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1 INTRODUCTION
Geographic information sources (geographic information, geographic information systems and geographic information services) along with rules of access, use, sharing and with co-ordination tools represent the basic elements of spatial information infrastructures. Their implementation represents a coordinated environment where information service (integration, publication, enquiry, access, visualization and processing of the integrated information) flows between providers of geo-spatial data and their users. The above mentioned information services generate specific tools implemented in the open environment of Internet. 

     Building of spatial information infrastructures is presently in the stage when geographic information sources are harmonized. It means harmonization of the present geographic information sources with standards in force and standards of geographic information and it includes fulfilment of the following particular tasks:

· harmonization of the geographic information (GI) description,
· harmonization of the GI content,
· harmonization of the GI quality,
· harmonization of data models,
· harmonization of tools applied to processing, distribution and integration of the GI.

The aim of this paper is to present the methodology involved in harmonization of geographic information sources developed and implemented at the national level in the Slovak Republic under the research project Tools of Integration and Distributed Use of Geospatial Information (Mičietová, E. et al., 2004, 2005, 2006).  The work presents the metainformation catalogue of the national spatial information infrastructure (NSII) and services involved with the search of GI, map servers, map service servers, distribution of GI services via Internet, and services associated with integration of the distributed GI in Slovak Republic (SR).

2 GI STANDARS – PLATFORM OF NSII SR HARMONIZATION
Harmonization of the GI sources in the NSII SR is based on the OpenGIS platform (Open Geodata Interoperability Specification), which defines elements (OpenGIS Abstract Specifications), tools and procedures of element implementation (OpenGIS Implementation Specifications) of open communication (http://www.opengeospatial.com). We respect the INSPIRE (Infrastructure for Spatial Information in Europe) (INSPIRE, 2005, 2006, http://www.ec-gis.org/inspire/) initiative and its methodological recommendations which specify the architecture standards, data and metadata, environmental user requests, and the legal and financial aspects of building the European infrastructure for environmental spatial information. 

	ISO 6709:1983   Standard representation of latitude, longude and     altitude for geographic point locations
	ISO 19116:2004 Geographic information -- Positioning services

	ISO 14825:2004 Intelligent transport systems -- Geographic Data Files (GDF) –  Overall data specification
	ISO 19117:2005 Geographic information -- Portrayal

	ISO 19101:2002 Geographic information -- Reference model
	ISO 19118:2005 Geographic information -- Encoding

	ISO/TS 19103:2005 Geographic information - Conceptual schema language
	ISO 19119:2005 Geographic information -- Services

	ISO 19105:2000 Geographic information -- Conformance and testing
	ISO/TR 19120:2001 Geographic information -- Functional standards

	ISO 19106:2004 Geographic information -- Profiles
	ISO/TR 19121:2000 Geographic information -- Imagery and gridded data

	ISO 19107:2003 Geographic information -- Spatial schema
	ISO/TR 19122:2004 Geographic information / Geomatics -- Qualification and certification of personnel

	ISO 19108:2002 Geographic information -- Temporal schema
	ISO 19123:2005 Geographic information -- Schema for coverage geometry and functions

	ISO 19109:2005 Geographic information -- Rules for application schema
	ISO 19125-1:2004 Geographic information -- Simple feature access -- Part 1: Common architecture

	ISO 19110:2005 Geographic information -- Methodology for feature cataloguing
	ISO 19125-2:2004 Geographic information -- Simple feature access -- Part 2: SQL option

	ISO 19111:2003 Geographic information -- Spatial referencing by coordinates
	ISO/TS 19127:2005 Geographic information -- Geodetic codes and parameters

	ISO 19112:2003 Geographic information -- Spatial referencing by geographic identifiers
	ISO 19128:2005 Geographic information -- Web map server interface

	ISO 19113:2002 Geographic information -- Quality principles
	ISO 19133:2005 Gegraphic information -- Location-based services -- Tracking and navigation

	ISO 19114:2003 Geographic information -- Quality evaluation procedures
	ISO 19135:2005 Geographic information -- Procedures for item registration

	ISO 19115:2003 Geographic information -- Metadata
	


Fig. 1 List of ISO standards – Geographic information. Specifications of ISO standards in bold represent the standards implemented in the Slovak republic.

Fig. 1 contains the list of implemented standards associated with the GI and information services at the national level (NSII SR) in the overall context of adopted ISO standards.

Geographic information services constitute an important element of GI sources in the NSII SR. The ISO 9119 standard (http:// http://www.iso.org) specifies their typology.  NSII SR implements applied services that operate on the server side. They are querying services, those visualizing maps, geoprocessing services for processing the images (added value), services for mobile location. Applied services represent the combination and chaining of data, map and visualization services. Distribution of the GI in infrastructure for spatial information is realized by:

· Catalogue services, which constitute the common mechanism for classification, registration, description, search and access to information from the sources that are accessible in the network. The sources are servers with addresses in the network or services. Types of catalogues are differentiated depending on their role (catalogues of data types, service types, etc.).

· Service for user application ensures the geoprocessing services. They can transform, combine or generate data. Processing services can be freely associated with other services such as data visualization. Geoprocessing services can be chained and can provide for specialized processing like decision-making tasks, generation of new information, etc. Examples of geoprocessing services include chaining, transformation of coordinates, geocoding, geographic dictionaries, network analyses. 

· Portrayal services ensure visualization of the GI. They are elements with options of several entries and production of processed, cartographically represented images, perspective representations of terrain, animation, simulations, and virtual reality. 
· Data services ensure the access to data sets that can be requested by thematic and spatial attributes. They include services to carry out database procedures, services that make accessible the geographic objects, raster layers, and the like.
The following information services exist in the framework of the technological architecture in the NSII SR in accordance with the 19119 ISO standard: 

· WCS (Web Coverage Service), that support the network exchange of GI in form of rasters and grids – layers that contain values of attributes. They provide static maps and ensure access to the raw GI, which allows their use in varied models or simple browsing.

· WMS (Web Map Service): it standardizes the path the client applies when requiring the map. The client requires a particular map in form of referred/named layers. WMS provide static maps, i.e. limited analytical possibilities of the map in raster form.

· WFS (Web Feature Service): service supporting geographical information exchange using geographic vector spatial structures. Unlike WMS, WFS offer results to client’s request using GML (Geography Markup Language) representation for geographic objects. Clients select geographic objects through WSF services, while they only formulate request of objects they need for application. This is the form in which WFS provide services for sophisticated analytical options to work with map, modeling of new spatial structures of geographic objects with complete GI and derivation of new information with added value.

· CPS (Coverage Portrayal Service): this service defines the standard interface for production of visual images from raster layers. It represents extended WMS service by the option to generate annotations to the maps by means of SLD (Styled Layer Descriptor).

Harmonization methodology applied in the NSII SR represents the set of methods and procedures utilized for harmonization of description, content, quality, data models and processing tools, distribution and integration of the GI meeting the standards in force. The implementation guidelines are in preliminary phase at national level. The subject is dealt with in the studies (Williamson, I. et al. 2003, Loeven, van B. 2006, Nebert, D. 2004, Schramm, M. et al. 2005).
3 NSII SR – DESCRIPTION OF GEOGRAPHIC INFORMATION
ISO 19115 Geographic information – metadata specifies the description of the GI. The National Metadata Profile (NMP) represents the implementation of the standard defining structure of metadata proceeding from the geographic information sources. NMP is the document which is currently developed in agreement with the requests of the NSII stakeholders (http://www.geonet.sk). NMP defines the metadata elements of the metainformation system NSII. Elements of navigation data are also defined in order to ensure the transparent manipulation and location of metadata. It means that the metainformation system NSII is conceived as the integrated system of metadata and navigation data which ensure functions of collection, integration, editing, requesting and distribution of metadata comprised in the geographic information sources in the NSII environment

Technological implementation of the NSII integrated metainformation system is represented by the tool – integrated metainformation catalogue (IMIC). It is the application that operates on the platform of server in the open environment of the Internet (URL(1)). Functionality of the IMIC includes: input of metadata online and from the dataset (XML template), editing of metadata records, querying by key words, comprehensive querying (partial and combined queries for thematic attributes of metacatalogue, selection of metadata according to spatial filters), saving of selected metadata, export of selected metadata to XML and RTF files, supervised access by means of user registration.
4 NSII SR – HARMONIZATION OF THE GI CONTENT, GI QUALITY AND DATA MODELS
Harmonization of the GI content means harmonization of methods how the geographic objects are defined – proposal and implementation of the methodology applied to production of catalogue in the framework of the NSII with the ISO19110 (Methodology for production of object catalogue) implemented in 2005, its implementation in the SR is under preparation.

The subject of harmonization of GI content in the NSII SR is the set of catalogues of individual sectors. At present the Primary Base for GIS (PBGIS) object catalogue is of key importance in building the NSII SR (http://www.geodesy.gov.sk). It represents the common topographic template of spatial objects in the SR. It uses the hierarchic definition of geographic objects while the principal hierarchic levels of definitions are category, subcategory, and class of objects, attribute and the value of attribute. Hierarchic levels of the object catalogue PBGIS are coded according to the DIGEST (Digital Geographic Information Exchange Standard) and it’s FACC (Feature Attribute Coding Catalogue).  
Harmonization of quality of the GI is interpreted as the process of implementing the quality elements and introduction of procedures concerning the assessment of the quality of GI as defined by ISO 19113 and ISO 19114 that related to data sets and series of data sets of GI. In relation to GI, quality elements of geographic information – precision, resolution, consistency and coherence are defined.

Assessment of the GI quality is carried out in two ways – as metadata in the data storage of the integrated metainformation catalogue or they are presented as attribute in the GI data set.
Harmonization of data models of the GI is interpreted as implementation of geographic object catalogues as elements of the geographic database, with assigned domains of thematic attribute values in order to be able to: 

· integrate data models of varied providers and varied themes of their geographic databases,

· model spatial relationships of geographic objects based on standardized spatial operators and 2D topology,

· arrive at linguistic and semantic interoperability of terminological dictionaries of geographic objects,

· reach interoperability of the GI determined by single topology of temporal specification of the GI and the like.

Requests of data model of the GI harmonization at the national, regional, and local levels have been formulated in order to develop the harmonization of the GI data models in the NSII SR environment. It is necessary to introduce single identifying systems that should form the system of primary keys in order to network geographic databases at the national, regional and local (self-administrative) levels and will be obligatorily implemented in the framework of the NSII. Unique identification of geographic objects and their types which represent the base of regional and other thematic spatial information will facilitate interoperability of distributed geographic databases in the NSII environment.  

Comprehensibility and consistency of geometry and topology of basic geographic objects linked with specific thematic spatial information generated by varied providers are closely related to harmonization of data models. Just like in case of the comprehensibility request and consistency of the coding systems of these elements, solution of accessibility of quality – in terms of position and topologically precise, complete, and consistent – spatial data of topographic landscape elements and units of property rights.
5 NSII SR  - HARMONIZATION OF GEOGRAPHIC INFORMATION SERVICES
Harmonization of geographic information services is the process of development and gradual implementation of tools – computer applications that ensure in accord with ISO 19119 varied forms of distribution and integration of the GI in the environment of the distributed platform HTTP (http://www.w3.org/Protocols/). The process takes place in an open environment of communication between the client and server. The server ensures occurrence (generation, provision) of service and client is responsible for the request – evoking of the service. The OpenGIS standards and ISO 19128 specify several types of servers - map servers, map service servers, data service servers, and several types of clients which realize the access to map servers, and map and data service servers. The advantage of the servers and clients of map services is that they facilitate access to several information sources at the same time. This is the reason why they are important in integration of geographic information sources in order to obtain the added value of the GI. 
Map servers facilitate the generation of dynamic web applications, which in real time make accessible geographic databases and specific analytical tools of the corresponding implementation of the GIS anytime and anywhere to a distant user. The benefits of GI distribution by map servers include the fact that the user himself can compile requests of data compositions and thus flexibly model comprehensive spatial structures. At present, all known technological platforms of the GIS have developed their own map servers (ESRI: ArcIMS, Intergraph: Geomedia WebMap,  Autodesk:  Map Guide,  Mapinfo: MapXtreme, Open source: UMN Mapserver, Chameleon map server, etc.). Clients of map servers are the standard internet browsers, which ensure access to web application of the map servers by means of the URL address of application.  
Map services servers generate URL addresses – WMS and WFS services. WMS services make accessible representations of the GI in several raster formats. WFS services represent the interface for manipulation with geographic objects in the form of vectorial database structures. WFS offer the possibility to generate or change the new spatial objects, to generate spatial structures based on spatial and non-spatial requests and filters. This property of WFS services also offers the possibility of extended spatial analysis, modeling and other operation of function and precise manipulation of spatial. The GML data server generates application which realizes coding in the form of XML standard (extensible markup language) for transfer and storage of the GI , while the geometry and thematic attributes of geographic classes of objects are maintained.
Distributed GI sources – outputs of the NSII SR project

Specified methodology of the GI source distribution was implemented. Both distribution methods were tested:

· Distribution, which thin client makes possible communication with one geographic project and distributor, standard querying of the geographic database (partial and combined queries) and modeling of spatial structure on the basis of 2D topology of geographic objects by means of spatial operators.

· Distribution by map service servers WMS, which makes possible integration of several geographic themes distributed by several providers, representation of the content of object thematic attributes of individual layers independently and visual interpretation of added value of the represented integrated geographic information.
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Fig. 2 Distribution of GI as a web application – URL(2).

Fig. 2 shows the example of the first method. The geographic database for Water Framework Directive with implemented hierarchic code system of hydrological objects is distributed as a web application – URL(2). It is example of GI data model harmonization (Mičietová, E., Boroš, R., 2004).  
Fig. 3 presents the second method where two distributed WMS map services are integrated in an example of client application – GAIA (http://www.thecarbonproject.com): 1) Digital orthophotomap of SR (Ortofotomap©Geodis Slovakia s.r.o.2002-2003, Aerial imaging and digital orthophotomap© Eurosense s.r.o 2002-2003) – URL(3), 2) Base Map of SR 1:10000 – URL(4).
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Fig. 3 Integration of distributed WMS – URL(3), URL(4).
6 CONCLUSION
The paper presents standards of the GI as the harmonization platform including the methodology of the GI sources harmonization, which contains harmonization of the GI description, harmonization of the GI content, harmonization of the GI quality, harmonization of data models, harmonization of tools for processing, distribution and integration of the GI. 

Implementation of the harmonization methodology in the NSII SR environment comprises: 

· Ongoing generation of metadata and their implementation in the IMIC NSII;

· Implementation of ISO 19110 in the SR followed by the development of definitions of all object catalogues in the NSII;

· Introduction of the GI quality assessment and recording of quality elements already in the process of GI generation by providers;

· Presentation of the GI quality in two forms: as metadata in the data storage of integrated metainformation catalogue or as the attribute in the GI data set;

· Ensuring of semantic interoperability of the GI in the NSII through a single system of unique identifiers of the  PBGIS topographic objects;

· Ensuring of comprehensibility and consistency of geometry and topology of basic geographic objects to which specific and thematic spatial information generated by different providers are linked,  

· Implementation of ISO 19119 in SR, support to extensive implementation of tools for distribution and integration of GI, and based on distributed data and developed tools generation of geographic information services in the NSII  in accord with ISO 19119. 

· Ongoing use of the distributed GI and generation of added value to the GI.
Implementation of the IMIC – URL(1), distribution of important basic GI – URL(3), URL(4) and establishment of the communication platform for the NSII stakeholders (www.geonet.sk) are the particular outputs of the presented methodology to be applied to harmonization of GI sources in the Slovak Republic.
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