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INTRODUCTION
In 2001 Ordnance Survey created the OS MasterMap® Topography Layer. This vector product forms a complete coverage of Great Britain at a high level of detail; being surveyed at 1:1250 scale in urban areas, 1:2500 scale in rural areas and 1:10 000 scale in mountain and moorland areas. OS MasterMap is supplied from the National Topographic Database (NTD), a seamless national large scale database that is constantly updated with the latest changes (Ordnance Survey 2007a). Research at Ordnance Survey are developing tools that ultimately will allow current and future products to be derived from this database with minimal manual intervention. 
A year-long research project ran between 2006 and 2007 investigating generic tools for generalising to 1:10 000 scale. The current Ordnance Survey product at this scale (Ordnance Survey 2007b) is derived semi-automatically from the NTD, with a significant amount of manual finishing and correction by cartographers. Research began by interviewing cartographers to determine the main problems requiring manual editing, along with suggestions for improving the current specification. From this analysis a number of research topics were identified, of which one was the generalisation and representation of landcover data. 
The landcover research was divided into four main work packages, which are described in this paper. The Reclassification Tools section summarises a generic method for reclassifying Ordnance Survey landcover polygon data. The Custom Landform section describes how unique data from the current production system was integrated automatically with landcover data. The Landcover Polygon Generalisation section explains the geometry transformations which were applied to the data. The Landcover Symbol Placement section details a flexible method for symbolising the final landcover polygons. 
RECLASSIFICATION TOOLS

Source and Target Data Models
Ordnance Survey has a very detailed source landcover data classification, which distinguishes between 40 different landcover types. The data model permits combinations of these landcover types, for example “Boulders + Sand + Shingle”. Certain nonsensical combinations are not permitted, such as “Boulders + Orchard”. The total number of valid source landcover combinations is 470. In some rare cases a combination can involve up to six individual landcover types. There is a feature code for each landcover combination and this code is stored as an attribute on polygon data.
For the current Ordnance Survey 1:10 000 scale product there are 19 landcover types. These are listed in Table 1. Some NTD (source) landcover types are simply not shown, or can be combined together in a composite landcover type. In some rare cases a single source type can correspond to two target types, for example “Sand Dunes” translates to “Rough Grassland + Sand” in the target. Landcover combinations are permitted in the target specification, but with the restriction that a combination can contain no more than three landcover types. The total number of valid landcover combinations in the target specification is 93.
	Group
	Landcover Type

	Wooded Vegetation
	Coniferous Trees

Scattered Coniferous Trees

Non Coniferous Trees 

Scattered Non Coniferous Trees

Scrub (i.e. bushes)

Orchard

Coppice or Osiers (types of traditionally managed woodland)

	Surface Vegetation
	Heath

Rough Grassland

Marsh, Reeds or Saltmarsh

	Rock
	Boulders

Scattered Boulders

Rock 

Scattered Rock

Scree (a mass of loose stones on the steep side of a mountain - 
slopes of angular rock debris)

	Coastal
	Mud

Sand

Shingle

	Water
	Inland, Tidal and Permanent Tidal Water


Table 1. Target landcover types.
Landcover Reclassification Wizard
From the above analysis, it is clear that both the landcover types and landcover combinations need to be reduced, to allow a translation from the source to the target. In the current production system, polygons that contain combinations that do not conform to the target specification are highlighted for manual re-classification by the cartographers. 

A simple improvement would be to consider the 470 source combinations individually, and for each one manually select one of the 93 target combinations. This translation table could then be hard-coded as a parameter to reclassification software. However, this approach is very inflexible and would make changes to the source or target specifications difficult to implement. In addition, every time a new product was required, a new translation table would need to be set up manually.
Instead, the research developed a “landcover reclassification wizard” which allows a source and target landcover specification to be connected with minimal manual effort. In addition the tool can be used for defining the specifications of new products containing landcover information. The interface allows reclassification rules to be developed, which are saved to an XML specification file for future editing. From this information an XML translation table file is derived, which goes on to be used in the reclassification process. Further information on the wizard interface can be found in (Revell 2007).
CUSTOM LANDFORM
Current Production Data

Custom landform comprises rock detail originally scanned from paper plots, boulders originally scanned from paper plots, hand-drawn scree and slope triangles (hachuring). An example is shown on the left hand side of Figure 1.  It  is an important part of the 1:10 000 scale specification. Custom landform is plotted as small black polygons and allows cartographers a high degree of artistic freedom. 
When the custom landform was originally converted to vector, there was not time to remove some hand-drawn boulders. Ideally boulders would be represented by a standard polygon fill pattern, but currently the scanned boulders can clash with such a fill. Therefore in such places the cartographers must either manually erase the scanned boulders (very time consuming) or reclassify the landcover polygons to avoid the automatic fill. Scree is drawn in the direction of slope, with large boulders at the bottom and small stones at the top. There is currently no automatic method available for creating such a representation. Slopes are represented by hachuring, which permits slopes to have variable size triangles.
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Figure 1. Original custom landform (left) and filtered to include only rock (right). 
Ordnance Survey © Crown Copyright. All rights reserved.
Conflation

Of the information held in custom landform, only the rock detail is required. Boulders can be created as symbol fill from landcover polygons. Slopes could be regenerated using a hachuring algorithm (Regnauld et. al. 2002). Scree could be automatically symbolised once the direction of slope is known (this would need to be calculated from a Digital Terrain Model). 
A tool was developed for separating out the rock from the rest of the Custom Landform. The features which are not rock are filtered out using criteria based on: number of vertices, number of holes, polygon area, polygon perimeter, ratio of perimeter to area (compactness), length of longest/shortest axis of the smallest minimum bounding rectangle and ratio of longest to shortest axis. The filter does unintentionally remove some small pieces of rock, but overall the result does look very clean, as on the right side of Figure 1.
In order to conflate the rock with the large scale data, a measure was required to determine if a landcover polygon contains custom rock. For each polygon a query is performed to select all the custom rock inside it. The custom rock is then trimmed so that just the portions totally inside the polygon remain. The area of the custom rock totally inside the polygon is calculated. If this is greater than a certain threshold, then the landcover polygon is considered to contain custom rock. The landcover reclassification process will then automatically remove rock and scattered rock attribution for polygons that contain custom rock. This ensures that there will be no clash between rock fill symbols and custom rock.
LANDCOVER POLYGON GENERALISATION

Once the custom rock has been conflated with the large scale landcover polygon data, a reclassification process applies the XML translation table file. This process sets a new attribute on the polygons, which holds the target landcover combination feature code. Following reclassification, adjacent polygons may have the same feature code; therefore the next step is to merge such polygons. A generic tool was developed for dissolving together adjacent polygons which have one (or possibly more) identical attributes.

In the large scale data all polygons are totally surrounded by line features. For example these can represent fences/walls/hedges, streams, edges of roads/tracks/paths or simply a change of vegetation type. The dissolving algorithm was developed to prevent polygons merging across specified line classes, such as streams.
A generic algorithm was also developed to remove holes in polygons below a specified minimum size. Topological consistency can be maintained by deleting any polygon and line features inside the holes. Another algorithm identifies polygons below a minimum size, which can either be merged with the neighbour with the largest area or the neighbour with the largest shared boundary. A list of polygon classes not to merge into can be specified. For landcover generalisation, this comprises manmade classes such as buildings and roads. Line features which have been merged across can be optionally deleted.

The last generalisation process is to simplify the landcover polygon boundaries whilst maintaining the topological consistency of shared boundaries. A generic tool was developed which applies the Douglas-Peucker (1973) algorithm to polygon boundaries and the line features which share them. A list of line classes not to simplify can be specified. Details of all the algorithms used in this section can be found in (Revell 2007).
LANDCOVER SYMBOL PLACEMENT
Landcover Symbols

In the current 1:10 000 scale production system, a finishing process applies different vegetation and rock symbol “wallpaper” patterns for each of the 93 landcover combinations. Thus the specification is very difficult to change. The patterns do not look cartographically pleasing when the symbols are broken by the perimeters of the polygons. Small polygons can end up with no symbols at all, leading to ambiguity. The possibility of improving the landcover depiction was investigated by extending and adapting vegetation symbol placement algorithms developed for 1:50 000 scale (Harrie and Revell 2007).

[image: image3]
Figure 2. 1:10 000 Scale landcover symbols.
The first step was to create vectors describing the landcover symbols used in the current 1:10 000 scale product. These were stored in a Scalable Vector Graphics (SVG) file. These symbols can be seen in Figure 2. A class for point features was defined, where each point represents a placed landcover symbol. Each point has attributes which describe the landcover symbol to apply, the colour for the symbol and the scale factor for the symbol.
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Figure 3. Landcover symbol type setup

Landcover Symbol Type Setup

Each landcover type (defined in the XML specification file) is then associated with zero or more symbols, along with a symbol scale factor controlling the symbol size, a symbol colour and a background fill colour. For example, coniferous trees are represented by black tree symbols on a pale green background. The user interface for this is shown in Figure 3. The information entered into the interface is saved in an XML symbol type setup file, which can be reloaded and edited in the same interface.
Placement Patterns
The next step is to define the patterns for placing the symbols inside the polygons. From the work of (Harrie and Revell 2007), there is a diagonal grid and a semi-random placement algorithm. Both of these are designed to avoid broken symbols around the polygon boundaries and ensure small polygons have at least one symbol. The semi-random placement can handle up to four different types of symbol in a single polygon. Parameters can be stored in an XML symbol placement pattern file. This file controls the symbol density, and in the semi-random case, the amount of deviation from a diagonal grid. User interfaces for configuring these parameters can be seen in Figure 4.
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Figure 4. Configuring placement patterns for regular grid (left) and semi-random (right)
Landcover Symbol Combinations Setup

Each landcover combination (defined in the XML specification file) is then associated with an XML symbol placement pattern file. The same placement pattern is frequently reused for many of the combinations. The user interface for this is shown in Figure 5. The information entered into the interface is saved in an XML symbol combination setup file, which can be reloaded and edited in the same interface. 
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Figure 5. Landcover symbol combination setup.
Running The Symbol Placement

The symbol placement process takes a polygon feature class to process, along with XML symbol type and combination setup files. An initialisation step considers each landcover combination in turn and deduces which symbols to use for that particular combination. A polygon fill colour is also deduced. A dictionary is constructed of feature code against placement parameters along with the symbols to be used during the processing.
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Figure 6. Symbol placement results in a wooded and coastal area.
Ordnance Survey © Crown Copyright. All rights reserved.
The polygons are processed one at a time. A spatial query is performed for custom rock and this is erased from the placement polygon so that no symbols are placed on top of rock (this could easily be extended to avoid text, roads and other cartographic entities). The placement is run and the placed symbols are stored as point objects.
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Figure 7. Symbol placement results in a wooded and moorland area.
Ordnance Survey © Crown Copyright. All rights reserved.
RESULTS AND EVALUATION
The finished results are shown in Figure 6 and Figure 7. The prominent black graphics are custom rock. Note that the symbol placement algorithms always force the placement of at least one symbol per polygon, even when it causes the symbol to protrude beyond the polygon boundary. In places this looks a little strange and it would be better to have the option of placing a smaller alternative symbol or no symbol at all.
The results were demonstrated to the cartographers working on 1:10 000 scale production and they were very impressed with the high cartographic quality achieved totally automatically. The various user interfaces were also demonstrated, including the landcover reclassification wizard. The cartographers are currently reviewing the reclassification rules developed in this interface.  

The cartographers’ main reservation was that the research had not addressed the depiction of scree. They stressed that the scree representation held in custom landform is important, and further research is required to either separate it out or generate it automatically from large scale data. Areas of scree are captured in the large scale data, so it is possible that these scree polygons could be used to extract the scree symbols from the custom landform. 
CONCLUSIONS
A set of tools for generalising and symbolising landcover data has been presented. The tools were developed in the context of a 1:10 000 scale generalisation project, but were designed to be as flexible and generic as possible. The landcover reclassification wizard could be used for reclassifying any landcover data, but would be most useful for specifications which permit combinations of landcover types. 

The polygon generalisation tools are also generic being applicable to any dataset representing a polygonal subdivision of the plane. They are especially useful for maintaining consistency when the polygons are bounded by line features. The results of the generalisation are symbolised using a set of flexible automatic symbol placement tools, which could easily be adapted to work with other landcover data or target specifications.

The work carried out by this project has demonstrated that it is possible to develop reusable tools, while working within the constraints of specific requirements. Development does take slightly longer, but benefits are reaped by subsequent projects. Research at Ordnance Survey is now moving towards long term development of a generalisation system which can create products defined by arbitrary specifications. 
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