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Abstract: The French National Mapping Agency (I.G.N.) aims at building a new flowline for its 1:25.000 and 1:50.000 map series. The metric precision digital landscape model (DLM) BDTOPO® is the main source of a larger DLM named “Reference DB”, enriched with data mainly provided by partners. Inconsistencies between heterogeneous data in Reference DB are removed with automated data matching tools. With suitable structures, an automatic derivation of both 1:25.000 and 1:50.000 digital cartographic models (DCM) is possible. This derivation includes automated processes of generalisation and label placement. The flowline allows an automatic propagation of updates from the DLM into the DCM. A high level of automation is performed in all the flowline due to an industrialization of research works.
1. INTRODUCTION

1.1 Definitions

In this article the standard product type definitions will be used: a digital landscape model (DLM) is an object-oriented topographic database. A digital cartographic model (DCM) is a suitable database for display and plot purposes at one scale. A DCM fits with the cartographic specifications of the map to produce: scale, content and symbolisation. By map we mean the paper map or a scaled map displayable on a computer screen. The geometric form of both DLM and DCM is vector.

1.2 I.G.N. 1:25.000 and 1:50.000 topographic map series

The French National Mapping Agency I.G.N. produces the 1:25.000 and 1:50.000 topographic map series. These series are called the “Base Map” since they offer an accurate, complete and homogeneous topographic description of the whole French territory with 1.800 sheets. The 1:25.000 serie is sold to general public and is well appreciated, as proven by marketing surveys. The 1:50.000 serie is produced for military uses and follows the STANAG cartographical specifications as fixed by the NATO agreements. Both series exist in the form of both paper maps and scanned raster maps, displayable as G.I.S. background information, or as an image through Internet (e.g. French “geoportail” web site [Geoportail 07]).

	          
[image: image18.jpg]



	                
[image: image2.png]





Figure 1: 1:25.000 and 1:50.000 map extracts

1.3 The present flowlines and their limits

The 1:25.000 series is generated with two flowlines, depending on the area:

· A “vectorial” flowline for areas covered by an old version of the metric precision DLM BDTOPO® containing all the neccessary details for generating maps. This represents 25% of the territory. This old version does not cover the whole territory: indeed, the achievement of the whole France coverage would have been way too long; therefore it has been replaced by a new version which holds less information but allows a whole coverage achieved in 2007. This change raises a problem when updating information. 

·  A “raster” flowline for the areas not covered by the old version of BDTOPO®: this flowline consists in updating old scanned maps with orthophotos. With this solution, it is not possible to generate a vectorial DCM at this scale, wich is not acceptable for future internet web services.

As for the 1:50.000 serie, it is produced independently with the same method as the raster flowline of 1:25.000. Once again, with this process, it is not possible to produce a DCM at this scale. Moreover, as the flowlines for  1:25.000 and 1:50.000 are independent, updating costs are not rationalized.

1.4 The “New Base Map” project

Considering the limits of the present flowlines, weighing up numerous research technologies have emerged and are mature enough to become industrialized, and willing the production of both 1:25.000 and 1:50.000 DCMs covering the full French territory in one database, a new project was entrusted with designing and developing a new flowline. Indeed, the full coverage of the French territory with the new version of the DLM BDTOPO® is going to be achieved in 2007. The new flowline should derive the 1:25.000 and 1:50.000 DCMs from this DLM. The new process should ensure a rapid and reliable mechanism for propagating updates stemming from the DLM into the DCMs. It must also ensure a technological compatibility with future “maps on demand” services (potentially web services). Finally, the industrial pressure is high since this flowline will be used by about hundred operators in six production units dispatched in different places in France. 

The general flowline will be first be presented (section 2). The generation of suitable DLM  will then be discussed and illustrated with some examples stemming from the realization of a first prototype (section 3). The derivation of the DCMs will then be detailed (section 4). The paper will then focus on the updating mechanism (section 5). Finally, conclusions and outlooks for future works will be provided (section 6).
2. THE GENERAL FLOWLINE AND THE SPECIFIACTIONS

2.1 The general flowline

A synthetic view of the flowline is shown on Figure 2. The first stage (section 3) consists in gathering and matching data required for derivating DCMs, to obtain a single suitable DLM from different ones. This consistent DLM is named the “Reference DB”. It is used as the input DLM for derivating both 1:25.000 and 1:50.000 DCMs with different steps detailed in section 4.
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Figure 2: General flowline

2.2 Data specifications

The specifications are the foundation for all the flowline since they define precisely the content of the “Reference DB”, the both DCMs and the representation of the map. 274 items could be put on the maps. For each item the specifications describe exactly how data are defined, how data are acquired, how data matching is performed, how toponymy is dealt on this item, how data are rendered and finally how data are updated. A well-structured form is used for each of the 274 items and allows the management of such an amount of information.

3. A SUITABLE DLM FOR DATA MAPPING: THE “REFERENCE DB”

3.1 Enrichment of the DLM with external data

The new metric precision DLM BDTOPO® contains about 70% of data needed for the topographic maps. For instance, it does not contain relief features, tourist information, some landscape data such as orchards or vineyards. BDTOPO® has been produced with stereoplotting without field operations so toponymical information is quite incomplete. Therefore, extra data are required. They are mainly:

· Data from partners which have an agreement with I.G.N.: long-distance footpaths are provided by the French Hiking Federation (F.F.R.P.); forests, orchards and vineyards will be provided by the public organism making an inventory of forests (I.F.N).

· Data automaticaly extracted from old scanned maps thanks to image processing techniques: e.g. sand areas. These processes consist in analysing the pouncing pattern of objects on the digital map to extract vectorial data.

· Relief features (contour lines, …) are extracted from an another I.G.N. database BDALTI®.

· And finally field completion will complete information for data not retrieved by another means (tourist information, place names, …).

All these heterogeneous data are not consistent with the BDTOPO®. For exemple, contour lines and hydrography are not consistent (fig. 3), long-distance footpaths from F.F.R.P. are not consistent with BDTOPO® ones (fig. 4), forest boundaries from I.F.N. do not match I.G.N. networks (fig. 5).
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	Figure 3: Exemple of inconsistencies between contour lines (bistre) and a river (blue).


Such inconsistencies must be removed. Indeed, a high coherence is needed for different tasks in the process:

· Generalisation: if a road section has to move, sections of other classes whose geometry is shared with this section have to move as well (e.g. tourist sections shared with footpaths, administrative boundaries or forest boundaries shared with roads, etc.).

· Symbolisation: it is obsioulsy unaesthetic to put discordances between features on a map (see fig. 5: inconsistencies between a forest boundary and a road).

· Updating: the automatic propagation of updates from the DLM into the DCM requires a perfect topological structure, so without inconsistencies (section 5).

3.2 Removing inconsistencies with data matching

In order to remove inconsistencies between heterogeneous data in “Reference DB”, it has been decided to use automated matching of networks proposed and implemented in the COGIT laboratory of I.G.N. by [Mustière 06] on the GeOxygene java platform [Badard and Braun 03]. This work is based on a two-steps process: firstly, one or both networks are transformed to make them closer; then, they are matched with an algorithm inspired from the approach of [Devogele 97], based on a matching of topological arcs and nodes. This process has been embedded in the project geoprocessing environment and used for the data matching of the long-distance footpaths provided by F.F.R.P with the footpaths of the BDTOPO® . Results are shown on figure 4.

	

	Figure 4: In green initial footpath provided by the partner, in grey I.G.N. BDTOPO® footpath, in red result af automated matching.


Landscape ground information is dealt with a complex process developed by the COGIT laboratory and being industrialized by the project team. Input data are areas of forests provided by I.F.N., an I.G.N. partner. The problem is these forests are only in shape of surfaces and are not consistent with networks. On a map, hedges must be represented in shape of lines, and boundaries must be consistent with network for aesthetic and technical reasons (section 3.3). The process consits of firstly detecting hedgerows with an algorithm combining computational geometry operations of dilations and erosions on forest boundaries, and measures of elongation, concavity and density, see [Touya et al. 07] for more details. Then, these hedges are transformed into a line skeleton with an implementation of the straight skeleton algorithm [Felkel and Obdrzalek 98]. Finally, such hedges and forest boundaries are matched with network as above. Exemples of results are shown on Figure 5.

As for removing inconsistencies between orography and hydrography, a study has started for examining opportuneness to use the model proposed in [Gaffuri 07] and implemented in the COGIT laboratory: field deformation on agent-based technology. The principle of this model is to consider that each point composing the geometry of an object from orography or hydrography themes is an agent. This model allows us to compute continuous transformations.




3.3 Enrichment of the DLM with calculated data

In order to improve the automated derivation of the DCMs from the DLM, we enrich the DLM with calculated data necessary for generalisation algorithms. Such data are hold in the DLM since they are shared by both DCMs (1:25.000 and 1:50.000) and do not have an exclusively cartographic use. These data are mainly a « meso » level of complex geographic phenomena used in the generalisation process to describe urban blocks. These urban blocks are generated according to the algorithms of [Boffet 00] based on buffer computations and splitting by network. Such urban structures are also useful to the labels placement algorithms since they allow a matching between a label and an area and so offer a best opportunity of placement for labels. An exemple of generated urban block is shown on Figure 6.
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Figure 6: Generated urban structures with matching of labels

After this stage we get a suitable “Reference DB”: a consistent, complete and enriched DLM adapted for the automated derivation of both 1:25.000 and 1:50.000 DCMs. 

4. DERIVATION OF 1:25.000 AND 1:50.000 DCM FROM THE DLM

The derivation of a DCM from a DLM is here defined as all the operations needed to produce the final DCM from the DLM: generating data of the DCM, i.e. symbolisation, filtering of data to match the intented content of the map, generalisation of the data, and names placement. All these operations are built on a multi-representation schema suitable for solving the cartographic problems (symbolisation, generalisation and names placement), allowing an efficient update propagation, without being too different from the initial DLM schema. 

4.1 Data schema

The two DCM for the 1:25.000 et 1:50.000 scales are independently derived from the “Reference DB” DLM according to the methodology presented in [Trévisan 04]. The data schema proposed, based on the initial DLM schema, offers the versatility to set either cartographic level free from the other: 25k objects live their own cartographic life (symbolisation and generalisation) independently from 50k objects. However, each cartographic object always knows where it comes from because of a link to a reference level, which stores the initial geographic states of all objects. Thanks to this link, automated updates propagation from the DLM into the DCM is possible. 

The schema proposed in [Trévisan 04] is based on the initial DLM schema. Each class of the « Reference DB » is link with two independant cartographic classes, one for the 1:25.000 and one for the 1:50.000. These two classes holds purely cartographic field: a “symbolisation” attribute giving the representation of the object on the map according to the chart; a “label” attribute giving the toponymic information when it exists, and some attributes related to the position of the name towards the object; if necessary, some attributes relevant for the cartography of some classes such as rotation of symbols or offset of sections.

Classes involved in the generalisation process may be “splitted” to bring up the semantic differences that have an important impact for generalisation. For instance, the “building” class of the “Reference DB” is divided into two classes in the 25K level of the DCM (and the same for the 50K level): one ordinary_building_25 class whose objects will be allowed to move during the generalisation process, and one important_building_25 class whose objects will not be allowed to move. The important_building_25 class is itself divided into one important_ponct_building_25 class which stores punctual buildings and one important_surf_building_25 class which stores surfacic buildings. This differentiation gives a direct access to the different cartographic geometries.

4.2 Symbolisation

Symbolisation is the operation of filling up the cartographic levels. Basically, this operation consists of, for each object of the Reference DB:

· Calculating the “Symbolisation” attribute. This attribute is often a combination of different attributes of the DLM. For instance, symbolisation of roads depends of their nature, classification, number of lanes.

· Choosing the DCM class depending of each scale level specifications. For instance, a church whose width is more than 50m will carry a surfacic geometry in the 1:25.000 scale and a punctual geometry in the 1:50.000 scale (Figure 7).
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Figure 7: Symbolisation of churches (from [Trévisan 04])

· Calculating attributes used by the names placement software. These attributes related to the position of the name towards the object. They depend on the size of the object and of the size of the name: the label may be written inside, around or outside the object area.

4.3 Filtering

The symbolisation stage create DCM objects for each DLM object which has a  representation. Nevertheless, a basic filtering has to be made to fit the map legibility requirement. We do not speak of generalisation yet, since at this stage algorithms are very basic and simply consist in eliminating some objects. The main filtering operation consists in removing small cul-de-sac and is especially applied on the 1:50.000 level. Figure 8 shows an exemple of the result of symbolisation and filtering process, with a visible network removal concerning the 1:50.000 scale. 

The point is that in the cartographic classes, the objects can be removed unscrupulously because they can always be created again from the reference objects.
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Figure 8: Symbolisation of the DCM 25k-50k, with network removal concerning the 50k (from [Trévisan 04])

4.4 Generalisation

Generalisation tasks are the most time consuming, especially for the 1:50.000 level (remember DLM is metric precision about 1:10.000 scaled). Generalisation stage is the most complex knot of the derivation flowline. This paper is not dealing with the generalisation process since a lot of papers have been focusing on this topic, e.g. [Duchêne and Regnauld 02], [Gaffuri and Trévisan 04], [Lecordix et al. 06]. In a few words, New Base Map project has decided to use for its first prototypes:

For building generalisation, the single automatic generalisation methodology which has proven its feasibility until now: the multi-agent technology according to the model of [Ruas 99]. Remember this model uses a “meso level” corresponding to geographic phenomena that are not modelled in the initial DLM, even though map reader perceives them. This “meso level” consists of the urban structures generated on the “Reference DB” DLM (section 3.3) and created in the DCM during the symbolisation stage. This multi-agent technology has allowed the production of the first drafts of maps. So, a 1:50.000 generalised DCM covering the area of a map has been fully automatically produced from the DLM in 5 hours of process. This automatically produced map have been compared to a manual generalisation and the result has been considered  worthy. If there are locally some difference, the general statement of lanscape in well rendered (figure 9).
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Figure 9: Building generalisation on 1:25.000 (middle) and 1:50.000 (right) scale from Reference DB (left)

For roads generalisation, the beams algorithm has been chosen [Bader 01]. This model consists in arguing from analogy with mechanism energy minimization methods for improving legibility of network features. This technolgy had been implemented during the “Carto 2001” project for 1:100.000 map series [Jahard et al. 03] and is now being implemented for base maps flowline. This work is still in progress but intermediate results are cheering.

4.5 Automatic label placement

The problem of an efficient automatic label placement solution has been solved during the “Carto2001” project. A software internally implemented is now used at the I.G.N, embedding the results of [Lecordix et al. 94] and [Barrault 98]. Labels take into account the position of neighbouring labels and other objetcts on the map to be placed accurately. The better labels are linked to objects, the better the automatic placement works, therefore computation of urban structures (section 3.3) is crucial, since the most important part of label are places names and can be linked to such structures. About 90% of labels are placed accurately on a 1:25.000 maps in 5 hours of processing (figure 12) with a cartographic final quality.

5. PROPAGATING UPDATES

The purpose of the flowline is to allow an easy propagation of updates stemming from the sources DLMs into the DCMs. 

5.1 Related work

A mechanism for integrating and propagating updates between geographic databases has been proposed in [Badard and Lemarié 99] and firstly developed at the COGIT Laboratory of I.G.N. Results of these experiments have been embedded in the “Carto2001” project at the I.G.N. for 1:100.000 scaled maps. For this scale, the automated process allows a very significant saving of time for updating tasks: 60 hours instead of 300 hours with a visual comparison between two data sets [Lecordix and Lemarié 07]. These solutions in both research and production are efficient but are nor generic neither portable: solutions focus on the update of specific products and are dependend on GIS software. Based on these works, models and functionnalities for a generic and portable solution have been proposed in [Braun 04]. 

5.2 Differential data

Differential data are provided on BDTOPO®, the main source of the “Reference DB”. It  reflects the real changes on the field, gathered by topographers and logged in the database. Each object holds updating information, e.g. the object is created, deleted, altered. In case of a modification, which attribute is altered, old and new values are indicated. In case of a geometric modification, a link to the old geometry is provided. 

As for other sources of “Reference DB” such as data provided by partners, the shape and the content of differential data have not yet been defined.

5.3 Propagating updates

The first stage is to propagate updates from BDTOPO® to “Reference DB”. This is performed thanks to the link between identifiers as explained in section 4.1. Firstly, a filtering is done, avoiding updates of BDTOPO® that are not relevant to “Reference DB”. Then, the process consists in reflecting in the “Reference DB” the creation, deletion and modification from BDTOPO®. Since both BDTOPO® and “Reference DB” are DLM with an equal precision, this operation is not complicated.

More crucial is the second step: propagating updates from the DLM into the DCMs. Indeed, effects of generalisation have to be considered: this is the subject of an ongoing work. The purpose is to avoid to perform the full generalisation again: only the updated objet and its neighbours should be generalised again. Two tracks are at present run: 

· Updates of buildings: the solution should be to trigger the generalisation of urban blocks in which updated buildings lie.

· Updates of roads: The solution should be to perform a morphing operation to reproduce the generalisation process.

6. CONCLUSION AND OUTLOOKS

The I.G.N. “New Base Map” project defines a highly automated flowline for derivating 1:25.000 and 1:50.000 DCMs from a topographic DLM. Data from metric precision DLM BDTOPO® and from other sources are gathered in a “Reference DB” in which inconsistencies between heterogeneous data are removed. This “Reference DB” is enriched with suitable structures relevant for an automatic derivation of both DCMs. This derivation includes steps of symbolisation, filtering, generalisation and label placement. The flowline allows an automatic propagation of updates from the DLM into the DCMs, which is the subject of an ongoing work.

All these processes are the result of a work of industrialization of mature researches, mainly from the COGIT laboratory of I.G.N. This industrialization consists in embedding results of prototypes into a robust and user-friendly environment, capable of dealing with a large volume of data. 

The final DCMs are stored in a vector O.G.C. compliant form, with the open-source D.B.M.S. PostgreSQL and the spatial cartdrige PostGIS [PostGIS 07]). The full French coverage of these 1:25.000 and 1:50.000 DCMs should be achieved in the next decade. Such DCMs allow not only the generation of paper map, but also the definition of future cartographic web services: a user will have the technological possibility to choose not only the scale and the area he wishes, but also the content and the chart of its cartographic data. With such opportuneness, works on the definition of automatic charts now studied in COGIT laboratory [Chesneau 06] are fully relevant.
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Figure 5: Process on forest. Hedgerow are detected (left), boudaries are matched with network (bottom).
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