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ABSTRACT 

The contemporary tendencies of the globalization phenomenon and the rapid development in the field of Information and Communication Technology (ICT) have inevitably influenced the Cadastral Domain. Common standards and “open” protocols are consecutively being developed by worldwide action organizations and institutions which the cadastral systems should adopt in order to be modernized and be more flexible and efficient land information systems.

Concerning the aforementioned interaction between ICT and Cadastral Domain, the interest is focused on the new initiatives of standardisation that are used to achieve the modelling of the cadastral systems, as well as on how the current standards can be utilized for the interchanging of cadastral data models. The objective goal is the introduction of a proposal which aims at indicating the means that the developers of cadastral models can use in order to build, store and interchange in a more independent and productive way, than they could before.
The motive of the effort was primarily derived from congruous activities that have been mainly performed for research purposes at a European and international level aiming at the improvement of the quality of the cadastral systems as well as the equable conduction of the cadastral transactions.

1.  STANDARDIZATION INITIATIVES IN GEOMATICS

Indisputably, the world is becoming increasingly interconnected, via the innovative and modern architectures of the information systems (Internet, DBMS, GIS, etc.) that have developed in the field of Geo-Information and Communication Technology. Moreover it is expected that the access in various subjects of information will be more applicable and whenever that is necessary judged. Among the enormous range of data, information and services that are offered through these technologies, many concern geographic information that is often reported with the term “geodata”. Because of the fact that this information derives from a great number of dissimilar sources, this kind of information is not often exploitable. 

Nowadays, a great number of organizations and companies are working on the resolution of this problem through the development of “open” standards and common protocols in order to ensure that materials, products, processes and services respond to their aims. The recipients of these products (industries, companies, governments, simple users, etc.) have for sometime been aware of the need of agreement in such standards, in order to rationally organise the communication processes. With the use of acceptable standards, the users interact with each other, aiming at the cultivation of the most effective production, management and distribution of the geographic data.

Geodata, which derives from different types of applications, should be useful and reusable to all. Information given in such form will minimize the cost and the time that are required for its transformation in the required data format. In order to achieve this goal, new architectures supportable from the information systems have recently developed (such us the Extensible Mark-up Language / Geography Mark-up Language (XML/GML), Java (with Geo-libraries), Object/Relational Geo-DBMS) [1]. The main advantage is that most of these are free for use and modification as they are based on national and international specifications of standardization. 

The use of such “mature” technologies and “protocols” of communication ensures the data interoperability between information systems and the reusability of data; elements that constitute the basic factor of their success. The immediate benefits from the harmonisation of the systems according to the current standards will be the more effective storage and the more rapid exchange of geo-information. 

1.1  Standardization Initiatives in the Cadastral Domain

A great deal of efforts is being made worldwide, concerning to the standardization in the Cadastral Domain. Various organizations like OpenGis Consortium (OGC), International Organization for Standardization (ISO), International Federation of Surveyors (Federation Internationale des Geometres - FIG), the European Land Information Service (EULIS) and COST Action G9, interact with each other in order to introduce, accept and engage in ubiquitous and common protocols of communication. They compile the techniques of systematic collection, updating, processing and definition of the type of distributed cadastral data and services, based on geographic standards. Technically, the integration of these work processes offers considerably more potentials in the management and distribution of geodata. 

Standardization in the cadastral domain also supports the meaningful exchange of information between organizations and other parties, in their dealing with the rights in land. The work has been centralized on describing the processes involved in real estate transactions. This will promote the comparative methodologies concerning the cost, duration, taxes, etc., among countries and will provide a sustainable land information management. The activities intend to develop a framework for oncoming information systems through a comparative analysis of the real property transactions.

Recently, the interest has been also focused on the development of a Core Cadastral Domain Model (CCDM). The research carried out by European and international initiatives is concerned with features found in most cadastral systems and develop data models according to the international standards. As it is not feasible to install one single and united cadastral system in European countries, National Domain Models can be modelled as extensions of the core model [2]. The aforementioned organizations are extremely active so as to adopt and implement a common and flexible data model which will enhance the efficient management of cadastral data. The main advantages of the core model are found in two different areas: In the first hand, it represents the core software component of cadastral systems, while in the second it facilitates the exchange of cadastral data between the cadastral systems of different countries. According to the research, the final model should be adopted by the organizations (FIG, OGC, etc.) as it will motivate software industry to deliver new products [7]. 

The determination and the implementation of the CCDM will be useful for the easier realization of the Real Property Transactions at an international level and everybody is encouraged to participate in its further development [10]. 

1.2  Benefits from assimilating standards in Cadastral Domain
Concerning the standardization in Cadastral Domain, the standards should determine the methods and the tools that are used for the acquisition, management, access, analysis, presentation and interchange of the digital cadastral data between users, systems and localities, aiming at the facilitation of their united management. By incorporating these components, the cadastral systems will increase their productivity and functionality.

New prospects are created for the development of new cadastral systems, as well as the improvement or the extension of the existing ones [1].  Primarily, a model driven architecture for the implementation of a Digital Cadastral Data Base will facilitate the interchange of data between international organizations. Secondarily, by standardizing the cadastral transactions, a forceful tool will be provided for the successful communication between the various cadastral systems. Consequently, the transactions between countries will be simplified, in a way that the participants of the transactions will be aware of their responsibilities and obligations towards the competent Land Registry System of every country. That will improve the cadastral processes, with regard to the reduction of transaction costs and duration and increase of the transparency of real property markets [5]. 
In conclusion, the harmonisation of the cadastral systems with the new standards will improve their operation quality, data storage, distribution of information, ensuring simultaneously flexibility in the presentation form of data and services that will be the base for the rational development and integration of the cadastral infrastructures in every country. 

2.  STUDYING THE theoretical background of modelling
A model is the simplification of the reality that portrays the more important opinions of a subject, omitting those of less importance. It describes a natural system from at a level of abstraction. Abstraction is the intellectual operation by which from the total of details of an entity, only the ones of interest are focused on, excluding the remainder [6]. Thereby, different models of a natural system present different aspects of the system, from different perspectives or different levels of abstraction. The abstraction is a useful tool for the creation of such models which contain the sole detail which concerns the designer, enabling the definition and implementation of complex systems. Recapitulating, modelling is the study of a phenomenon through graphical descriptions, representations and documentations, targeting at the designing and eventually at the construction of a system. 

The implementation of the model of a system before its implementation is equally essential as the architectural drawings for a building under construction. That is to say, comprehensive models are essential for the communication (because of the common vocabulary) among the work teams, enhancing the accurate manufacturing of the system’s architecture. Its visualization can contribute to the better comprehension of its structure as well as the achievement of interoperability between systems. Internationally, much effort has deals with the modelling of the cadastral systems, which constitute complicated systems comprised of a lot of sub-systems and processes and they are supported by databases maintaining the land referenced data [8].

Despite the fact that different techniques have been developed for the modelling of systems, during the last decades, the Unified Modelling Language or UML (Object Management Group - OMG) is considered to be the most widespread and acceptable modelling language. It is broadly used in the object oriented (OO) analysis because of the fact that most programming languages and systems are nowadays based on OO techniques.
2.1  The Unified Modelling Language (UML)

UML is a graphical language which is used for the designing of mainly object-oriented applications, offering at the same time the potential to visualize and document the processes within an organization, as well as the planning of systems requirements. Standardized by the Object Management Group (OMG), UML constitutes the best way of ontological modelling, generally acceptable in various methods and modern modelling tools in the modern technology, because it provides a rich and uniform terminology through graphical descriptions and representations, capable of modelling complex systems as it incorporates extension mechanisms.

UML is used for modelling the structural, functional and dynamic aspect of information systems. Thereby, it can be used for the development of a database independently from the database management system (DBMS) where the model will eventually be implemented. There is also a significant reason for the adoption of UML as a modelling language. ISO TC/211 and OGC which deal with the standardization of geo-data selected the UML as the appropriate language for geographic data modelling. Moreover, UML is the applied language for the development of the CCDM (COST G9, FIG, etc.) and the modelling of Real Property Transactions (COST G9 – Modelling Real Property Transactions).

2.2  The Extensible Metadata Interchange (XMI) architecture

XMI, (stands for Extensible Metadata Interchange - OMG), represents an extremely important initiative that provides an important tool for the interchanging of information that the constructed models incorporate. It combines the benefits of the web-based XML standard (Extensible Markup Language by World Wide Web Consortium – W3C) for defining, validating, and sharing document formats over the web, and the benefits of the Unified Modelling Language that provides application developers a common language for specifying, visualizing and constructing distributed objects and models. 

XMI standard is considered to be a basic method for the effective organization, presentation and distribution of the models. It provides the potential to interchange of data between different modelling tools or other applications; it strengthens the data interoperability, enhances the faster distribution and reduces the loss of time and cost due to transformations. As regards to the great number of efforts in cadastral domain modelling (CCDM, Modelling Real Property Transactions) at a worldwide level, models could easily be distributed via XMI format to those who are interested (cadastral organizations, universities, individuals), independently from the platform-software where the model has initially been developed, accommodating the successful communication between Land Registration Systems.

3.  The proposal in brief

Cadastral systems are, in principle, the same: they are all based on the relationships between persons and land, via (property) rights [9].  Considering that these systems are substantially influenced by the initiatives of the Information and Communication Technology Systems, developers should present the methods that will ensure the modernization in the Cadastral Domain through a more effective management of geodata and more efficient accomplishment of the real property transactions. They should submit the means so as to define of the comparison methodologies and the methods of interchange of information between the cadastral organizations. Furthermore, the standardization organizations will develop a cooperative framework for the harmonization of these works and the development of specifications in order to achieve data interoperability.

Primarily, the goal, which should be brought into action by each country that desires to participate in the standardization of Cadastral Domain, is the development of a National Cadastral Data Model (NCDM). The determination of NCMD’s basic elements will be achieved with the use of Unified Modelling Language (UML), accommodating database experts with a profound comprehension of FIG’s objectives. Moreover, based on a model driven architecture (XMI) models could easily be distributed in order to be the basis for a later constructive analysis of each NCDM. The determination of the similarities and differences between the NCDMs will be achieved and the further development and implementation of the Core Cadastral Data Model will be induced through acceptable standards (as initial developers have proposed [10]). 

3.1 Development of National Cadastral Data Model

The development of systems usually starts with capturing the users’ requirements through collecting the essential data that compose the system and drawing the various processes which are executed during its operation. Concerning the first step on a Cadastre’s Database construction project the developers describe in natural language the application domain as well as the requirements of the final system. These requirements alter as time passes because of changes in legislative frameworks, administrative enactments, and technologic advancement so it is important to create general and extensible models.  

Initially, ontologies are identified as arising from the real world level. The conceptual schema arises as an abstract representation of the digital cadastral database, focusing on data semantics. Capturing these primal constructive elements, a logical data model based on UML is used for the fundamental representation of ontologies that an application is based on. The logical design is a step closer to the implementation level; however, it is independent of specific characteristics of the target system. The data model is formulated by using the static modelling method of UML, providing the appropriate graphical notations to represent the structure of the national cadastral database. 
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Figure 1.   Modelling the national cadastral database

Particularly, a UML class diagram is used to visualize the cadastral “objects” as well as the various kinds of structural relationships that exist among them like associations, generalizations, subtypes, etc. [10]. Classes represent particular geographic and non-geographic objects. Furthermore, the class diagram presents the attributes and operations of the classes as well as the constraints and rules that apply to the way objects are connected. Recapitulating, the data model describes spatial and non-spatial features (geometry, legal/administrative classes, etc.) by using appropriate UML symbolisms (packages, classes, attributes, all kinds of relationships, tagged values, etc).  

3.2 Interchanging the National Cadastral Data Model

Standardization is the key to achieving interoperability between heterogeneous systems. The interchanging of cadastral data models between the developers who deploy action in the Cadastral Domain can solve the interoperability dysfunctions that arise in research groups that use modelling tools from multiple vendors and different locations, aiming at the collaboration on the development of an application. Concerning the significant number of activities that have taken place in the last few years related to the development of a Core Cadastral Domain Model using the Unified Modelling Language, a great need to interchange the data models has come up. The Extensible Metadata Interchange (XMI) attempts to solve the interoperability problem by creating an open interchange format, the widely adopted OMG standard for systems’ development.

XMI is a model driven framework for defining, interchanging and manipulating data models, providing a standard format (textual representation) for describing specifically UML model elements. The main purpose of XMI is to enable easy and flexible interchange of data between UML modelling tools and information systems in distributed heterogeneous environments.

Teams using tools from multiple vendors are now able to collaborate on applications with the XMI architecture, allowing data exchange without information loss through a system-independent data exchange mechanism. This will provide unprecedented interoperability between a diverse set of tools that manage UML data models. The acceptance of this architecture will enable database designers to interchange the developed NCDMs without extensive and laborious transformations, that the various cadastral systems worldwide use for the storage of the cadastral data, with ulterior motive to develop and implement the CCDM.

[image: image10.jpg]Geodatabase






Figure 2.  Utilities of XMI architecture in Cadastral Domain

Therefore, XMI provides even greater availability to the modelling work by reducing the time and cost of work and providing data interoperability.
3.3   Physical implementation of the NCDM

A UML model, by its very nature is not suitable for direct use by computer software. It determines the system and the data which it maintains, but the provided detail is inadequate for automatic exploitation by software [4]. In practice, XMI attempts to offer a solution to these incompatibilities, by means of interchanging UML information, especially between different vendor tools.

Today, every software vendor works very hard to offer XMI compatibility, enabling information systems to interact with each other, so that they can achieve the most effective management and distribution of data models. A range of commercial modelling software and other development tools are capable of importing and exporting XMI representations of UML models (modelling tools like Rational Rose, Microsoft Visio, information systems like ArcGIS, etc.). 

While database modelling focuses mostly on depicting the database, the physical design of the database concentrates on the implementation of the database. Taking advantage of the aforementioned capability, processes of transforming the logical class diagram of the National Cadastral Data Model to a precisely physical data model, can be applied, considering that XMI architecture allows the description of UML packages, classes, attributes, associations, data types, tagged values and other structural elements which constitute a class diagram. To that end, GIS software can be used for the automatic generation of the database (ESRI has recently incorporated XMI import facility in ArcGIS software, and other companies may follow in the future).





Figure 3.   Implementation of the cadastral database

An import/export facility (add-on application) should be used, in order to automatically and consistently produce XMI files that represent the UML class diagrams. Indeed, the use of XMI can ensure the interoperability between different tools (Ms. Visio - ArcGIS), achieving the generation of the database into ArcGIS environment. The goal was the exploitation of new techniques that concern applicable methods of distributing interchanging cadastral data models. Because, when a database is being designed, it is important to enforce standards which will enable users to reuse elements, as much as possible, reinforcing the work productivity.

3.5  Dysfunctions arising during procedures

Standardization is intended to give developers, working with modelling technology, the ability to exchange data models in a standard method through a diverse set of tools, even ones from different vendors. However, the fact that the standards are relatively recent and they are continuously evolving induces a variety of dysfunctions in the development and the interchange of the cadastral data models. Practically speaking, software tools use various and incompatible versions of XMI, a problem that is also strengthened by the evolvable versions of UML. Despite the fact that programming tools have been developed for the conversion of these different XMI versions, the inexperienced users face difficulties during the execution of these transformations.

Delays in the completion of the applied processes are also created by the semi-completed support by modelling tools of the Export/Import facilities. The user is obliged to proceed with the installation of appropriate applications (add-on) in order to activate the interchanging techniques. However, the incorporation of the add-on tools in the software is expected, because of the rapid use of modelling techniques in various works today. Unless companies open up their tools and applications to these “open” standards, their success will be questionable. Thereby, UML software supports more and more XMI facilities, so that developers can interchange UML models from one tool to another. 

Achieving these goals, database developers will be able to use a common framework for specifying, constructing and distributing data models. 

3.6  Benefits arising from the utilization of standards
New needs and demands emerge within cadastral organizations as standardisation initiatives significantly influence the Cadastral Domain. Developers are now able to create applications in collaborative development environments, enhancing interoperability and consistency. Through the evaluation of the standards, the intended processing can be adopted in the development, management and interchange of the cadastral data models. UML proved to be a capable mean for capturing cadastre database’s structure regardless of a Database Management System. The determination of a core model by each country will contribute to the comparison analysis. On the other hand, XMI constitutes a flexible architecture for the distribution of the constructed National Cadastral Data Models as well as their generation in GIS software. This methodology may contribute to further development and implementation of the Core Cadastral Domain Model, as it is demanded.

 The aforementioned standards have allowed developers to share models from a variety of vendors strengthening the productivity of work and the more rapid exchange of cadastral models. The whole process finally results in the reduction of working hours and cost because of the reusability of the information as well in the reinforcement of the interoperability. 

4.  CASE STUDY 

Generally, cadastral systems are parcel based and up-to date land information systems, containing a geometric description of land parcels linked through mechanisms to other records describing the nature of rights (e.g. rights, mortgages, etc.), ways of acquisition of rights and additional information (values, etc.). Thereby, cadastral infrastructures facilitate efficient land property markets, protect the land rights and support long term and sustainable development and land management. 

According to this infrastructure, “Hellenic Cadastral Project” (HCP) is nowadays, compiled and considered to be the most significant -under development- socioeconomic project in Greece. Its purpose is the systematic collection, registration, organization and multipurpose management of the spatial information in relation to its legal/ownership status all over the jurisdiction [14]. Specifically, for the depiction of land referenced data, the Hellenic Cadastral System maintains data that is being managed by a unified spatial reference system (Hellenic Geodetic Reference System 1987 - HGRS87), providing the foundation of the land centralised information system.

 The fact that the HCP is still running constitutes a further reason for the systematic modelling and documentation of the requirements the system, the defining of processes’ flow charts, the designing of database models, creating new perspectives in the further development of the cadastral system. In order to implement the proposal, the “spatial aspect” of the Hellenic Cadastral Database Infrastructure is being developed via modelling techniques, constituting a step towards the future standardisation processes in the Cadastral Domain. Furthermore, the interaction between the cadastral systems and the Geographic Information Systems (GIS), which is unequivocally strengthened by their modernization, through the development and the acceptance of forceful standards, raised the issue of the interchange of geodata.
4.1 Building the Spatial Data Model using UML

In the database domain, the determination of a database’s structure is defined by the prevalent term “logical schema”. The logical level provides a set of formal concepts with which geographic and non-geographic features as well as their relations can be modelled according to the user's perceptions. Particularly, the logical design of a spatial database can be ascribed using the Unified Modelling Language as it was recently recognized as a de facto diagrammatic standard in the information technology community and ISO/TC 211 and OGC have chosen UML for geospatial data modelling.

Spatial data modelling demands the construction of data models that are more specific and capable of capturing the semantic characteristics of the spatial data. UML provides the basic principles for the depiction of the structure of the database, including the analytic description of the relations between the spatial data, through static structure modelling. Class diagrams, constituting a graphic aspect of the static model, can visualize and document the database of a cadastral system, where the spatial information is maintained, focusing on an object based construction. UML also provides extension mechanisms made, specially, for the definition of new model elements such as spatial characteristics.

Indeed, the model defined the classes, and their attributes, relationships and special characteristics, corresponding to the spatial data of the Hellenic Cadastral Database (Originated by the KTIMATOLOGIO S.A. Technical Specifications - "Coding and Organisation of Elements", 2003). All classes were initially organised into a package (spatial data). A unique class was created for every spatial entity (e.g. building, parcel, cadastral sector, etc.), containing the attributes that characterize the class, such as the name, area, perimeter, etc. While most relationships between features were modelled using aggregations (e.g. cadastral section containing parcels, etc.), characterized by their name and cardinalities, in a limited number of cases associations and generalizations were used to indicate special kind of relationships between the features. Generalizations were used to isolate the common attributes (e.g. area, perimeter, etc.) from multiple sub-classes to a single hyper-class, resulting in the simplification of the data model. UML special syntax (tagged values) was also used to supply the classes with spatial representation (point, line and polygon, e.g. Building is depicted by a polygon) as well as tagged values were added in order to provide additional information to UML structural elements.

In view of the development of the structure of the database via capturing user’s requirements and needs, Microsoft Visio, a Computer Aided Software Engineering (CASE Tool), was used.
4.2  Implementing the Spatial Data Model in GIS software
Based on the analysis of the spatial entities of the Hellenic Cadastral Database, a data model was created, integrating the entire database’s structure information. Having created the Spatial Data Model (SDM) in Microsoft Visio, a framework proposed by ESRI was adopted targeting at the automatic conversion of the logical model into a physical database model, in ArcInfo Software (geodatabase). Nowadays, Computer-Aided Software Engineering (CASE) consists of tools and techniques that automate the process of generating database schemas (through XMI format). 

A geodatabase (GeoDB) is capable of complex data management in contrast to the relational databases. The shapes of geometry features are structured sets of coordinates that cannot be well represented with standard atomic field types such as integer, real and string. Furthermore, features are gathered into systems that have explicit topological relationships, implicit spatial relationships, or general relationships. A key purpose of the geodatabase is to handle complex geographic data with a uniform data model independent of the relational database underneath [16]. Thereby, the structure of a geodatabase (feature datasets, topological groupings, relationships and other elements) allows users to design geographic databases that approximate the logical data model.

In general, the GeoDB is a logical extension of the relational databases dealing with geographic information and has been used by GIS applications allowing GIS users to accurately model the objects of their interest.
4.2.1  Reconstructing the SDM

Despite the fact that the Spatial Data Model was initially designed to be completely platform independent, the model was reconstructed and based on one of the templates that are provided by ESRI (ArcInfo UML Model), containing all the basic ESRI classes, so that importing the models to software can be possible. The ArcInfo UML Model diagram contains the object model required for using UML to model the geodatabase [12]. 

In brief, the next steps were followed. The classes were connected to a special ESRI class (ESRI Feature Class) through generalizations in order to inherit shape properties, and ArcGIS effectively identifies them as spatial features. The data types of the SDM attributes were replaced by the corresponding ESRI field types (e.g. String to EsriFieldTypeString, etc). Tagged values, constituting an extension mechanism of UML, were also used to set additional properties to UML classes, attributes and relationships (definition of geometry type, length of attributes, primary and foreign keys, etc).

The following figure reports the tagged values which were used in the reconstruction of SDM [12,18]:

 Tagged value                            Values                                                                            Meaning                             

GeometryType       esriGeometry Point, Polyline,Polygon      Sets the geometry type for feature classes

Length                                      Integer                                                    Width of string type fields

AllowNulls                               True/False                                    If null values are allowed for a field

OriginClass                             Class name                                    Origin class for a relationship class

OriginPrimaryKey                    Field name                                    Primary key field of the origin class

OriginForeignKey                     Field name                                    Foreign key field of the origin class

DestinationPrimaryKey             Field name                            Primary key field of the destination class

DestinationForeignKey              Field name                            Foreign key field of the destination class

Figure 4.  Tagged Values used in SDM

Incorporating the additional information in the model, it was reconstructed according to the guidelines provided by the ESRI. Part of the UML class diagram which corresponds to the spatial features of the Hellenic Cadastral Database is depicted in the following figure.


Figure 5.  Part of the Spatial Data Model
4.2.2  Exporting the SDM to XMI format

The Spatial Data Model was exported as XMI file via the “UML to XMI Export Facility”, an add-on application, which was earlier installed as a software component in Microsoft Visio. All the required information concerning the structure of the database derived directly from the XMI file. A DTD file (Document Type Definition) is prerequisite, called uml.dtd, which defines the correct XMI document structure. The uml.dtd file had to be placed in the same directory where XMI file existed, providing the means for data model interchanging between the UML based tools. 

The generation of the geodatabase schema based on SDM was realized via the ESRI Schema Wizard, a command available in ArcCatalog. Meanwhile, the SDM was validated via ESRI’s “Semantic Checker” by producing a report indicating possible errors that the data model presents. This tool verified that the structural elements described by UML syntax in the SDM, were correctly specified. 




Figure 6.  Generation of the geodatabase


The Schema Wizard presented the features in a tree view, reporting descriptive information about the feature dataset (Spatial Data), feature classes (e.g. building, parcel, etc.), relationship classes (e.g. aggregation between cadastral section and parcel, etc.), fields of classes (name, length, etc.) and additional information about database’s structure. Finally, a report was extracted providing information about the structure of the data model


Figure 7. Generation of the geodatabase

4.2.3  Structure of the GeoDB

The schema generation tool in ArcCatalog “translated” the UML class diagram (Spatial Data Model) into an empty geodatabase that is a set of feature classes and relationship classes. 


Analytically, the UML package, which had constituted the collection of classes, depicted the dataset of spatial features sharing a common spatial reference system in ArcGIS environment. The spatial reference can not be modelled using the UML syntax. Instead, the spatial reference for the feature dataset (HGRS87) was set during the generation of the schema in ArcCatalog. When generating the GeoDB schema, all features created by the wizard, used the common coordinate system of the target feature dataset. Moreover, a unique spatial feature was created for each simple class of the model and every attribute of each class was ascribed by a field in the corresponding feature. UML associations and aggregations correspond to relationship classes. These relationships allow the user to use an attribute from one feature class to “ask” questions about another feature class that contains a related attribute, constituting a significant characteristic of GIS software. The cardinalities of the associations and aggregations were reflected as the cardinalities of the relationship classes. The tagged values of the UML classes, attributes and relationships corresponded to special characteristics of the spatial features (type of fields, length, primary and foreign keys, etc.).


Once the geodatabase schema was generated, data was inserted into the database. This was done by editing the data in ArcMap and by loading data from existing shapefiles, coverage files or other ESRI data storage methods. At a next stage, the user can define the topology rules between the features to validate the spatial integrity of data. Hereafter, users can proceed with data analysis and exploit the available data and serve products (maps, reports, etc.).

Figure 8.   Loading data into the geodatabase
5.  CONCLUSION

In the present framework, recent standardisation initiatives were introduced in order to depict the overall efforts that are being realised today in order to support the techniques of the modelling, storage and distribution of the cadastral data models. Having studied the international tendencies and prospects, an “imperative” need for the adoption and the use of new standards in the Cadastral Domain has arisen aiming at the completion and modernisation of the cadastral systems, inducing a lot of benefits to society. 

Research is necessary and cannot be continued through private initiatives and individual endeavours. It needs the integration of common and widespread standards in the productive processes via which the cadastral information is provided. The international experiences and technology offer today the potential of the enactment of generalised standards enhancing the data interoperability, an important factor of realization of information exchanging, as long as it basically concerns the designing and implementation of cadastral applications. 

Constructed models will enrich the ongoing discussion about the further development of the CCDM that should be accepted by all international initiatives (FIG, OGC, etc.) as it will motivate the software industry to deliver advanced products. By incorporating these components, cadastral organizations will develop and maintain their information systems efficiently.

In the current world of enormous repositories of data and the consecutive renewal of information, a cohesive infrastructure is required. This can be rendered feasible with the creation of applications based on the use of new technologies, so that they provide flexibility in the development and distribution of cadastral data models. Indeed, the benefits that result from the exploitation of the standards are important as they contribute mainly to the improvement of work productivity. Ultimately, new trends and prospects are anticipated for the cadastral domain, aiming at an even more rational organisation of land information systems. 
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    CASE Tools - Schema wizard log file


    Creating schema for model : Cadastre (20/8/2005 5:10:56 μμ)


    Target database : C:\visiofiles\Cadastre_R.mdb


    ------------------------------------------------------------------------


    Creating/updating feature dataset: Spatial Data


    -----------------------------------------------------------------------


    Creating feature classes in feature dataset: Spatial Data
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