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SUMMARY 

 
 

The process of digitalization of the state, including the development of the national spatial data 

infrastructure, promotes new requirements for the creation of intelligent core reference data based on 

international and harmonized national standards and specifications. The main result is digital 

topographic maps in topographic-geodetic and cartographic production in the cartographic paradigm, 

that do not take into account the use of new associated features, the rules of the digital description of 

topographic features, and the rules of topological relationships between map features. Digital 

topographic maps have a unified content following the Classifier of the information displayed on 

topographic maps of scales 1:10 000 – 1:1 000 000. This Classifier was developed according to the rule: 

a feature has its own symbol and topographic code. Geoinformation technologies allow creating of 

complex features. Therefore, the goal of the research is to formulate the rules for creating complex 

(associated) geospatial features to ensure the intellectual level of topographic databases, which are the 

main product of the geoinformation paradigm. The article presents the concept of a complex 

(associated) feature based on the national standard DSTU ISO 19107:2017 Geographic information. 

Spatial schema (ISO 19107:2003, IDT). There are four types of collections of terrain objects that are 

considered in detail: geometric aggregates, geometric complexes, geometric composites, and global 

geometric complexes. Examples of features displayed on digital topographic maps were given for these 

types. The established rules for creating associated geospatial features must be taken into account during 

the development of the specifications of geoinformation products to ensure further compatibility and 

integration of core reference and thematic geospatial data in the NSDI. 
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Introduction 

 

The current state of making management decisions on the development of territories and spatial 

planning is characterized by the wide use of geoinformation systems and technologies based on the 

inter-branch integration of geospatial data, which determines the development of the national spatial 

data infrastructure (hereinafter – NSDI) in Ukraine. There is the fact that the cost of management 

decisions on territory management is increasing. So, the requirements for geospatial data especially for 

Core Reference Data, which are the only topographic basis for the integration of all sets of thematic 

data, are growing significantly in these conditions (Lazorenko-Hevel et. al., 2021). Such integration is 

possible only if all producers and data holders follow uniform requirements for the creation of this data. 

The Decree of the Cabinet of Ministers of Ukraine “On Approving the Procedure for the Functioning 

of the National Spatial Data Infrastructure” No. 532 and technical requirements for the creation of 

specifications, geospatial data, metadata and geoservices that correspond to the current level of 

development of geoinformation and topographic-geodetic technologies have been adopted in Ukraine. 

However, there is no mechanism for implementing the mentioned requirements in the production of 

geoinformation products. Topographic maps in Ukraine are created using discrete models of geospatial 

data in the form of primitives (for example, points, lines, polygons) for modelling features of the 

environment. However, features create a geometric root in the real world, which is connected by certain 

spatial and semantic relationships. The goal of this research is to formulate the rules for creating 

complex (associated) geospatial features to ensure the intellectual level of topographic databases. 

 

Method and Theory 

 

A geometric complex is the set of disjoint geometric primitives where the boundary of each geometric 

primitive can be represented as the union of other geometric primitives of smaller dimensions within 

the same set according to DSTU ISO 19107:2017 Geographic information. Spatial schema (ISO 

19107:2003, IDT). The geometric primitives in the set are disjoint in the sense that no direct position is 

interior to more than one geometric primitive. The set is closed under boundary operations, meaning 

that for each element in the geometric complex, there is a collection (also a geometric complex) of 

geometric primitives that represents the boundary of that element. The latest research on the concept of 

complex features and their practical use was carried out during the creation of topographic databases 

(Karpinskyi and Drozdivskyi, 2005; Lyashchenko and Runec, 2008; Karpinskyi et. al., 2010a; 

Karpinskyi et. al., 2010b; Lazorenko-Hevel et. al., 2020), the automation of cartographic generalization 

processes of features (Weibel and Dutton, 1999, Stefanakis, 2003; Steiniger and Weibel, 2007), the 

classification of satellites for creating/updating topographic maps (Clementini & Ippoliti, 2013), the 

creation of geographic ontological models (Pantazis et. al., 2011; Varanka, 2011; Cao et. al., 2018) etc.  

 

Results 

 

The description of these relationships is not taken into account in the current Basic guidelines for 

creating and updating topographic maps of scales 1:10 000 – 1: 1 000 000 and the Classifier of the 

information displayed on topographic scale maps 1:10 000 – 1: 1 000 000, but there is a unified content 

of topographic data according to the rule: the real-world feature has its own symbols and topographical 

code. Geoinformation technologies allow creating of complex features. A complex feature is a system 

of interconnected standardized unified simple features or can be created by the user depending on the 

goal or task. It follows that complex features are divided into unified and user-defined. Geometric roots 

are divided into geometric aggregates, geometric complexes and geometric primitives (Fig. 1) (DSTU 

ISO 19107:2017, 2017). The peculiarity of the geometric aggregates GM_Aggregate consists in the 

random construction of the associated feature regardless of the types of spatial localization and 

limitations to their structure. A specific composition or constraint on the definition of a spatial attribute 

must be implemented in the application schema by creating a new class that contains a specific user-

defined spatial configuration with all constraints as a subtype of GM_MultiPrimitive (DSTU ISO 

19107:2017, 2017). For example, power line features can be viewed as an aggregate of two types of 

geometric features: separately the power towers that support the wires and the power line itself, so 

GM_Aggregate can be used in this case. 
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Figure 1 UML package dependencies of geometry according to DSTU ISO 19107:2017 Geographic 

information. Spatial schema (ISO 19107:2003, IDT) 

 

Geometric complexes GM_Complex are used to represent the spatial characteristics of features as a set 

of related geometric primitives GM_Primitive. Subclasses of the GM_Complex are defined to constrain 

the GM_Complex structure that use to represent a particular spatial configuration  

(DSTU ISO 19107:2017, 2017). Features that share elements of their geometry must be represented as 

spatial objects of the GM_Complex type, which are subcomplexes within a larger GM_Complex.  

If the scale of the topographic map is smaller, then there are more associated objects. In topographic 

databases, feature classes that form complex hierarchical structures must be provided in the form of 

GM_Complex. A pipeline network can be represented as a GM_Complex consisting of curves of the 

GM_Curve type, constrained that the set of GM_Curve instances creates a connected graph. 

 

A geometric composite GM_Composite is a geometric complex that has all the properties of a geometric 

primitive. Geometric composites are used to represent complex features consisting of smaller geometric 

features that have the same type of geometry. GM_Composite is used to represent complex features that 

have the geometric properties of a set of homogeneous geometric primitives (DSTU ISO 19107:2017, 

2017). The hydrographic network consists of linear hydrographic features (for example, rivers), each 

of which consists of simple features: “Rivers” (topographic code – 31410000), “Streams” (topographic 

code – 31420000), “Watercourse” (topographic code – 33001000). Spatial attributes of river elements 

are presented as curves of type GM_Curve. Each river is represented as a GM_CompositeCurve 

containing the GM_Curve instances that are elements of that river. A hydrographic network can be 

represented as a GM_Complex containing a set of type GM_CompositeCurve that represents the rivers. 

Table 1 provides examples of the types of terrain feature collections that can be contained in topographic 

databases.  

 

The following rules are defined for creating complex (associated) features: 

1. to determine which type of geometric collection to choose, it is necessary to determine the goal 
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or tasks for which the associated feature is created. 

2. to determine the composition of a complex feature, it is necessary to find out whether its structure 

is established in regulatory and legal documents. If not, then the composition is set by the user 

depending on the level of detail of the associated feature. 

3. for the associated features to be continuous integrated geospatial features, it is necessary to take 

into account the topological relations between them and between their primitives. 

4. a necessary condition for creating a complex feature is the use of geometric primitives that are 

unified and have topological and semantic relations between them. 

 

Figure 2 shows examples of feature collection types on digital topographic maps at a scale of  

1:50 000 in ArcGIS for Desktop 10.6. 

 

 
Figure 2. Examples of types of features collections displayed on a digital topographic map of a scale 

of 1:50 000 (1 – geometric complex Railway network, 2 – geometric complex Hydrographic network, 

3 – geometric composite Road, 4 – geometric composite Block) 

 

Conclusions 

 

The modern level of creating geospatial data is characterized by increasing their intelligence based on 

the creation of complex features. The proposed rules for creating associated geospatial features must be 

taken into account during the development of the specifications of geoinformation products to ensure 

further compatibility and integration of core reference and thematic geospatial data in the NSDI. 

Conceptual models of associated features will be created in the Sparx Systems Enterprise Architect 

Version 15.0 software environment. The construction of models of associated features and the 

description of their relations will be performed in Geography Markup Language (GML) notations with 

their further transformation into the DBMS PostgreSQL with the PostGIS extension as part of the next 

study. It should be noted that to create associated features in topographic databases, it is necessary to 

research in detail the scope and use cases where they will be used. This will affect their collection type, 

their structure and composition of primitives, and the relationship between them. 
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