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Motivation and objectives. Within a growing Europe, national boundaries are 

increasingly losing influence while national interests and challenges are extending to 

cross-border issues. Harmonised spatial base data are an essential precondition for 

different integrative cross-border activities, such as (spatial) planning, traffic, 

environmental protection, and the implementation of European directives (e.g. 

INSPIRE). The shared use of geodata between two countries necessitates identical or at 

least compatible formats, knowledge of the meanings of the nomenclature, similar 

geometries, etc. In most cases, these conditions are not met yet. 

 

This problem also emerges when dealing with transnational aspects between Germany, 

specifically the Free State of Saxony, and the Czech Republic. This awareness resulted 

in the elaboration of a project aiming at the interoperability of Saxon and Czech official 

spatial base data. The main objective of the project is to guarantee the facility of a 

shared use of the spatial base data in order to enable integrative interpretation, deduction 

of new information, and geometric queries and analyses for cross-border regions. 

 

The project is jointly realised by the Leibniz Institute of Ecological and Regional 

Development (IOER) in close cooperation with the surveying agencies of the Free State 

of Saxony (Staatsbetrieb Geobasisinformation und Vermessung Sachsen, GeoSN) and 

the Czech Republic (Land Survey Office/Zeměměřický úřad, ZÚ). It is co-financed by 

the European Union (Ziel 3/Cíl 3 programme to support the cross-border co-operation 

between the Free State of Saxony and the Czech Republic 2007-2013) and the Free 

State of Saxony. 

 

Data sets used for harmonisation. In this project, cross-border data interoperability is 

meant to be achieved exemplarily using vector data of the German ATKIS Basis DLM 

(Authoritative Topographic Cartographic Information System, Digital Basis Landscape 

Model) and the Czech ZABAGED data (Fundamental Base of Geographic 

Data/Základní báze geografických dat).  

 

Both serve as the official, most accurate and up-to date spatial base data on either side 

of the border. They already exhibit several similarities and analogies, making the 

prospect of data interoperability possible at all. However, these two data bases are 

different from each other in many ways: data management, concepts as well as 

linguistic or semantic and geometric aspects reveal a number of discrepancies. 

 

Analysing these heterogeneities, it becomes clear that data integration contains two 

main aspects: semantic integration (harmonisation of content, data models and 

language) and geometric integration (projections, object geometry). The latter approach 

is used when tackling data integration and will be explained in more detail in the 

following chapters. 



Approach for data harmonisation. Interoperability and data integration in particular, 

can be hard to achieve because of structural, semantic and geometric differences 

between the data sets (BISH, 1998). Structural interoperability can be achieved by using 

standardised data formats or format transformations. Due to the complexity of data 

modelling, the most difficult task is to achieve semantic interoperability. For cross-

border spatial analysis not only semantic interoperability but also geometric data 

integration is essential. 

 

Semantic harmonisation comprises all methods that provide the model interoperability. 

While data interoperability is given e.g. by OGC Web Services, which provide a jointly 

access to various data, model interoperability is currently not solved in an automated 

standardised way. A shared utilisation of different datasets requires that the meaning of 

the exchanged information is properly understood among the interoperating parties. 

Thus, conceptual model mapping is the precondition for semantic interoperability. 

 

The schema mapping consists of various steps. In the case of an integrated use of data 

provided by two countries in different languages, the first step is the translation of all 

object denotations and descriptions. Based on this, the semantic information is 

extracted, whereas the meanings of the utilised object and attribute denotations as well 

as the structure of the data model have to be known. Thus, as a first result we generate 

bilingual object catalogues of ATKIS and ZABAGED with semantically correct 

translations. 

 

In a next step, the data models have to be compared in order to identify similarities and 

heterogeneities between the used concepts. Conflicts have to be solved and mapping 

functions have to be defined. Due to the complexity of the data models, a mapping is in 

many cases only possible on an abstracted level. Within the comparison, KOKLA (2008) 

distinguishes four cases: 

 Equivalence – the concepts are identical in meaning; 

 Subsumption – one concept is broader in meaning; 

 Overlap – similar concepts, but identical in meaning; 

 Difference – concepts with different meaning. 

Mapping functions have to be defined in both directions and with a quality factor, 

according to the classes of KOKLA (2008). Examples of classification conflicts are 

shown in table 1. In addition, table 2 shows some examples of conflicts, which 

demonstrate that schema mapping is not only a question of language or correct 

translation but rather of precise meaning of the used terminology. 

 
Table 1: 1:1 and 1:n cardinalities of mapping functions - nomenclatures using German original and 

translated Czech terms. Source: Gedrange and Neubert (2008) 

Bereich/Kategorie 

(area/category) 
ATKIS ZABAGED 

Verkehr (traffic) Tunnel (tunnel) Tunnel (tunnel) 

 Brücke, Überführung, 

Unterführung 

(bridge, viaduct, underpass)  

Brücke (bridge) 

 Unterführung (underpass) 

 Durchlass (passage) 

 



Table 2: Schematic conflict: “Furt” is defined as a part of traffic way or specific part of a river; conflict of 

nomenclature: “Anlegestelle” and “Landungsplatz” are synonymous while “Durchlass” is used with 

different meanings in both datasets. The original German and translated Czech terms are used. Source: 

GEDRANGE and NEUBERT (2008) 

Bereich (area) ATKIS  Kategorie (category) ZABAGED 

Verkehr (traffic) Furt (ford) = Gewässer (water) Furt (ford) 

 Anlegestelle (mooring) =  Landungsplatz (berth) 

Gewässer 

(water) 
Durchlass (passage) ≠ Verkehr (traffic) Durchlass (passage) 

 

Geometric heterogeneity refers to different geometric representations of homologue 

objects within data of different sources. This heterogeneity can either arise from 

different reference systems and projections or from a divergent geometric modelling of 

the objects. To use multiple datasets for cross-border analyses and spatial queries the 

objects have to be connected along the common border geometry. 

 

The first step for the geometric homogenisation is to define a common reference system 

and projection and thus, the definition of the transformation parameters. In most cases, 

transformation parameters and rules exist and are implemented in current GIS-Software. 

Based on INSPIRE specifications, in this project the ETRS89 system with UTM-

coordinates serves as the common reference system. Geodata which refer to the same 

coordinate system can be used for a combined visualisation. Doing so, object geometry 

variations along the border still persist. Examples for heterogeneity of horizontal 

fragmented data are shown in figure 1. 

 

To use the data for spatial evaluations and analyses, the homologue objects of both 

datasets have to be geometrically connected along the borderline. Thus, the second step 

of geometric integration is the connection of the geometry of cross-border objects. 

There are various approaches for the conflation of datasets of the same spatial extent 

(vertical conflation), but only a few for horizontal conflation of two adjacent datasets. 

Conflation is generally described as an iterative process consisting of two parts: feature 

matching – the identification of homologue objects in both datasets; and feature 

alignment – the geometric adjustment (SAALFELD, 1987). 

 

The only common object is the borderline, which has differing representations in both 

datasets (figure 1a). Due to the fact that the state border is an exactly measured and 

verified object, one aim of the project is integrating this border geometry into both 

official datasets. With the implementation of the exact border geometry, all objects 

close to the border have to be adjusted to this new geometry to ensure the topologic and 

geometric conditions (figure 2a).  

 

 

Figure 1: Heterogeneity of horizontal fragmented data: (a) divergent representation of the common state 

border; (b) differences in line geometry; (c) differences in polygon geometry 



 

Figure 2: Geometric harmonisation: (a) adjustment of a line object (solid line) within the adjustment area 

by implementing the new border geometry (dashed line); (b) identification and geometrically connection 

of cross-border objects 

 

In a next step, all cross-border objects have to be identified and geometrically connected 

along the border geometry. For the identification semantic and geometric attributes of 

the objects are supposed to be used. The identified homologue objects are meant to be 

connected and geometrically adjusted within a defined adjustment area (figure 2b). To 

enhance the geometric accuracy for crucial cross-border objects such as main traffic 

routes, connection points along the border are to be defined by the surveying agencies. 

For all other cross-border objects, the connecting points and the shape of the objects 

within the adjustment area will be defined by the use of automated adjustment 

functions. The geometric harmonisation is planned to be realised in the form of an 

automated tool within the GIS-software environment (GEDRANGE and NEUBERT, 2008). 

 

 

Expected results and outlook. Results of the study are mapping functions for a shared 

use, visualisation and interpretation of the datasets in both data models. Furthermore the 

descriptions of the object types are to be published as bilingual catalogues of both 

datasets. The user tools will be published on the project website 

(www.ioer.de/geodatenhomogenisierung). 

 

In the official spatial base datasets of the Free State of Saxony and the Czech Republic 

the identical exactly measured border geometry is implemented and all cross-border 

objects are connected along this border. Altogether, the resulting datasets will provide 

the possibility for cross-border applications of spatial base data for both countries. 
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