Automated Derivation of a 1:300 000 topographic map from Swiss DLM VECTOR 200
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1. Introduction

The Swiss national mapping agency (Federal Office of Topography swisstopo) has undergone a complete redesign of its map production process. For this purpose swisstopo started the project OPTINA-LK in 2001. Since 2006 OPTINA-LK includes the two major parts SysDab and Genius-DB. Genius-DB is a system for interactive editing and cartographic visualization which lies in the responsibility of a third party. SysDab concerns the automated derivation of digital cartographic models (DCM) from Digital Landscape Models (DLM). The source for this derivation are two DLMs of different resolutions with scales of approximately 1:10 000 and 1:200 000. Targets are DCMs of scales 1:25 000 and 1:300 000. Figure 1 gives an overview of the derivation order for the different digital models. The derivation comprises automated cartographic generalization as well as automated incremental updating.
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Figure 1: Dataflow of Vector200 to DCM300 and TLM to DCM25.

The realization of the project SysDab is performed by Axes Systems AG, the vendor of axpand Automated GIS Cartography Solutions and cartographic information system. The implementation of SysDab is also based on the results of the project DRIVE (Derivation of Vector Models) (Bobzien et. al. 2007, Bobzien et. al. 2006) now implemented in the axpand System. DRIVE was a cooperation project between the University of Zurich and Axes Systems. The project aim was the automated derivation, including automated generalization, of vector models from various sources. The project was completed successfully in 2005. A follow-up project, currently ongoing, continues that research and development, with emphasis on the orchestration of the generalization process as well as on the architecture of generalization services.

This paper presents a feasibility study on the derivation of the DCM300 from the VECTOR200-DLM. The DCM300 is the base for a map of scale 1:300 000. The VECTOR200 is a DLM of scale 1:200 000. The derivation process consists of several steps of transformation and generalization, all performed automatically in one continuous process. This process includes model transformation from DLM to DCM, as well as various generalization operations such as simplification, smoothing, displacement and selection. The results of the process are presented in this paper and the steps performed are discussed in detail.  

In the remainder of the paper, the derivation and generalization of the DCM25 (as the basis for a map of scale 1:25 000) from the Swiss TLM (Topographic Landscape Model), which will be the base DLM for various maps of scales from 1:25 000 to 1:100 000 is considered. Analogies and differences to the derivation of DCM300 are highlighted. This leads to further demands for the derivation process and thus to additional steps.

2. Derivation of DCM300
The DCM300 serves as a basis for the topographic map of scale 1:300 000. It is currently derived from the Swiss VECTOR200. VECTOR200 is a landscape model, which represents the natural and man-made features of the landscape in vector format. It contains around 500,000 features and consists of six topics: Transportation, Hydrography, Landcover, Buildings, Points of Interest and Boundaries with 31 feature classes (swisstopo 2007). It is based on the topographic map of scale 1:200 000. Input for the derivation of DCM300 was a manually thinned VECTOR200 (see Figure 2).
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Figure 2: Two excerpts from VECTOR200, visualized with axpand (axpand 2007).

The DCM300 data model is oriented on the topographic map purpose. It has a slightly more differentiated classification compared to VECTOR200 with around 40 feature classes. The increased number of feature classes is due to the more detailed variations in topographic map visualization, mainly concerning different line symbolization of roads. Thus a major part of the derivation of DCM300 concerned reclassification, realized by a model transformation between both models.

Model Transformation

Model transformation is a part of model generalization. It comprises the transformation of features between feature classes as well as the transformation of values between attributes. The varying granularity of the data models has to be taken into account during the model transformation, which increases the complexity of this step. Feature classes of the origin model may be merged to a common feature class in the new model. Single feature classes of the origin model may be divided into several feature classes in the target model as well. The latter is achieved by evaluating attribute values of the source features.

The model transformation implemented uses an object-oriented, rule-based approach (Bobzien 2000). For each feature class as well as for each attribute, rules define the transformation between the models. The condition part of the rules is formulated in disjunctive normal form. The condition atoms formulate thematic and geometric conditions on the features. The configuration of the model transformation is created with help of a graphical user interface that supports the definition of the rules (see figure 3).
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Figure 3: Definition of transformation rules for model transformation.

Cartographic Generalization

At the beginning of the project an evaluation was carried out to identify the necessary generalization operators. As a consequence, the cartographic generalization of VECTOR200 was condensed to mainly three generalization operators: selection, displacement and simplification.

Selection: The selection of features is based on geometric criteria, in dependence of the feature’s size. Small features, for example small lakes or forests, were de-selected.

Displacement: Mainly line to line displacements were applied between roads, railways and rivers. The operators were parameterized in such a manner that highways and major roads stayed more fixed than smaller roads. Additionally, a self-displacement was configured to allow, for example, the widening of narrow slopes of road symbolization (serpentines). For displacement a snake-algorithm was implemented and applied (Burghardt and Meier 1997, Burghardt 2005).

Simplification / Point Reduction: To enable an appropriate simplification of line and area features, a topology-preserving variant of the Douglas-Peucker algorithm was applied. Simultaneously the connectivity of features was maintained.

Workflow: To obtain the DCM300, a suitable workflow was compiled. The workflow consists—on a coarse level—of the following operations in the given order:

· model transformation

· de-selection of small area features

· displacement of line features (roads, railways, rivers)

· line simplification

· area simplification

To achieve the final results, test runs were necessary. The test runs allowed a calibration of the operator’s parameters. The tests ran on sample datasets that represent different landscape types. After this parameter calibration, the entire workflow was executed in one continuous process. 

Examples 

Figure 4 shows the result of the automatic derivation of DCM300 from VECTOR200 in two excerpts. The top row shows the VECTOR200 without symbolization; the middle row shows the ungeneralized DCM300 data with symbolization. The bottom row shows the result of the cartographic generalization of DCM300. The number of coordinates was reduced by around 60-70%. Sections of interesting generalization examples are marked with ovals.
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DCM300, ungeneralized
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DCM300, generalized

Figure 4: Two excerpts from VECTOR200/DCM300, left side: example of an alpine surrounding, right side: hilly surrounding. Top row: VECTOR200, middle row: ungeneralized DCM300, bottom row: generalized DCM300. The ovals mark sections of interesting generalizations examples: (red: de-selection; blue: displacement; green: simplification and smoothing). The examples were visualized with axpand (axpand 2007).

3. Perspective: Derivation of DCM25

The derivation of DCM300 serves as a prototype for the automated generalization within SysDab and OPTINA-LK. The next step of derivation will be the cartographic generalization of the newly created TLM into the DCM25, as basis for a map of scale 1:25 000. The Swiss landscape model TLM is currently being built up, with a resolution of approx. 1:10 000 (Kreiter 2005). The TLM will be the basis for the topographic maps from scale 1:25 000 up to 1:100 000. It will also serve other applications (GIS or other). The derivation of DCM25 and DCM50 from TLM induces new requirements to the generalization process, compared to the derivation of DCM300:

· The amount of data will be much larger.

· There will be several more feature classes, thus more generalization operators are needed.

· The model will have complete area coverage and a full planar topology, which has to be considered and integrated into the generalization process.

· There will be a need for an appropriate automated update mechanism, since the TLM will have updates more frequently than databases of smaller resolution.

The main system components being applied and the requirements of these components are described and discussed in the following sections.

Workflow Management Tool

As the TLM as well as the DCM25 have a richer content than VECTOR200/DCM300, a more sophisticated workflow is needed. Therefore the design of a workflow management system, allowing the orchestration of generalization operators (Petzold et. al. 2006) was integrated into the project implementation. It consists of a workflow editor to define workflows graphically and a workflow engine to execute workflows. The system supports loops, branches and concurrent processes. To enable high flexibility and interoperability the system architecture was extended by a web-based service architecture. The service architecture is based on XML and TCP/IP, and provides generalization services (Burghardt and Neun 2006). Thus this architecture enables concurrent processing on distributed systems.

Additional Generalization Operators

As the TLM is richer in content than the VECTOR200, several complex algorithms are needed. Currently we are in the phase of identifying the generalization operators required for the automated generalization of TLM to DCM25. The following operators have been  identified so far:

· topology-preserving operators (simplification and displacement) of implicit topology

· building simplification

· detection and generalization of building alignments

· geometry type changes (collapse): area to line, area to point, line to point

· aggregation 

· typification

· amalgamation and merging

· special generalization operators, e.g. placement through rotation or displacement of irregular point symbols, like castle or church symbols.

A majority of these operators have already been implemented and tested, while others are currently in the test phase to determine their applicability to the SysDab project.

Partitioning and Generalization Zones

The amount of data in the TLM is a multiple of the size of VECTOR200. This leads to new challenges regarding the handling of the data, as the operators expect direct access to all data in primary memory. To enable fast and efficient processing, partitioning is necessary. Several partitioning approaches to serve different purposes are available:

· Partitioning alongside the trans-hydro-graph: This will build semantically coherent groups of features.

· Partitioning by analyzing the density of specific feature classes (e.g. building density). This allows distinction between generalization zones of e.g. high-density areas, low-density areas and rural areas.

· Partitioning by analyzing building shapes (Steiniger 2006).

· Partitioning by pre-defined regions.

· Manual partitioning.

A generalization zone subdivides the geo-data through landscape criteria, such as rural–urban or alpine–hilly. In dependence with the criteria of a generalization zone, an appropriate set of algorithms and parameters is selected. For example, buildings in an urban zone will be generalized differently to buildings in a rural zone, due to the proportion between buildings, buildings space and map space. The parameterization of the generalization operators depends on these criteria. Thus the approach of generalization zones corresponds to a process driven, top-down view of the generalization process. In contrast the partitions are data-driven subdivisions. The purpose of partitions is to enable the generalization of large amounts of data. A generalization zone may contain more than one partition, for example an urban area may contain a number of street induced faces containing buildings. Generalization zones and partitions are both represented through horizontal relations as presented in the following section.

Modeling of horizontal relations

To enable an appropriate cartographic generalization the system is extended by the implementation of the concept of horizontal relations (Bobzien et al. 2007). Horizontal relations allow the representation of relationships between features within one resolution. Horizontal relations support the generalization process in a fundamental way. They allow an appropriate description and formalization of, for example partitions, alignments and topology. Examples are shown in Figure 5.
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Figure 5: Horizontal relations (a) original situation (b) partitioning by trans-hydro-graph (c) building alignments (d) neighbourhood relation between buildings and nearest road.

Incremental Updating

To avoid a complete generalization of the whole dataset, an incremental update strategy was developed and realized (Bobzien et al. 2005). Updating, performed on the origin dataset, will be propagated automatically to the target dataset. This procedure is known as incremental updating. In an attempt to increase the efficiency of incremental updating, two alternative solutions were developed: re-generalization and construction.  Re-generalization generalizes the updated data, whereas construction updates the generalized data. Both make use of the knowledge of the previous generalization, which are stored in specific data structure. Thus, information from the initial generalization process can be reused.

4. Conclusion
This paper shows the results of the automatic derivation of DCM300 from a thinned VECTOR200, the Swiss DLM of resolution 1:200 000. The derivation is comprised of model transformation as well as various steps of cartographic generalization, such as selection, displacement and simplification. The next step in the project SysDab will be the derivation of DCM25 from TLM, the Swiss base DLM. This paper shows the requirements necessary to accomplish this task: The use of additional generalization operators, the need to partition the dataset, the use of horizontal relations and the implementation of an automated incremental update strategy.
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