CGDI WMS Styled Layer Descriptor

DRAFT 1.0


General description of the

CGDI

Styled Layer Descriptor

(an extension to the Web Map Service)

This document is not a service as defined by CGDI but an add on capability to a Web Map Service. Considering that the Web Map Service specification recommended by the CGDI SAWG team is the OGC Web Map Server implementation specification and that specification does not currently include a Styled Layer Descriptor (SLD) component it is not appropriate at this time to include this Styled Layer Descriptor document into the CGDI Web Map Service description document. OGC is currently working on an Open GIS Styled Layer Descriptor specification but this specification it is still at a draft candidate implementation level.

1. Identification

1.1 Service Name:
The Styled Layer Descriptor (SLD) is an add on capability to a Web Map service

1.2 Purpose: 

The main objective of this document is to describe the Styled Layer Descriptor (SLD) to a level sufficient to permit anyone to understand the use of SLD in the overall context of the CGDI architecture and CGDI services. SLD extends the capability of the adopted Web Map Server implementation specification (OGC WMS 1.0) and allows user-defined symbolization of feature data. This document should be read in conjunction with the latest version of the OGC Web Map Server specification. From a system architecture view point the SLD is presented as a mean of describing the appearance of a map by allowing any web client or server application to symbolize features. Symbolization is achieved by supporting user-defined layers and styles with rules in relationship with symbols. 

This approach enables client and server base software applications to define or redefine symbolization over the web and dynamically overlay distributed maps using geographic features from distributed data stores. An existing implementation of symbolization would typically be part of an all encompassing integrated GIS software product and require that all geographic features be directed at a centralized component to perform this operation. The SLD approach follows the OGC Web service model and considers symbolization as participating in a distributed operation in addition to a centralized operation supported by most GIS products. It becomes therefore possible to request a single integrated map over the web that would be dynamically created and composed of feature originating from a large number of data sources and obtain a coherent map even if map servers delivering portion of the map have been acquired from different vendors.

The requirement to support a geospatial data infrastructure based on a distributed and cooperative service model is what distinguishes the SLD approach versus other approaches. The overall objective is to provide interoperable web mapping services where the appearance of a single integrated map dynamically generated from a large infrastructure is consistent and follows standard symbolization requirements. 
1.3 Scope:

This document consists of Styled Layer Descriptor (SLD) elements which describes how user-defined symbolization is achieved by introducing user-defined layers and styles with rules and their relationship with symbols. An SLD is used by a Web Map server to symbolize features based the content of an SLD document. From a conceptual view point the appearance of a map can be described in term of "styled layers". A styled layer can be considered as a transparent sheet with features symbolized upon it. A map would therefore be composed of a number of "styled layers" assembled in a specific order. A very complex or simple map can be created by adding or removing styled layers within an SLD document. Conceptually a layer defines a stream of features and the style defines how those features are symbolized. Since a layer define a steam of features, the SLD mechanism includes as well the capability to reference a Web Feature Server service responsible for delivering the features.
1.4 Service Version:

This SLD document is presented in the context of a CGDI Web Map service. The Service version corresponds to the version implementation of a Web Map service. But in addition to a Web Map service version an SLD version is also provided to allow backward compatibility with versions of SLDs. The Canadian Geospatial Data Infrastructure (CGDI) when implemented will be composed of many CGDI Web Map services and each service will conform to a specific version that correspond to a particular version of the OGC WMS specification. More detail rules regarding how service versioning should be implemented within the context of interoperable CGDI Web Map services are described in a separate CGDI document.

2. Description

2.1 Functional Description:

In the context of this document a Styled Layer Descriptor (SLD) is used by a Web Map server implemented as described by the OGC Web Map Server (WMS) specification. The SLD enhance the appearance of a map by allowing user-defined symbolization. Based on the OGC WMS specification a map is obtained using a "GetMap" operation. This is precisely the mechanism used to implement a Styled Layer Descriptor for enhancing the capability of a CGDI WMS. An SLD document contains the appearance of a map using an XML encoding. This XML document structured using a DTD described in the OGC SLD Draft Candidate Specification (version 0.7.0) contains information about "Layers and Styles", and "Symbols".  

2.1.1 Layers and Styles

For more detail information about "Layers and Styles" WMS software developers should consult the OGC SLD Draft Candidate Specification (version 0.7.0). The "Layers and Styles" section of an SLD document includes the concept of a NamedLayer and a UserLayer.

A NamedLayer uses the "name" attribute to identify a layer known to the WMS and contains zero or more styles, either NamedStyles or UserStyles. In the absence of any styles the default style for the layer is used. 

A UserLayer is user-defined and may contain one or more UserStyles. A UserLayer may also direct a WMS service to a specified Web Feature Server service for access to feature data. Multiple feature types can be included in a UserLayer since this is semantically equivalent to a NamedLayer. All feature types of a UserLayer come from the same WFS. A UserStyle allows user-defined styling and is semantically equivalent to a named style in the sense that a named style could be viewed as a reference to a UserStyle stored inside of a map server. A UserStyle may contain one or more Rules which allow conditional rendering of symbols.

A Rule is used to attach a condition to a symbol and group the individual symbols for rendering. Only a single feature type can be referenced inside of a rule declaration. 

2.1.2 Symbols

When a Web Map Server perform its rendering operation by reading vector or raster data and generating a map the following symbol entities are being used: LineStringSymbol, PolygonSymbol, PointSymbol, TextSymbol and RasterSymbol. To each symbol entity corresponds a specific type of rendering.

A LineStringSymbol is used to render a “stoke” along a string of line segments. A LineStringSymbol is composed of the following elements: Stroke(Color | GraphicFill | Graphic), Opacity, Width, LineJoin, LineCap and DashArray. If a point geometry is rendered with a LineStringSymbol then it should be interpreted as a line of zero length and two end points. If a polygon geometry is rendered with a LineStringSymbol then its closed outline is used as the line string with no end points.

A PolygonSymbol is used to render an interior “fill” and an outlining “stroke” for a polygon or other 2D-area geometry. A PolygonSymbol is therefore composed of Geometry, Fill and Stroke elements. If a point or line geometry is rendered with a PolygonSymbol the “fill” is ignored and the “stroke” is used as described in the LineStringSymbol.

A PointSymbol is used to render a “graphic” at a point. A PointSymbol includes Geometry and Graphic elements. If a line-string or polygon geometry is rendered with this symbol then the semantic is to use the centroid of the geometry or any similar representative point. A “graphic” element has an inherent shape, color and size. Gaphics can be referenced from an external URL in a common format  (such as GIF or SVG) or may be derived from a Mark. Multiple external URLs may be referenced for a PointSymbol with the semantic that they all provide the same graphic in different formats. 

A TextSymbol is used to render a text label. The TextSymbol is comprised of Geometry, Label, Font, LabelPlacement, Halo and Fill parameters. A missing Geometry, Label, Font, or LabelPlacement element is interpreted by using a default value or behaviour for the element.

A RasterSymbol is used to render raster or matrix-coverage data such as satellite data and DEMs. RasterSymbol elements include Geometry, Opacity, ChannelSelection, OverlapBehavior, ColorMap, ContrastEnhancement, ShadedRelief and ImageOutline.  

2.2 SLD Architecture

The SLD Architecture presented in figure 1.0 illustrates the role played by an SLD in three typical implementations of a rendering engine. The structure of an SLD represented by its DTD and its content represented by the XML document form a common model used by all types of rendering engines. Each different rendering engine supported by a Web Map Server has been SLD enabled. This implies that each WMS can advertise its SLD capability and respond to a Map request comprising a Styled Layer Descriptor.
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Figure 1.0 – The SLD Architecture representing a common Styled Layer model to all rendering engines.

2.3 Enhancing the WMS GetCapabilities

The GetCapabilities operation of a Web Map Server interface is an HTTP request using either the “Get” or a “Post” method. The XML document returned from a GetCapabilities request to a WMS would return all necessary information to allow any client application to formulate a valid Map request. For example the capabilities document of a WMS includes all NamedLayers known to a WMS. A GetMap request is therefore not valid if it references a NamedLayer not known to a WMS. To ensure valid interaction with WMS supporting SLD the capabilities response of WMS needs to be enhanced to include the following information:

1) Support for SLD

2) Support for user-defined layers

3) Support for user-defined styles

4) Support access to remote WFS

5) Support for HTTP “Get” and “Post” methods

A WMS that does not support NanedLayers and NamedStyles for example is indicated by not returning any Layer elements in its GetCapabilities XML document. This approach makes it possible to support user-defined styles without supporting user-defined-layers.

2.4 GetMap Request using SLD

Two methods have been defined to allow client applications to use SLD and user-defined symbology:

1) The client application interacts with a WMS using http “Get” but the request references a remote SLD.

2) The client application interacts with the WMS using http “Post” with a request encoded in XML and including an SLD.

It is important to note that in both cases the WMS has no prior knowledge of the content of an SLD. In the first case above the methodology allows any client application to switch between a number of pre-defined maps, each one controlled by its own pre-defined SLD. In the second case the methodology allows client applications to interactively define how they wish a map to appear by constructing SLD “on-the-fly”.

Example for Case No1

The following example illustrates a GetMap request using an SLD and the http “Get” method:

http://yourfavoritesite.com/WMS?


Version=1.0.8&


REQUEST=GetMap&


SRS=EPSG:4326&


BBOX=0.0,0.0,1.0,1.0&


LAYERS=Rivers, Roads, Houses&


STYLES=CenterLine, CenterLine, Outline&


WIDTH=400&


HEIGHT=400&


FORMAT=PNG

Example for Case No2

In the second example below, the method used to communicate with a WMS is the http “Post”. This requires an XML encoding of the map request. 

<?xml version=”1.0” encoding=”UTF-8”?>

<!DOCTYPE GetMap SYSTEM “GetMap.DTD”>

<GetMap>


<Format>



<PNG />



<PNG />


</Format>


<BoundingBox SRS=”EPSG:4326” minx=”0.0” miny=”0.0” maxx=”1.0” maxy=”1.0” />


<!- - Embedded StyledLayerDescriptor starts here. - - >


<StyledLayerDescriptor>



<NamedLayer name=”Rivers”>




<NamedStyle name=”CenterLine”/>



</NamedLayer>



< NamedLayer name=”Roads”>




<NamedStyle name=”CenterLine”/>



</NamedLayer>



< NamedLayer name=”Houses”>




<NamedStyle name=”Outline”/>



</NamedLayer>


</StyledLayerDescriptor>


<!- - Embedded StyledLayerDescriptor ends here. - - >


<Width>



400


</Width>


<Height>



400


</Height>

</GetMap>

2.5 SLD and the access to a WFS

When a WMS renders feature data using a user-defined symbolization the source of feature data needs to be identified. The SLD specification is designed to support a wide variety of implementations of WMS that support user-defined symbolization. For example a WMS might symbolize feature data stored in a remote Web Feature Server (WFS) or only support symbolization from a specific default feature store. In the case where a reference to a remote WFS is required an optional parameter called WFS is introduced in the GetMap request. The following example illustrates the use of a remote SLD and a remote WFS.

http://yourfavoritesite.com/WMS?


Version=1.0.8&


REQUEST=GetMap&


SRS=EPSG:4326&


BBOX=0.0,0.0,1.0,1.0&


SLD=http%3A%2F%2Fmyclientsite.com%2FmySLD.xml&


STYLES=CenterLine, CenterLine, Outline&


WIDTH=400&


HEIGHT=400&


FORMAT=PNG


WFS=http%3A%2F%2Fanothersite.com%2FWFS%3F

2.6 DescribeLayer Request

Defining a user-defined style requires information about the features being symbolized or at least their feature type information. Since user-defined styles can be applied to a NamedLayer a mechanism is required to obtain feature-type information for a NamedLayer. The DescribeLayer request is another example of how WMS concepts of layers and styles can be bridged with WFS concepts such as feature-type. A DescribeLayer request can be applied to multiple layers as shown in the example below:

http://yourfavoritesite.com/WMS?


VERSION=1.0.8&


REQUEST=DescribeLayer&


LAYERS=Rivers, Roads, Houses

2.7 User Defined Symbolization

The following example illustrates how user defined symbolization is formulated within an SLD and figure 2.0 illustrates how a WMS respond to a GetMap request using this SLD.

<?xml version="1.0" encoding="UTF-8"?>

<!DOCTYPE StyledLayerDescriptor

  SYSTEM "http://www.cubewerx.com/sld/dtd/sld_065.dtd" >

<StyledLayerDescriptor version="0.6.5">

    <NamedLayer name="OCEANSEA_1M:CubeWerx">

        <UserStyle>

            <PolygonSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>0x2E4AAB</StrokeColor>

                <StrokeWidth>1.0</StrokeWidth>

                <StrokeOpacity>0.0</StrokeOpacity>

                <FillColor>blue</FillColor>

                <FillOpacity>1.0</FillOpacity>

            </PolygonSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="POLBNDA_1M:CubeWerx">

        <UserStyle>

            <PolygonSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeOpacity>0.0</StrokeOpacity>

              <FillColor>yellow</FillColor>




  <FillOpacity>0.3</FillOpacity>

            </PolygonSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="INWATERA_1M:CubeWerx">

        <UserStyle>

            <PolygonSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>0x2E4AAB</StrokeColor>

                <StrokeWidth>1.0</StrokeWidth>

                <FillColor>blue</FillColor>

                <FillOpacity>1.0</FillOpacity>

            </PolygonSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="BUILTUPA_1M:CubeWerx">

        <UserStyle>

            <PolygonSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>#507070</StrokeColor>

                <StrokeWidth>2.0</StrokeWidth>

                <StrokeOpacity>1.0</StrokeOpacity>

                <FillColor>orange</FillColor>

                <FillOpacity>0.6</FillOpacity>

            </PolygonSymbol>

        </UserStyle>

    </NamedLayer>

   <NamedLayer name="SWAMPA_1M:CubeWerx">

        <UserStyle>

            <PolygonSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>0x2E4AAB</StrokeColor>

                <StrokeWidth>1.0</StrokeWidth>

                <StrokeOpacity>0.0</StrokeOpacity>

                <PointSymbol>

                    <!--  http://www.magi.com/~wtl/images/swamp.gif -->

                    <Mark>http://www.cubewerx.com/sld/swamp.gif</Mark>

                </PointSymbol>

                <FillOpacity>1.0</FillOpacity>

            </PolygonSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="COASTL_1M:CubeWerx">

        <NamedStyle name="0x101040"/>

    </NamedLayer>

    <NamedLayer name="RAILRDL_1M:CubeWerx">

        <UserStyle>

            <LineStringSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>yellow</StrokeColor>

                <StrokeWidth>3.0</StrokeWidth>

                <StrokeOpacity>0.7</StrokeOpacity>

            </LineStringSymbol>

        </UserStyle>

        <UserStyle>

            <LineStringSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>black</StrokeColor>

                <StrokeWidth>1.0</StrokeWidth>

                <StrokeDashArray>5 2</StrokeDashArray>

            </LineStringSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="ROADL_1M:CubeWerx">

        <UserStyle>

            <LineStringSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>#ff1111</StrokeColor>

                <StrokeWidth>3.0</StrokeWidth>

                <StrokeOpacity>0.7</StrokeOpacity>

            </LineStringSymbol>

        </UserStyle>

        <UserStyle>

            <LineStringSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>#ffffff</StrokeColor>

                <StrokeWidth>1.0</StrokeWidth>

            </LineStringSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="POLBNDL_1M:CubeWerx">

        <UserStyle>

            <LineStringSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>white</StrokeColor>

                <StrokeWidth>5.0</StrokeWidth>

                <StrokeOpacity>0.7</StrokeOpacity>

            </LineStringSymbol>

            <LineStringSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <StrokeColor>black</StrokeColor>

                <StrokeWidth>1.0</StrokeWidth>

                <StrokeDashArray>8 4 2 4</StrokeDashArray>

            </LineStringSymbol>

        </UserStyle>

    </NamedLayer>

    <NamedLayer name="AEROFACP_1M:CubeWerx">

        <UserStyle>

            <PointSymbol>

                <Geometry>

                    <FetchFeatureProperty name="geometry"/>

                </Geometry>

                <MarkScale>16</MarkScale>

                <!-- <Mark>geosym/gif/2267.gif</Mark> -->

                <Mark>http://www.cubewerx.com/sld/2269.gif</Mark>

                <MarkOpacity>0.5</MarkOpacity>

            </PointSymbol>

        </UserStyle>

    </NamedLayer>

</StyledLayerDescriptor>
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Figure 2.0 – Illustrates the response of a WMS following a GetMap request using an SLD.
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