 

The use of geospatial data of topographic maps as the basis of NSDI fundamental data sets puts 

forward higher requirements for their quality. A necessary condition for achieving high-quality 

geospatial data is to ensure GDB integrity as a property of database systems to be free from logical 

contradictions in the data model. For this purpose, the data model should be supplemented with 

predefined rules and integrity constraints (IC), which should be stored in the database and provide 

mechanisms for maintaining the logical and semantic consistency of the data provided by the 

application schema of the data model (Mäs, S. and Reinhardt, W., 2009). 

 

Integrity constraints of conventional DBs refer to constraints on the domains of attribute values 

(domain constraints) and constraints on the use of foreign keys to model logical relationships between 

database objects (tables) (reference constraints). GDB integrity constraints complement the IC of 

traditional DBs with special topological constraints concerning the topological consistency of the 

geometry of the spatial properties of objects and the spatial relations between objects (Blana, N. and 

Tsoulos, L., 2022; Mäs, S. and Reinhardt, W., 2009; Servigne, S. et al., 2000).  

 

The use of general basic geometric primitives (point, line, polygon) for modelling geospatial objects 

in GIS allows you to define a certain basic set of topological constraints for GDB and to implement 

spatial predicates for the analysis of spatial relations between objects at the level of these primitives, 

for example, such as objects intersect, touch, overlap, are contained within, etc. (Servigne et al., 

2000). But each applied field has its specifics of using both basic geometric primitives for modeling 

geospatial objects and defining topological restrictions taking into account the semantics of spatial 

relationships between objects of a certain applied field. The topological limitations of GDB also 

depend on the accuracy of determining the location of objects (map scale), which is necessary and 

sufficient for geoinformation modelling in a particular application area. The purpose of this study is to 

develop a conceptual model of topological constraints for the GDB topographic map of the scale 

1:10,000 for the territory of Ukraine, in which the spatial properties of more than a hundred types of 

objects with various semantic relations between them are modelled. 

 

Method and Theory 

 

The methodological basis for the development of a conceptual model of topological restrictions for a 

geospatial database of a topographic map on a scale of 1:10,000 (GDB TM 10K) consists of: the theory of 

database systems with extended data types and functions for storing and analyzing geospatial data in the 

environment of modern object-relational DBMSs; international standards of the ISO 19100 series 

Geographic information/geomatics; Open Geospatial Consortium (OGC) standards and technical 

specifications; national regulatory documents in the field of topographic mapping and NSDI. 

 

In particular, to determine the requirements for the topological consistency of the geometry of 

topographic objects, unified classes of the geometry type are taken into account for modelling objects 

with point, linear and polygonal localization types with the corresponding basic spatial predicates, as 

defined in the OGC standards (OGC SFA, 2010; OGC SFS, 2010). Limits of logical consistency of 
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geospatial objects are defined according to ISO 19157 Geographic information — Data Quality. The 

requirements for describing the properties of geospatial objects and limitations in object catalogues 

applied conceptual schemes for the specification of geospatial data sets are harmonized with the 

requirements of ISO 19131 Geographic information – Data product specifications and DSTU 

8774:2018 Geographic information. Rules for modelling geospatial data. The list of topographical 

objects, restrictions on the accuracy of presentation of their location coordinates, criteria for selecting 

topographical objects and types of their model representation are determined by the Regulation on the 

compilation and updating of topographical maps. 

 

Results 

 

In the conceptual model of topological constraints GDB TM 10K (Figure 1), packages of entity 

classes are defined by constraint types, objects, and their scope. 

 

 
Figure 1 The main packages of classes of the conceptual model of topological  

constraints GDB TM 10K 

 

Map scale accuracy limits determine the tolerance of spatial coincidence of points and lines 

depending on the requirements for the accuracy of determining the location of topographic objects 

(TO) on a topographic map. For a map at a scale of 1:10,000, the tolerance is defined by a circle of 

radius 5 m for points and a buffer zone of the same radius around segments of a linear feature or 

contour line of a planar feature. Points and elements of linear segments that are located within the 

tolerance aperture are considered to be spatially coincident. Metric constraints for features define the 

type of geometric primitive that should be used to represent their spatial properties at map scale. For 

example, maintenance facilities with an area of more than 100 m2 on a 1:10,000 scale map are 

displayed as polygons, otherwise as points. 

 

The geometry topological consistency constraint package defines, first of all, geometry constraints 

following the specification of simple spatial objects (OGC SFA, 2010) - each instance of a linear object or 

the contour of a polygonal object must have a simple (unique) geometry without self-intersections, not 

contain elements of the "loop" type and self-imposition of segments. Constraints on the planarity of the 

geometry – intersections and/or touching of segments of all lines must correspond to the topology of the 

planar graph and have common nodal points at the points of intersection. Topological coincidence of 

geometry – for sections of all lines, in the case of their spatial coincidence, the rule of topological 

coincidence must be followed with precision to points and segments. This rule is also known as common 

geometry. Polygonal coverage refers to TO of one or more types, which by nature of their origin form 

mostly a continuous coverage of polygons without false bands (gaps) and overlapping, and for the contours 
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of adjacent polygons, they must topologically coincide with the accuracy of points and segments. TIN and 

GRID relief models are considered as a special type of coverage. 

 

The package of spatial relations between objects refers to topological relations, which, according to 

the international geospatial data quality standard ISO 19157, are related to the conceptual consistency 

of the data and their compliance with the constraints defined in the application schema of the data 

model. In the conceptual model of topological constraints of GDB TM 10K, non-planar topology of 

networks and semantic correspondence of spatial relations of objects of one type, two or more types 

are included in such constraints. 

 

For modelling networks, the spatial properties of topographic objects describing their physical 

boundaries and shape (Figure 2, b) are supplemented by objects of special types that reflect the 

geometry of the network topology in the form of central (axial) lines with nodal points of their 

intersection/with the union (Figure 2, b). The presence of such a geometric structure in the set of 

geospatial data ensures the automated creation in GIS of a topological model of the network in the 

form of a graph with nodal vertices and segments (arcs, edges) connecting them (Figure 2, c). 

 

а) b) c) 

Figure 2 The essence of the hydrographic network objects model 

 

For the modelling of road networks and networks of engineering communications, the limitations of 

the topology of a non-planar graph are considered, which takes into account the passage of sections of 

axial lines of sections of networks at different levels using a special attribute of the placement of 

objects relative to the surface of the earth. 

 

The restriction of the semantic correspondence of the spatial relations of objects refers to ensuring 

the mutual location of TOs that do not contradict the content and origin of the objects and their spatial 

relationships. The mutual location of topographical objects corresponds to the topological relations 

between two objects of the type: contained in the middle, overlapping (overlay) completely or 

partially, intersecting, touching, etc. Examples of semantic inconsistency of spatial relations: the 

railway line intersects with the surface of the reservoir landfill; the airfield is located in the reservoir 

landfill; the highway line crosses the building site; polygons of two buildings overlap, etc. 

 

Practically, the implementation of all classes of topological constraints of GDB TM 10K, defined in 

the developed conceptual model, is provided by predicates of topological relations for points, lines 

and polygons and relations based on the extended model of nine intersections Dimensionally 

Extended 9-Intersection Model (DE9IM), defined in the OGC standard (OGC SFS, 2010). 

 

Conclusions 

 

The developed conceptual model of topological constraints GDB TM 10K is harmonized with international 

standards of the ISO 19100 series Geographic information/geomatics and OGC Simple feature access 

standards and corresponds to national normative documents on topographic mapping and NSDI. 

 

The conceptual model of topological constraints GDB TM 10K takes into account the modern 

requirements for the quality of topographic data as a basis for NSDI fundamental data sets and their 

usefulness for geoinformation modelling in applied GIS for various purposes. 
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The generalization level of the essences of the conceptual model of topological constraints GDB TM 

10K is focused on its use at various stages of the database life cycle, from the development of a 

specification for geospatial data sets, data collection and production to the creation of GDB and its use 

in applied GIS. 

 

In the absence of tools for automation of full control of the semantics of geospatial data in 

instrumental GIS, there remains a need for careful control by map editors of the semantics of spatial 

relationships of topographic objects in the process of producing sets of geospatial data. 
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