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Abstract: Routing applications such as cross-region fleet management and emergency coordination are urging the research world to construct medium-scale routing-capable digital databases. This paper addresses the issue of deriving a medium-scale navigation network from a large-scale road database. While the currently available approaches have been mainly focused on the simplification of road junctions and the selection of semantically or visually important roads, the new approach puts its emphasis on the preservation of “overall network structure” and the “relative density of road segments”. A key technique involved in this new approach is termed as polarization transformation (PT). By means of PT, a two-dimensional network can be converted into a one-dimensional spectrum line without information loss, thus allows a more straightforward cluster analysis to be conducted in a simpler space, i.e. the spectrum line. The generalization of road network is reduced as the selection or elimination of points along the spectrum line. 
1. Introduction

Recent years, the growing demand on intelligent transportation systems (ITS) that provide relevant routing services has been urging the research world to construct so-called routing-capable digital databases. Although there exist already a dozen of commercially available car navigation databases and an even larger number of navigation databases intended to help tourists walk through densely populated downtown areas, these fine detailed databases are not immediately usable for routing applications in medium-scale ranges such as large-region fleet management and emergency coordination. 
Bearing these concerns in mind, the authors attempt to develop an efficient algorithm for network generalization with the purpose to derive road databases in medium scale range from a large-scale database.
As a matter of fact, road network generalization is not a new topic. A lot of computer generalization algorithms or systems exist already. For example, the GALBE algorithm (Mustière 1998) tries to translate expert knowledge in terms of generalization rules and measures into an automatic process; AGENT-road (Duchêne, 2001) developed in the EU-project AGENT (ESPRIT/LTR/24939, cf. Lamy et al 1999) uses multi-agent principles and a constraint-based approach to represent user needs as proposed in (Ruas 1999), it reformulates GALBE rules in a constraint formalism and intends to develop a more flexible engine guiding the algorithms combination; CartoLEARN-road (Mustière 2001) explores the potential of machine learning techniques to acquire knowledge necessary to guide the individual steps of a generalization process; Field, Hayers and Hess (1993) propose to generalize the road network on the basis of perceptual grouping principles such as good continuation and ‘stroke’; Similarly, Chaudhry & Mackaness (2005) apply the visual perception ability of minimizing certain attributes for the generalization of both ‘rural’ and ‘urban’ roads. 
In spite of many available generalization algorithms, a lot of problems still remain in network generalization. Current generalization approaches mainly focus on either metrical or topological properties; they are sometimes able to pay attention to good continuation, but tend to ignore the hierarchical properties. The majority of available research work depends excessively on semantic attributes and knowledge of road networks which are rather complicated to handle. 
A main challenge in automated generalization of road networks is to derive a connected network while maintaining the structure for the intended target scale and to achieve this with minimum user intervention (Chaudhry & Mackaness, 2005). The most important requirements concerned with global characteristic structure, local characteristic structure and relative network density have been seldom addressed. 
2. Strategy 

The new approach in this paper puts its emphasis on both the preservation of overall network structure and the relative density of road segments. In addition, the approach works under the assumption that semantic attributes describing the road segments are not or only partly available, which is often the case in the practice. 
A key technique involved in this new approach is termed as polarization transformation (PT). By means of PT a two-dimensional network can be converted into a one-dimensional spectrum line without information loss, thus allows a more straightforward cluster analysis and simplification to be conducted in a simpler space, i.e. the spectrum line. 
3. Theory of PT

3.1 Determination of the origin of the polar coordinate system

Fig.1 shows a prototypical cluster of point symbols at 1:250000 scale. Computationally, it is always possible to find a location that lies within the cluster boundary and has the maximum average length to its neighboring points. This location is termed as the polarization center Pc , i.e. the origin of the polar coordinate system. If more than one polarization center is found, the most centered one will be assigned as Pc.
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The points in the cluster can be expressed as a set:
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 (n is the total number of points in the cluster). 
Assume that Pc has mc neighboring points which are a subset of P, it satisfies the following equation:
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is the set of candidate polar centers.
3.2 Conversion of point symbols in the cluster into polar coordinates

After Pc has been uniquely determined, the distance of each point symbol 
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 to Pc as well as its relative orientation can be easily calculated as 
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 are polar coordinates of 
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(Fig.2).
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3.3 Unfolding the polarized point symbols

The polarized point set 
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 is finally unfolded by the relative polar angle ranging from 0° to 360°. By plotting the sequence on an XY-plane, i.e. polarization space, a spectrum line is formed. Thus, the polarization process is completed. As illustrated in Fig.3, the nodes along the spectrum line correspond to the scattered points in Fig.1. 
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3.4 Segmentation of the spectrum line in polarization space

By predefining some thresholds of polar angles, the spectrum line can be partitioned into n segments. The angle threshold is empirically set as 
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, for any segment, its nodes satisfy 
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. Fig.4 displays the segmentation result of the spectrum line in Fig.3. 
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4. Road network generalization based on PT

If the line segments of a road network are replaced by their center points, a two dimensional point cluster is formed. After polar transformation, each point from the original cluster has become a node on the spectrum line 
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 delimited between 0º and 360º along the horizontal axis, and between the minimum and maximum polar radius along the vertical axis. Finally, the nodes along the spectrum line undergo a simplification procedure, by which only the characteristic nodes are preserved. A simplified network is thus created by converting the selected nodes back to the 2D space.
4.1 Preserve global structure of road networks
Along each segment as shown in Fig.4, the following types of globally characteristic nodes should be preserved (Fig.5):
· The node with the maximum polar radius - it corresponds to a point object lying on the cluster boundary in the real world.

· The node with the minimum polar radius - it corresponds to a point object lying on the boundary of a local structure delimited by the segment.

· The first and the last node of the segment - they flank the boundary of the local structure delimited by the segment.

· The inflection nodes that satisfy the condition
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, i.e. local maximum or minimum - they reflect some local structural characteristics.
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4.2 Preserve local structure and relative density of road networks

If a node of spectrum line can be deleted, the node is called “Can be Deleted Point (CDP)”, otherwise it is called “Can not be Deleted Point (CNDP)”. For example, the globally characteristic points are CNDP.

For point
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, if it is the start or end node of a segment of spectrum line, it must be preserved, otherwise it has two neighbor points of 
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 (Fig.6). We have:
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(1) Drawing a circle with 
[image: image19.wmf]i

P

 as its center and 
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as radii, comparing the distance of |
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(2) If 
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 is CDP, delete 
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(3) If 
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 is CDP, delete 
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 as CNDP which will be retained for the reason of preserving relative density of point cluster, then let 
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(4) If 
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Fig.7 is an example of simplifying a segment of spectrum line (angle within range of [
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]) in polarization coordinates.
5. An example
The feasibility of PT approach has been tested on a large area of road network data (data of Basis DLM, Germany) (Fig.8). At first, the globally characteristic features of road network are identified. Secondly, the individual road segments are replaced by their center points (Fig.9) which are then transformed into a spectrum line (Fig.10). And all center points of characteristic features are coated with color so that their distribution can be more clearly perceived (Fig.11). Fig.12 illustrates the simplified point cluster. The restored road network after generalization is shown in Fig.13.
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Theoretically, this PT-approach can be extended to involve any kind of semantic constraints and polygon data, which will be our future task.
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  Fig.1 A prototypical point cluster at 1:250 000 





Distance r





Angle � EMBED Equation.3  ���





Fig.2 Polar coordinates of the cluster from Fig.1
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Fig.3 Spectrum line � EMBED Equation.3  ���in the polarization space. 
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Fig.4 Segmented spectrum line
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(a) The characteristic points detected at � EMBED Equation.3  ���         (b) Their corresponding map symbols in red
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Fig.5 Characteristic points in the original cluster in Fig.1 that are detected at angle threshold � EMBED Equation.3  ���





Fig.6 Positions of nodes with circle radii
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Fig.7 Process of deleting nodes of spectrum line while preserving the local structure





(a) A segment of spectrum line





(b) Characteristic points to be retained





(c) Simplified result
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Fig.11 The characteristic points that must be preserved





Fig.12 547 points are preserved by PT by parameters of � EMBED Equation.3  ���





Fig.10 Spectrum line � EMBED Equation.3  ���in the polarization space with segmentation





Fig.9 All center points of segments





Fig.13 Final generalization result





Fig.8 Part of Basis DLM data with 735 segments
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