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Introduction


Contemporary conceptual models of topographic databases utilise the idea of ”multi-resolution” and „multi-scale” databases (MRDB). This approach allows to perform one, conceptually coherent model of topographic objects with various levels of generalisation and geometric accuracy. Majority of existing studies are usually focused on „multi-scale” or ”multi-resolution” modelling of topographic content. Development and implementation of such methodology for the needs of modelling the terrain relief would allow to implement the coherent concept of a multi-resolution topographic database. This approach allows to develop the digital terrain model for two or more levels of generalisation, in such a way that it is considered as one database. This also opens wider possibilities with respect to maintenance of connections of the spatial integrity between the terrain relief model and the other geographic features (e.g. the river network).

Currently, there are accessible several DTM dataset for Polish territory: digital terrain model in TIN and/or GRID formats, as well as drawings of contours  For the needs of the NSDI development, and in particular for the needs of development of the concept of the multi-representation, reference data base, the most important are the  DTM  surveying data and the TIN, irregular model, which maintains the important topological relations. This kind of the data are accessible in three databases:

· In the Topographic Database (TBD) which covers about 8% of Poland; the digital terrain model (1m accuracy) is developed as a separate component.

· In the Land Parcel Identification System (LPIS) database; the digital terrain model is being developed for the entire country (1.5 m accuracy ); this model has been developed for ortophoto creating process
· In the SMOK database (flood protection system) which covers about 11% of Poland; the digital terrain model (0,8 m accuracy) is the highest quality dataset.

At present the above databases are not harmonised and the data flow between them, does not exist. Within the frames of implementation of the research project No. 6 T 12 2005C/06552 “Methods and procedures of integration, visualization, generalization and standardization of state geodesic and cartographic resources data bases and their usage in creating thematic data bases” the authors have made an attempt to develop the concept of a conceptually coherent, multi-resolution, Topographic Database, the important component of which are elevation data (the DTM component), integrated with the vector databases (the TOPO component). 

In the course of continuation of investigations, which were started within the Project of the Scientific Research Committee “The national topographic information system” (Makowski, 2005), the authors approved the following initial assumptions:

· Development DTM data as the „spatially continuous” database. Data should be transfer to TBD in the form of surveying data only (GML format). Other forms of DTM data (as TIN, GRID) should be independently processed by data users. It should be possible to develop drawings contours basing on the DTM data, for the needs of printing the topographic map (development of the KARTO component).

· Integration of the conceptual model of the TOPO and DTM components, as well as definition and maintenance of topological relations between particular objects and classes of objects.

· Considering characteristic DEM elements as objects, which represent selected real objects, such as: mountain peaks, mountain chains, saddles, valleys, ravines. Recording additional information, in the form of data attributes, together with objects, which represent the terrain relief, allows to record a series of names of objects, which are important for the TBD database users.

· Utilisation of DEM data stored within the frames of the LPIS Project for the needs of creation of two (or more) levels of the DTM component in the multi-representation TBD database.

· In the course of acquisition of data for the DTM, the area division into regions of diversified terrain relief characteristics should be considered. Depending on the country region, different parameters of the data acquisition process should be used. 

· Development of algorithms of DTM data generalisation, which maintain the defined topological relations between the topographic and DTM elements, which are modelled in the spatial database.

Harmonisation of DTM data from various sources 


The following steps towards harmonisation of the DTM data with other TBD components have been undertaken within the frames of performed research works:

a. Unification of the conceptual model of particular components,

b. Unification of geometric representation of particular terrain relief elements and methods of their acquisition,

c. Assumption of identical or similar requirements concerning topological relations between the elements which are used in DTM component in TBD and other TBD components (TOPO, KARTO, ORTHOPHOTO).

Unification of the conceptual model consists of finding decomposition of elements, which model the terrain relief, which is common for all components. The “commonness” in understood as the answer to all functional requirements of particular components. For example, in the case of the DTM component it is required to achieve the assumed altimetric accuracy of the model; and the KARTO component requires that the terrain relief is visually presented by means of conventional cartographic symbols. Thus, from the accuracy requirements point of view, it is sufficient to acquire data for rise and top of an scarp, by means of breaklines; appropriate triangles stretched on those lines and they will model the terrain relief. On the other hand, for selecting appropriate cartographic symbols, it is important to differentiate the rise and the top of the scarp, as well as to point to the slope direction. Since the requirement of the KARTO component is “stronger”, and – at the same time – it is sufficient for the requirements of the DTM component, it should be assumed that the method of the scarp representation, corresponding to the KARTO component, seems to be the “common decomposition”. Unification of geometric interpretation of terrain relief elements is understood as determination and formal description of the way of interpretation of spatial location of particular terrain relief elements. This means, for example, determination of the minimum discontinuity (the minimum difference in elevations, the minimum areas etc.), which is registered by means of vectorising its elements. Besides, the accuracy of presentation of particular terrain relief elements should be explicitly specified. For example, it should be stressed, that successive vertex of a line, which represents the edge of scarp should represent it with the assumed accuracy; in order to avoid inadequate number of vertex and nodes, the minimum length of the line segment should be also specified. The assumptions should be formulated in such a way that they will answer to accuracy requirements of all TBD components, for which the given element of the terrain relief modelling is important. Due to the terrain relief differentiate levels, which exist in Poland, it should be considered that the above criteria must be independently specified for particular areas (morphometric differentiation). The concept and the proposal of such spatial division in presented in the work „Digital terrain model in Geographic Information Systems” (Gotlib, Kochman, Olszewski, 2005).

The important element of harmonisation of the DTM component with the TOPO and KARTO components of the TBD database is determination and maintenance of spatial integrity  between particular feature classes. Therefore, structural lines, which delineate the morphometric skeleton of the terrain relief, should be topologically related with other topographic features. Determination of topological relations between structural elements of the terrain relief, such as flow, crest lines, characteristic points (peaks, saddles etc.) is particularly important. For example, while it is not important for DTM “triangularisation” on which side of the line of discontinuity the discontinuity occurs, it is important for cartographic symbolisation. Therefore, in order to meet the „stronger” requirements it should be determined on which side of the lines of top or rise of the scarp, the scarp exist. Another example is the topological continuity of water streams; it is not important for the accuracy of the digital terrain model, and, moreover, the stream line must be broken for the needs of modelling of a culvert. On the other hand, continuity is extremely important for the TOPO component. This example illustrates the conflict, which exists between requirements of particular components; it als means that – in this case – harmonisation may not be understood as the commonness of requirements concerning the given element, but only as the possibility or unification of their selected features (as the common geometric course on mutually covering sides). It is recommended that the geometric representation of skeleton lines of the terrain relief – flow lines of crest lines – is the network of unified and continued geometry and correct topology. 

Definitions of topological relations between the structural elements of the terrain relief, within the DTM component, as well as relations between selected classes of objects of the DTM, TOPO and KARTO components, will allow to perform complex spatial analyses with consideration of the third dimension, and to perform generalisation of all elements of the multi-resolution Topographic Database, with the maintenance of conceptual and geometric coherence. 

Model of source DTM database 

It is proposed that “surveying” data becomes the foundation of the DTM within the MRDB database. Surveying DTM data should be similarly modelled as other feature class of the TBD. The DTM data, developed this way, will be further referred to as DTM-BD in this paper. At the present form, the objects of the digital terrain model in the TBD database do not have any additional descriptive information. In the presented proposal attributes have been added to DTM objects, in order to increase their value with respect to utilisation for the needs of development of the TOPO and KARTO components, but also to improve their properties with respect to spatial analyses performed with the use of spatial information systems. 

The difference in the DTM, with respect to objects recorded in the TOPO and KARTO components concerns recording of the object geometry with consideration of all three co-ordinates. The structure of the DEM database is analogous to other parts of TBD. Below the list of features classes included in the proposed data model are presented.

	TABLE
	DESCRIPTION

	PKT_NAZWANE
	Peaks with known names

	PKT_EKSTREMALNE
	Other characteristic terrain points without names, including spot heights

	PIKIETY
	Mass surveying points

	GRZBIETY
	Crest lines (including named mountain chains)

	DOLINY
	Valleys 

	CIEKI
	Stream lines 

	SKARPY
	Top lines of escarpments, Rise lines of escarpments

	
	

	PLANARY
	Areas of permanent altimetric (eg.lakes)

	WYŁĄCZENIA
	Areas excluded from DTM generation

	WARSTWICE
	Contour lines


Below three examples of structure of objects included in the proposed data model are presented . 

	PKT_EKSTREMALNE  – extreme points which do not have names 

	Attribute name
	Data type
	Required
	Description of attributes, examples of values

	ID
	N(38)*
	YES
	Object identifier

	RODZAJ
	T(2)*
	YES
	Type of represented objects: a peak, the minimum, a saddle

	WYSOKOSC
	N(4)
	YES
	Point altitude in metres

	INFORM_DODATKOWA
	T(30)
	NO
	Additional information concerning the object 

	TYP GEOMETRYCZNY: PUNKT - 3D


* “N” means “Numbers”, * “T” means “Text”

	DOLINY  – a valley

	Attribute name
	Data type
	Required
	Description of attributes, examples of values

	ID
	N(38)
	YES
	Object identifier

	ID_PRNG
	
	
	Object identifier from the State Register of Geographic Names

	INFORM_DODATKOWA


	T(30)
	NO
	Additional information concerning the object

	TYP GEOMETRYCZNY: LINIA - 3D


	LINIA_CIEKOWA  – a stream line 

	Attribute name
	Data type
	Required
	Description of attributes, examples of values

	ID
	N(38)
	YES
	Object identifier

	ID_CIEKU
	N(38)
	NO
	Identifier of the reference water stream from the river class

	INFORM_DODATKOWA


	T(30)
	NO
	Additional information concerning the object

	TYP GEOMETRYCZNY: LINIA - 3D


Analysis of possibilities to utilise the existing LPIS DEM data for supplying the DTM-BD database

In this research have been made some practical experiments. Analysis of several datasets of DTM databases has been performed within the implementation of the research project.  This datasets were developed for the needs of the LPIS project in various parts of Poland. As it turned out from the analysis, the following obstacles in direct supplying the DTM-BD exist:

· Lack of metadata and the conceptual data model and ways of data recording incoherent in various parts of Poland,

· Insufficient classification of the terrain relief modelling elements – in particular the elements of structural forms of the terrain relief,

· Insufficient description with the use of additional attributes,

· Lack of uniform interpretation of morphological forms and object geometry,

· Existing problems concerning edge matching for particular datasets,

· Lack of uniform definitions of topological rules.


Lack of metadata results in difficulties in defining the structure of data files, of their timeliness and geometric accuracy. However, this obstacle is not critical.


Insufficient classification of objects with respect to the proposed DTM-BD database model means, that it is not possible to automatically transfer all objects from the source data, since more than one class, to which the given object could be classified, exists in the final model (for example the brakline from the source data may be the crest line, the rise of the top of an scarp in the DTM-BD model). This obstacle should be considered as a very important barrier, since in order to overcome it, the repeated classification of objects using stereoscopic observations should be performed, what would result in additional costs. As an alternative the objects may be transferred form the selected source class to the selected final class with the assumption that some objects will be incorrectly classified. In such a case the resulting dataset would have the similar functionality as source files, what results in questioning concerning sens of such operations.  


Acquired LPIS DEM data has not been described by any additional descriptive attributes (as the name of crest, a saddle etc.). Thus, in the case of importing such data to the DTM-BD structure, values of descriptive attributes would remain blank, what would obviously decrease the functionality of the final dataset. From the economic point of view, possible acquisition of values of those attributes would be required, since it does not mean the repetition of previously performed operations; it results in the added value in the sense of improvement of the functional value. Therefore it should be stated that the lack of attributes is not an important obstacle.


One of the most important obstacles, which have been defined, is the lack of uniformity of interpretation of the terrain morphological forms. Another identified difficulty concerns requirements with respect to topology of data acquired in the course of the DTM development in the LPIS project. 

Those requirements were basically limited to correct relations with respect to triangularisation of data, i.e. to avoiding crossing of skeleton lines in the horizontal plane and to avoiding occurrence of two points, line segments or parts of areas with the equivalent planar location and different altitudes. Lack of more severe requirements concerning the object topology significantly decreases the functional value of such data, from the point of view of the final DTM-BD database.
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Fig. 1 – The lack of topological relations, required for GIS analyses
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Fig. 2
 The topology – (a,b – incidental direction of drawing the slop directions of breaklines)
Resuming, the performed analysis proved that the described barriers result, that the direct import of existing data to the DTM-BD structures is not possible without correcting operations or without assuming compromise assumptions concerning reduction of the planned functionality of the system. Development of a correct DTM component of the multi-resolution TBD database, basing on the existing LPIS data, requires the repeated source data edition with the use of an instrument, which allows to perform stereoscopic observations. 

Considering above remarks, an attempt was made in the course of research works, to perform simplified supplying of the DTM repository, following two concepts. 

· The first variant meant the import of all survey points (spot heights) from the LPIS database and transfer of line and area objects into point objects by means of selection of all nodes, vertex and edges, and then, recording those points as spot heights. This solution leads to losses of information on the topology of the DTM elements, but it maintains the objective nature of direct measurements.

· The second variant aims at maintenance of the additional layer in the repository, which stores edges of the triangular DTM model. In this variant, measuring elements are not imported and the resulting network of triangles is created basing on those elements. This solution leads to the loss of measuring elements, but it fully utilises those elements to create the network of triangles, which is topologically correct (from the DTM point of view); with the high probability it will generate better results with respect to altimetry accuracy.  

The practical experiment has not been completed in the course of preparation of this paper, therefore its final results may not be presented yet. 

Conclusions
Experiments and concepts, described using the examples of Polish DTM databases may be used in planning of process of integration of other DTM databases. 

The approach proposed above allows for wider unification of the topographic database structure than it occurs in standard cases. It also opens wider possibilities with respect to maintenance of the ties of spatial integrity between the terrain relief model and the other topographical objects (first of all, the hydrographical network). This will practically enable to develop the complete and topologically correct model of the terrain relief (Olszewski, Kochman, 2005) and to perform the terrain relief generalisation (Olszewski, 2005), understood as generalisation of the relief model with the maintenance of topological relations, and to as simplification of drawings of contour lines. 
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