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<UserLayer>
<Name>Polygon_layer</Name>
<UserStyle>
<Name>Blue_stroke</Name>
<FeatureTypeStyle>
<Rule>
<PolygonSymbolizer>
<Stroke>
<CssParameter name="stroke">#0000ff</CssParameter>
</Stroke>
</PolygonSymbolizer>
</Rule>
</FeatureTypeStyle>
</UserStyle>
</UserLayer>
</StyledLayerDescriptor>
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Summary

Current symbolization models for web maps such as SLD (OGC 2002) or CartoML (Baer 2003) lack the capability to describe visualizations of multiple data values like pie or bar charts. The Diagram Markup Language (DiaML) covers this broad field of the thematic web cartography. With DiaML, arbitrary visualizations like proportional symbols, repeated symbols and charts (e.g. pie charts, bar charts, wing charts, dot scatter charts) are at the user's disposal. Each map symbol description contains primitive definitions and their arrangement properties as well as style descriptions. With the separation of style and primitive descriptions, a typical DiaML description is much shorter than a SLD description. Furthermore, no scripting or programming is necessary to define the symbol's appearance. Therefore, DiaML is an important component towards a complete cartographic description language.

1  Introduction

With currently available mapping and GIS software, it is still hard to efficiently and easily create diagrams for internet maps. In nearly all programs, complex symbolization such as bar or pie charts is just hardcoded in symbol libraries or by scripting languages. A typical program offers only a chart typology of predefined symbol types with limited possibilities to change the appearance of a symbol. At present, there is a lack of support for specialized symbol types in the current GIS and mapping programs (Schnabel 2005). In the worst case, this may result in the problem that the map's statement is misinterpreted by the users. Therefore, a more flexible approach for the description of map symbols is needed. XML-based description languages promise to fit that need.

2  Current XML-based symbolization approaches

2.1 Styled Layer Descriptor (SLD)

One of the more flexible approaches is Styled Layer Descriptor (SLD), a well-known Open Geospatial Consortium (OGC) standard for the portrayal of geographic information. It is an XML-based (Extensible Markup Language) description language for extending Web services such as Web Map Services (WMS), Web Feature Services (WFS) and Web Coverage Services (WCS) with user-defined symbolization. SLD is interpreted and visualized by the Web service. The main advantages of SLD are the readability for users as well as for computers and the structuring of the style attributes. Figure 1 shows an example of such a structured description.

[image: image3.png]<symbolization>
<strokeattribute>
<linewidth>0.5 mm</linewidth>
<color>#ff000000</color>
</strokeattribute>
<datacube name="pie_sec">

<var>
<dimension name="TIME" value="1999a00">
<cell name="SECTORS" value="a_b"/>
<cell name="SECTORS" value="c_to_f"/>
<cell name="SECTORS" value="g_to_p"/>
</dimension>
</var>

<pointsymbol>
<minsize>8</minsize>
<maxsize>80</maxsize>
<maxvalue>5233</maxvalue>
<script>
<scalefunction name="set_symbol_scale"/>
<renderfunction name="draw_pie_chart"/>
<colorfunction name="set_color_table">
<colortable>#ff8DCC4D #7fFF0000 #7f7D26CD</colortable>
</colorfunction>
</script>
</pointsymbol>
</datacube>
</symbolization>



Fig. 1: Example of a SLD description

Since OGC Web services are based on layers, each layer can be symbolized with a user-defined style such as a fill color or a stroke attribute. But this feature automatically leads to a severe disadvantage. In SLD, the styles are designed for layers (e.g. hydrology) and not for single objects (like a specific lake). If cartographic objects of one class (e.g. buildings or roads) but different attributes (like regular versus public buildings or highway versus side roads) are merged together in one layer, they cannot be symbolized individually. This is often the case with geographic data from federal agencies.

Although basic styling is achieved in SLD without programming knowledge (Figure 1), more advanced styling implies an exponentially increasing effort in coding. For example, the adaptation of map geometries depending on the map scale (e.g. changing the stroke width of a river when zooming) is only possible with a large amount of SLD code. This results in slower response times, which might not be accepted by the map service users.  Proportional maps symbols such as proportional circles or squares can be drawn with a verbose description. With a high coding effort and a very long SLD description, it is even possible to visualize groups of selected objects of a layer depending on their attributes (OGC 2002).

However, it is not possible to visualize multiple data values as pie charts, bar charts, or other advanced diagram types. Only lines, polygons, points, texts, and raster images are integrated in the description language, which is the main reason why WMS is often used for presenting topographic maps and not for thematic representations. Since the SLD language is easily extensible and flexible through its XML structure, an extension regarding the portrayal of multiple data values would be possible. But the disadvantage of this approach is a verbose and semantically wrong description, especially for visualizations of multiple data values like pie charts. As a conclusion, current SLD specifications offer limited capabilities and require a lot of effort in order to describe advanced cartographic symbolizations.

2.2 Cartographic Markup Language (CartoML)

The Cartographic Markup Language (CartoML), developed at the Institute of Cartography of the ETH Zurich, is a second and more advanced description language for the symbolization of geographic information. In CartoML, various map information is packed in an easy readable and well-structured XML document. CartoML is interpreted and visualized by iMap, a cartographic visualization environment developed at the Institute of Cartography of ETH Zurich. Besides the rendering of the map layers, iMap works as atlas manager and handles the tree structure of CartoML. According to this tree structure, an atlas consists of different maps. Each map has different layers, and each layer is based on points, lines or areas (Figure 2). CartoML allows to define common style attributes for these point symbols, lines and areas like line width or color for each layer (Figure 3). Obviously, besides the atlas functionality, the description of a simple line or point feature can also be achieved by SLD, but CartoML was designed to go beyond simple feature drawing. Some of the advanced cartographic features include user-defined transparencies, anti-aliasing, bezier curves and texture mapping. Additionally, with increasing functionality, the description is much shorter than a corresponding SLD description. Even more, one can define projection systems and coordinates, group similar maps (based on either geographic area or thematic content), manage layers or add geometrical transformations or thematic classifications (Baer 2003).
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Fig. 2: Basic structure of CartoML

But there are also major disadvantages regarding the visualization of multiple data values. Like SLD, CartoML can per default only define proportional symbols. To compensate the lack of advanced description functionalities in CartoML, a JavaScript engine for the programming of diagrams like pie charts or age-sex-pyramids were integrated in iMap. As a result, the user has to wade through scripting algorithms to define his own map symbol.
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Fig. 3: CartoML description of a pie chart described by JavaScript functions

3  The new symbolization model DiaML

To dissolve the problem of missing support of multiple data values, a XML-based cartographic description language "Diagram Markup Language" (DiaML) was developed to describe the symbolization of statistical data. With the XML-based approach, DiaML is flexible and extensible. In contrast to the two current approaches, no scripting or programming is necessary to define the symbol appearance. Even more, the portrayal of multiple data values can be easily modeled with DiaML. With DiaML, arbitrary visualizations like proportional symbols, repeated symbols and charts (e.g. pie charts, bar charts, wing charts, dot scatter charts) are at the user's disposal.

3.1 Theory

DiaML is based on the new construction theory for map symbols, described by Schnabel (2007). For this theory, 49 point-based map symbols from cartographic literature were examined concerning their properties, e.g. their appearance and their construction properties. Additionally, construction approaches for map symbols from Bertin (1974) and Wilkinson (1999) were merged and improved in the new theory. As a result, three hypotheses were confirmed and supported the new construction theory for two-dimensional geometric point-based map symbols:

· The analyzed map symbols consist of cartographic primitives.

· The cartographic primitives can be arranged with few arrangement principles.

· The size of the cartographic primitives changes depending on the data values. This change follows a certain direction.

DiaML formalizes the new construction theory in a construction model. While current unflexible mapping software is limited to few of the large number of symbols, DiaML uses the new and innovative construction model to integrate as many symbols and diagram types as possible in the cartographic description. With DiaML, the map symbol is described once for the whole map. During the application of the description, the definition is read and applied for the different data values at each position in the map.

3.2 Cartographic primitives and their properties

All two-dimensional point-based symbols in DiaML are divided in simple symbols visualizing only one data value and diagrams visualizing multiple data values. Each symbol consists of cartographic primitives. Schnabel (2007) distinguishes between ten different cartographic primitives in DiaML (Figure 4):

· point (attributes: position, radius)

· polyline (attributes: position, points)

· curve (attributes: position, points)

· ellipse (attributes: position, radius in x-, radius in y-direction)

· circle (attributes: position, radius)

· pie sector (attributes: position, radius, start angle, angle)

· ring (attributes: position, radius, inner radius)

· ring sector (attributes: position, radius, inner radius / fixed width, start angle, angle)

· rectangle / bar (attributes: position, width, height, edge radius x, edge radius y)

· regular polygon (attributes: position, radius, inner radius, number of edges)

These primitives have construction and style properties. Construction properties are attributes like a radius or an angle, defining the shape and size of the symbol (they are listed above). In DiaML, these primitive properties are defined in a separate section.
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Fig. 4: Cartographic primitives in DiaML

Each primitive has also style attributes like fill and stroke color or transparency. The attribute selection and names were inspired by Cascading Style Sheets (CSS) and Scalable Vector Graphics (SVG), both standards of the World Wide Web Consortium (W3C). In DiaML, these properties are stored as separate style definitions.

3.3 Scaling of the cartographic primitives

Since each primitive can be scaled in one or two directions depending on the data values, a new attribute „proportional“ is added to the primitive definition. It can have the values „length“ (for one-dimensional scaling), „area“ (for two-dimensional scaling), „volume“  (for three-dimensional scaling) (for proportional symbols and diagrams) or „number“ (for repeated symbols). A further proportionality option with floating numbers was not integrated, since the occuring extreme values (e.g. too small symbols) can be zoomed in digital maps. However, this attribute „proportional“ is only taken into account for the calculation of the area of the cartographic primitive.

A more precise definition of the scaling of the primitive's property is possible with the attribute „scale“, attached to each construction property of the primitive definition (e.g. a radius). If the value of the „scale“ attribute is „fixed“, a given value is applied to the appropriate property. The option „dataValue“ ignores the given value, the construction property will be changed according to the data value. A further option „partSum“ is used for diagrams like the divided wing chart (Figure 5), where the sum of the data values of each group is calculated. The fourth possible option „incremental“ is used for circuated bars, where each radius of a ring sector is greater than the previous one, and the difference is fix for each step (Figure 5). As a fifth option, the value „totalSum“ can be applied. Here, the total sum of all values of a diagram can be used, for example to scale all sectors of a pie chart. Not in all cases the scaling of map symbols is so easy. Especially for rectangle, ellipse charts and dot scatter charts, two properties, e.g. width and height, are scaled according to the data value (Figure 6). In this case, the ratio of the given values for each property of the primitive description is used to scale the map symbol.

[image: image7.png]group 1

stacked

/ \

angle
group 4 group 2
distance
from
center

group 3



Fig. 5: Application of the scaling attributes for a wing chart and circuated bars

[image: image8.png]<symbol>
<!-- STYLE DEFINITIONS (s1 applied, s2 not applied) -->
<style id="s1">
<fill>red</fill>
<stroke>grey</stroke>
</style>
<style id="s2">
<fill>orange</fill>
<stroke>grey</stroke>
</style>
<!-- PRIMITIVE DEFINITIONS -->
<primitive id="p1">
<sector proportional="area">
<r scale="totalSum">1</r>
<angle scale="dataValue">1</angle>
</sector>
</primitive>
<!-- SYMBOL DESCRIPTION -->
<diagram minSize="5" areaRatio="10.0">
<diagramArrangement><polar/></diagramArrangement>
<diagramRelation>
<dataRef>pop96</dataRef>
<dataRef>pop97</dataRef>
<dataRef>pop98</dataRef>
<primitiveRef>p1</primitiveRef>
<styleRef>s1</styleRef>
</diagramRelation>
<guides/>
<labelData>yes</labelData>
</diagram>
</symbol>



Fig. 6: Scaling of a map symbol with two scalable properties

3.4 Arrangement principles

The scaled cartographic primitives can be ordered following six arrangement principles. Simple symbols use the arrangement principles "centered" (for proportional symbols) and "grid" (for repeated symbols). The cartographic primitives for diagrams are using the arrangement principles "polar" (e.g. for pie and wing charts), "linear" (e.g. for bar charts), "perpendicular" (e.g. for scatter charts), or "triangular" (for triangular charts). Each of the arrangement principles has its own properties. For „grid“-based map symbols, one has to define the number of primitives per row („unitsPerRow“), the distance between the primitives („unitDistance“) and the portrayed data value per unit („unitValue“, e.g. 2000 inhabitants per primitive). The linear arrangement principle has the properties number of groups („groups“ with the attribute „distance“ between the groups), the number of primitives per part („parts“ with the attribute „arrangement“ for stacked primitives or primitives arranged in a row) and the distance between the diagram parts („distance“ with the attribute „from“ for distances from a defined startpoint or from the last primitive) (Figure 7). Polar arranged map symbols can be defined with the properties distance to the reference point („centerDistance“), the distance between the primitives („distance“), the number of groups („groups“), the number of primitives per part („parts“ with the attribute „arrangement“ for stacked primitives or primitives arranged in a row) as well as the total angle („totalAngle“) (Figure 7).
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Fig. 7: Properties of a polar arranged chart

3.5 Guides and Labels

Since complex map symbols tend to be difficult to read, the use of guides should be carefully examined. Nevertheless, in some cases they are necessary to increase the readability of the map symbol. Therefore, five guides were introduced in DiaML. The "guideBgRectangle" and "guideBgTriangle" options will be chosen to add background rectangles or triangles to the map symbol. The options are necessary for dot scatter charts, triangular and multiple line charts. Furthermore, "guideCircle" with the attribute radius and "guideRegularPolygon" with the attributes radius and the number of edges can be chosen for the use in polar line and polar bar charts. The radius depends on the maximum symbol size and can have values between 0 and 100 percent. As a last option, "guideLine" can be chosen with the attributes "from" and "to", defining the eight compass directions as well as the center of the map symbol.

To support an interactive labelling of the map symbols, a new tag "labelData" was introduced in the cartographic construction model. It can have the values "yes" (the data values will be shown as tooltip or as separate text field in the legend) or otherwise "no".

3.6 Transformations and scaling of the whole symbol

The whole map symbol can be rotated and translated in x- and y-direction. Additionally, a symbol scale factor "areaRatio" was defined in DiaML. This factor includes the ratio of the minimum and maximum data values as well as the ratio of the area of all symbols and the map area. In combination with a minimum size "minSize" and the primitive scaling options (chapter 3.3), the map symbol size is optimal adapted to the map.
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Fig. 8: Example of a DiaML description for a pie chart

3.7 Formalization of DiaML

All map symbol properties such as the primitive definitions, arrangement properties, style definitions for each primitive, transformation parameters (e.g. rotations and translations), guides as well as interactive labels were integrated in the new cartographic construction model. To increase the reusability of the DiaML descriptions, the primitive and style definitions were separated from symbol description. Therefore, the description is much shorter than a SLD description, since the styles and primitives need only be defined once. Figure 8 shows the structure of a typical pie chart with three sectors (respectively data values). An XML schema was also developed to validate the DiaML descriptions (Schnabel 2006b).

4  Conclusion and outlook

The DiaML description language was applied in a Web application called "Map Symbol Brewer", based on the concept of the Color Brewer (Brewer/Harrower 2002), to demonstrate the applicability of the new symbolization model (Schnabel 2005, Schnabel 2006a). Here, the DiaML description can be read and converted to SVG symbols and map layers. The application can be regarded as a symbolization service. Generally, DiaML as a cartographic description language contributes to the potential of cartographic visualization, mainly because of its flexibility, readability and usability.
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