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Introduction
The Dutch Topografische Dienst Kadaster has worked several years on the development of an object-oriented topographical database at the scale 1:10,000, called TOP10NL. In the public administration area in the Netherlands, the idea has been developed to create Basic Registers. Basic registers or Authentic Registrations are those administrations, which are essential for the public sector. After several years of preparation, the Dutch government has defined six basic registers, which will be established in the next few years. The registers contain data from both the geo-information field as the non- geo-information field.  The first six registers are Population Register, Cadastral Parcels, Commercial Register, Register of Addresses, Register of Buildings and Basic Register Topography. In the future, other registers will follow. The most appropriate public agency for the type of data in question will be responsible for the administration of it. The Dutch Cadastre is responsible for the registers cadastral parcels and topography, local municipalities will be responsible for the population registers, addresses and buildings and the Chambers of Commerce are responsible for the commercial register.

TOP10NL has been chosen to be the Basic Register Topography and acts as a base for the National Spatial Data Infrastructure. With the introduction of TOP10NL, a large number of technical and substantive renewals are realised in the field of topographical data. It is one of the first object-oriented topographical databases in Europe.
The new status of TOP10NL as basic register charges this with special requirements. The use of the data will be mandatory throughout the entire public sector, as there are several ministries, provinces, municipalities and water boards. The users also have obligations. They have to report to the Cadastre in case they find errors in the dataset. 

This paper reports about the realisation of the TOP10NL database, the principles of the basic register, and the consequences of being a basic register for organizing updates and data-delivery to the users.
Basic Registers in the Netherlands
In the 1990’s in the Netherlands, initiatives were started to realise basic registers of the essential administrations of the Netherlands. Both geographical and non-geographical (administrative) data were described. Information exchange is very important in the direct contact between the government and citizens and businesses. Reliable and accurate data are necessary for reacting to questions of citizens and companies, for adequate policy development and for maintaining security. One goal is that citizens and businesses have to provide data to the government only one time. The national and local authorities then have the obligation to exchange the data within there administrations.  Another reason for establishing basic registers is the fact that there are innumerable governmental databases, all being controlled by their own authority, without possibilities to exchange data between these authorities.
Now different public organisations are working hard to set up the basic registers. There are different requirements with respect to producing and using the data by the government:

· Capture data once, use many times

· Obligatorily use of the data from the basic registers in the public sector

· The user can rely on correctness of the data

· The quality of the data has been clearly described

· The user has to give feedback in case the data contains errors

At first, six basic registers need to be developed and appointed to a legal status between approximately 2007 and 2010. It concerns the following registers: 
Population Register, the new Commercial Register, Cadastral Register, Basic Register Topography, Basic Register Addresses and Basic Register Buildings.
The basic registers have been brought together into a coherent system. 

(See figure 1)
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Figure 1  Systems of basic registers 
Development of TOP10NL
Apart from the above initiative to develop a system of basic registers, the geo-information society already had the need for a geographical core dataset in the early 1990’s.

In 1992, the Counsel for Geo-Information (RAVI) formulated the first outlines for a geographical core dataset. In the Netherlands, there was a clear fragmentation of data capture and the use of geographical data. The Topografische Dienst (the National Mapping Agency) indeed produced a consistent topographical dataset at the scale 1:10.000 (and smaller scales) of the whole country, but other authorities were enabled to produce their own datasets. Also the specifications of the different datasets diverged strongly, which impeded the common use and the exchange of data.
In the mid-nineties applications in geographical information systems became more and more common practice. This also made demands to the geographical basic data. The GIS software was developed further and the users required better quality and actuality of the data. More and more the demand for an uniform and consistent geographical core dataset, that could serve as a basic for the many thematic applications in the public sector, started to grow. To get a better understanding of customer needs, we started with an overall market research. This was done by the, to the University of Wageningen associated, institute Alterra. This organisation was an intensive user of the vector file TOP10vector. Based on the first inventory of the needs in association with the university of Enschede (ITC), the Technical University of Delft and with collaboration of AVV/RWS a new data model has been developed and prototypes have been produced and presented to the users. For the development of the data model ISO and OGC, standards were used as much as possible. 

The Data model TOP10NL
The data model TOP10NL is an extension of the underlying national Basic Model for Geo-Information NEN 3610 (2005). The specifications of the already existing TOP10vector have been restructured to the structure of  the basic model geoinformation. The data model is described in UML (see figure 2). 
The date exchange is based on the OGC (Open Geospatial Consortium) standards, concretised in GML 3.1. (Geography Mark-up Language), the geographical alternative of XML (= eXtensible Mark-up Language: a simple and flexible language to find information on the web). Beside broader applications in the Internet area, the open standard also
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Figure 2  TOP10NL objects are extensions of the NEN 3610-2005 (fragment of the UML model)
contributes to the better and more complete exchange of geographical data, without being limited by software dependent exchange formats. Using the national standard NEN 3610-2005 the exchange with other geographical datasets of other sectors like water, planning, etc., is much easier (see figure 3).
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Figure 3 International, national standards and sectoral extensions of the Base Model for Geoinformation
In the data model TOP10NL, also temporal aspects have been set out. This means that the changes in the objects, with regard to geometry and attributes, are fixed with a mutation date. Disappeared objects remain in the database as history. 
Meta-information is based on the Dutch standard for Geography, which is an application of the international standard ISO 19115.

As of 2008, the Basic Register Topography will have a legal basis, so that within the public sector the application of TOP10NL might develop further into a good basis of the NSDI. 
Characteristics of TOP10NL
Several modifications and improvements compared with the old 1:10.000 topographic database (TOP10vector) have been introduced concerning the structure and the contents. It concerns mainly the following aspects (see figure 4):
TOP10NL has an object-oriented structure 
All topographical objects get their own unique number. This number can be used to link it with thematic and administrative data of the same object of third parties.

More attributes are possible
In TOP10NL, the contents of TOP10vector have been used, however differently structured. In this object structure with object classes, attributes and attribute values there is place for supplements on both attribute and attribute value level. 

Integration TOP10vector and TOP10roads

Up to now, the road information is stored in two different files. TOP10vector is polygon-oriented and the roads are stored as polygons. In TOP10roads, the roads are stored as centre-lines. In TOP10NL, both are combined. The object ‘’wegdeel’’ (road-part) has two representations, both an area geometry and line geometry.

Supply of change-only versus new datasets 
Providing updates (change-only files) is almost unfeasible in the TOP10vector file structure. In TOP10NL it is directly recognizable if an object was modified and which type update has occurred (for example geometry or an attribute).
Temporal aspects
The history of the objects is stored. When the geometry is, or the attributes of the object are modified, the object will obtain a new identification number or a new version date. For each moment in the history, as from the first capture of an object, the situation can be reconstructed.
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Figure 4  TOP10NL object with attributes

3D information
In the new structure, there is room for the third dimension of the data.
Meta information on object level
Metadata are very important for use and the exchange of the data. Meta-information includes - among others - the description of the classification structure of the objects, the manner and the time of data-capture and the quality of the separate object data.  

Separation digital landscape model and digital cartographic model
In object description, the presentation or visualisation of the object has not been incorporated. However, the user, depending on the GIS-software, which is used, can choose visualisation. (see figure 5).
Seamless countrywide database
TOP10NL is stored as a seamless database and not by the separate map sheets as before. Data-selections per region, random polygon, defined sets of coordinates, but also on theme or attribute, is possible.

Basis for scale-less database
A long existing wish of the users is a scale-less database. Recent research indicates that object-oriented databases are a good basis for the development of automatic generalisation 
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Figure 4  Visualisation of TOP10NL

Link with other thematic datasets
TOP10NL can easily be linked to other national geographical datasets. By means of the unique identification number, several attributes can be linked to an object. 
Standardised exchange-format
The standards being used are open standards. At present, the Cadastre provides the vector databases in five exchange formats (Dgn, dxf/dwg, e00, NEN1878 and shape). For TOP10NL the standards chosen were the Open Geospatial Consortium (OGC) and ISO  TC211. The open transfer format of the OGC, the Geography Mark-up Language (GML) is used as standard exchange format. 

Supply of TOP10NL
From the very beginning, the exchange of data played an important role in the considerations. They should be exchanged based on a neutral standard. The current vector files are provided to the customers in five different exchange-formats, depending on the software used by the customer. This means on the one hand that much time is spent converting the vector files to several formats; on the other hand, using some conversions a part of the data is lost. In addition, more effort is needed for writing and maintaining the conversion programs and this caused extra costs. In 2002, the first version of GML came available, developed under the auspices of the Open Geospatial Consortium (OGC). Although the largest GIS software suppliers were members of the OGC, it was not clear if they could read and write the GML format. With the developers of Technical University of Delft the previous years four GML – relays were organised. At these relays, the different software suppliers have been invited to test the TOP10NL data, which were available in the GML format, in their own software. They had to read it, to perform a mutation, to write it back in GML give it to the next participant. Afterwards, the next participant had to read the data, etc. In this way to what extent several GIS software suppliers could read and write GML could be tested. In January 2006, the final GML relay took place. All invited software suppliers were able to read and write the TOP10NL data without problems. 
Use of other sources
In the new legal regulations concerning the basic registers, it has been laid down that no doubling of data-capture is allowed. For the Basic Register Topography this means that other producers of similar data should use TOP10NL for official applications. Organisations with existing databases, , at the same scale and good quality similar as TOP10NL, with regard to contents and structure, at the time that the law was enacted, may use their own dataset until 2010. A number of municipalities up to now had their own data or map series at the scale 1:10,000. In the years to come, these files need to be adapted to the structure of TOP10NL to be able to form a harmonised component of the Basic Register Topography. When that phase has been completed, the possibility arises that these municipalities keep up the datasets themselves and provide these directly to the Cadastre as a regional part of the basic register.

Beside TOP10NL, which is captured and used on the scale 1:10,000, the Netherlands also have a large-scale digital base-map (GBKN). At this moment this database has not been made object-oriented and not yet harmonised in content and structure for the whole country. However also GBKN is a candidate for a basic register. For that, the harmonisation must take place and the financing should be regulated. According to the expectations, GBKN will obtain the status of basic register around 2010. 

Additionally, it is strived for to integrate TOP10NL and GBKN. The first step is directly taking over the buildings from the GBKN into TOP10NL. The buildings of GBKN, which are captured in the scale 1:1,000 or 1:2,000 have, of course, a better geometric quality. This also prevents double data-capture. The tests show positive results. According to the expectations, the GBKN buildings will be incorporated in TOP10NL in 2007/2008. Furthermore, the updating of GBKN and TOP10NL will be coordinated in the future.

Reporting errors
As soon as the national and local authorities start to use the basic register, they need to report errors or mistakes in the data. That implies that if a user observes errors in the data or that the data are lacking objects, he is obliged to communicate this to the responsible agency, which manages the basic register. If the error report is correct, the obligation to use that part of the data will be abrogated, until the errors are corrected. The Cadastre also establishes a register system of these reports and notifies the user when the (alleged) error is corrected. The concerning data temporarily gets the status `in investigation’. 

Relations with other basic registers 
Like mentioned above, until now there are six basic registers which will be introduced in the next few years. Moreover, there is a discussion going on appointing other registers, among which GBKN and soil and geology. From the first six basic registers, particularly buildings, cadastral parcels and addresses have a geometrical component. That means that beside administrative relations there also are geometrical relations between the registers. This has a number of advantages in both the exchange of data and for the use of the registers, because with geometry in GIS systems all kinds of relations can be constructed. 
Conclusions
The development of basic registers in the Netrherlands give an important push to the use of TOP10NL. This topographic database can serve as the reference database for the National Geographic Information Infrastructure (NSDI). It also meets a lot of the requirements of INSPIRE. The modernisation of the existing CAD database TOP10vector, started in 2001. Parallel to the development of the TOP10NL data model also the national standard NEN3610 was renewed, taking into account the international standards from W3C, OGC and ISO. In the constellation being a Basic Register, public organisations are obliged to use TOP10NL as reference database at the scale 1:10,000. The obligation to report about errors, will improve the quality.
