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Chapter 1. Introduction

Therasterizing plug-in enables the conversion of vector data (coordinate-based geometry definitions)
to raster data (images). It allowsto extend the vector layer rendering pipeline by introducing an extra
rasterizing step. The vector tile response will thereby contain an URL content-type that allows the
client to fetch the tile as a normal image.

From a visualization view point, rasterizing tiles are quite comparable to vector tiles for many use
cases such as panning and zooming. They have significant advantages when the amount of vector data
is high, either in terms of features or in the amount of coordinates for each feature. Especially for
web clients, DOM-based vector rendering (SVG/VML) is quite slow and should not be used beyond
acouple of thousand features (state of the art as of beginning 2011). In this case rasterizing provides a
significant performance boost, especially when combined with server-side caching of theimagetiles.

On the other hand, there are some use cases which are evidently difficult to treat without vectorial
information at hand:

* editing of geometries.
* snapping to other layers.
* selection of features.

Geomajas provides the ability to load vector data on demand in such cases, thereby combining the
best of both worlds.

1. Pipeline overview

The rasterizing plug-in adds a rasterizing service and some pipeline steps to the framework, as well
as acontroller to serve the tile images.

The normal pipeline for getting the vector tiles is enhanced with an extra rasterizing step which is
indicated in green in the following figure:

Figure 1.1. Vector tile pipelinefor rasterizing
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Filter GetFeatures Transform RlzzarllE Fill StringContent

The rasterizing takes place in the RasterTile step, right after the point where al the features have
been collected and transformed to the screen coordinate system. It goes in front of the GetTileFill
step because it has to work with the complete set of interacting features of the tile. The GetTileFill
step filters the features to assure they are only drawn in one of the tilest. For rasterizi ng thisis not
necessary, as drawing cannot span the tile boundary.

The RasterTile step performs the following actions:

» check the rebuild cache and make sure it has the necessary context to rebuild the rasterized tile
image.

« if the rasterizing needs to be done now:

MThis s needed for SVG and VML rendering to avoid such features being drawn twice. Features are included in the tile which contains the
first point of the geometry or (if thefirst point is not inside the layer maximum bounds) to the super-tile.
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« build the rasterized tile image by calling the ImageService (see next chapter).

« put the rasterized tile image in the normal cache so that it can be fetched by the controller.
* set the feature content of the tile to a unique URL that contains the cache key.
After this step, the cache must contain both the rebuild information and the rasterized image. Thetile
that is returned must contain the URL to fetch the tile image. Normally, the client will immediately

fetch this URL from the server in a separate client-server interaction.

Our next figure shows how this URL reguest is handled:

Figure 1.2. URL handling for rasterization
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The following series of actions take place:

« the dispatcher servlet dispatches the request to the RasterizingController, based on the URL prefix
/rasterizingl.

« theRasterizingController invokes a separate rasterizing pipeline, which handlesthe following steps.

» The rasterizing cache is checked so if it contains the requested image. If successful, the pipeline
ends.

« the Rasterize step tries to fetch the rebuild context from the rebuild cache. If successful, the vector
tile pipelineisinvoked again and the resulting imageisreturned. If not, an empty imageisreturned.

Note that you can configure when the initial rasterizing takes place. This can either be done when
requesting the vector tile or when requesting thetileimage. Thereisatrade-off, handling therasterizing
at vector tile requests optimizes throughput for the back-end, but seems slower for the client.

2. The image and rendering services

The rasterizing process has an application-level service, caled | mageSer vi ce ,which has methods
for creating alegend and map image. This serviceinternally calls a pipeline with three steps. The most
important step, and the step which is responsible for the actua rendering, is the Render MapSt ep,
This step uses itself a Renderi ngSer vi ce, which is primarily a wrapper of the GeoTools
St reanRender er class.

Our rasterizing is based on the GeoTools rasterizing approach. In this approach, a map context is
constructed that contains all the necessary information to rasterize amap. A map context contains the
following components:

» A list of layers: layers can be ordinary vector layers, raster layers or so-called direct layers, which
are responsible for their own rendering.

» A view port: aview port containsan area of interest and a screen area. It providesthetransformation
between map an screen coordinates.

The actual rasterizing happens by passing the map context to the Render i ngSer vi ce along with
aG aphi cs2Dobject for drawing (usually to an internal buffer).

The following picture shows the services and the interaction with pipeline steps and factories:
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Figure 1.3. Image service
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Theimage service can be used to rasterize singletiles or compl ete maps, depending on the composition
of the map context. The | mageSer vi ce does not directly take a map context as an argument, but
expectsaC i ent Mapl nf o DTO object instead:

Example 1.1. Image service interface definition

public interface | nageService {

/**

* Wites a map to the specified output stream

*

* @ar am stream out put stream

* @aramclientMapl nfo netadata of the map

* @hrows CGeommj asException thrown when the streamcould not be witten

*/

void witeMap(Qut put Stream stream CientMaplnfo clientMplnfo) throws Geon
/ *

Wites a legend to the specified output stream

@ar am stream out put stream
@aram cl i ent Mapl nfo nmetadata of the nmap
@hrows Geommj asException thrown when the streamcould not be witten
/
void witelLegend(QutputStream stream CdientMaplnfo clientMaplnfo) throws G

* % %k X % X X

}

Thed i ent Mapl nf o DTO object has been extended a bit to include all the rasterizing information
needed (see next chapter).

3. Rasterizing info classes

The C i ent Mapl nf o DTO object has been extended to pass plugin-specific information to the
rasterizing plugin backend. This was done by using the generic O i ent W dget | nf o mechanism
for adding per-map and per-layer information. Three extensions have been defined:

* MapRast eri zi ngl nf o: thisisad i ent W dget | nf o extension that is applied at the map
level and contains such extra information as scale and bounds, extra layers to be visualized,
background transparency and legend information (in case alegend has to be rendered)
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* RasterlLayer Rasteri zi ngl nfo: thisisaC i ent W dget | nf o extension that is applied
at the level of araster layer and contains client-side dynamic information like visibility and css

styling (opacity)

» Vect or Layer Rast eri zi ngl nfo: thisisaC i ent W dget | nf o extension that is applied
at the level of a vector layer and contains client-side dynamic information at the layer level like
visibility, selection and style

The appropriate ClientWidgetinfo object should be set on the map and each of its layers
usingget W dget | nf o() . put (key, i nf o) beforecalingthel mageSer vi ce. Thefollowing
subsections will explain each of the extension DTO objects.

3.1. MapRasterizinginfo

The MapRast eri zi ngl nfo DTO object contains the metadata information that is needed to
rasterize the map. The following attributes are provided:

Table 1.1. MapRasterizingl nfo attributes

Name Description

bounds Bounds of the map region that should be
visualized

scale Scale (in pixels per map unit). In combination
with the bounds this determines the dimensions of
the raster image

transparent Determines whether the resulting image should
be transparent. If false, non of the layers can use
transparency !

extralayers A list of ClientLayerInfo DTO objectsthat should

be added on top of the configured layers of the
map. This opens up the possibility to render
additonal layers on top of the map that were not
part of the original map configuration. It also
allowsto add extra objects on top of the map, such
as calculated buffers or feature geometries (see
ClientGeometryL ayerinfo).

legendRasterizinglnfo A DTO object that contains specific information
for rendering the legend (in case the
renderLegend() method is wused. It
determines the width, height and font properties
of the legend.

ClientGeometryL ayerinfo A subclass of the ClientLayerInfo object. Thisis
used to add a geometry to the map that does not
have a server side equivalent.

3.2. RasterLayerRasterizinginfo

TheRast er Layer Rast eri zi ngl nf o DTO object contains metadata information that is needed
to rasterize araster layer. It contains the following attributes:

Table 1.2. Raster Layer Rasterizinglnfo

Name Description
showing True if the layer should be rasterized.
This property is necessary because, as the
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Name

Description

RasterLayerRasterizinginfo is added to the
original layer configuration of the map, skipping
of certain layers should be possible by
allowing showing = false (leaving the original
configuration untouched).

cssStyle

The CSS style property to be set ontheraster layer
images. Thisis primarily used to set the opacity.

3.3. VectorLayerRasterizingInfo

TheVect or Layer Rast eri zi ngl nf o DTO object contains metadata information that is needed
to rasterize avector layer. It contains the following attributes:

Table 1.3. VectorLayer Rasterizinglnfo

Name Description

showing True if the layer should be rasterized.
This property is necessary because, as the
VectorLayerRasterizinginfo is added to the
original layer configuration of the map, skipping
of certain layers should be possible by
alowing showing = false (leaving the original
configuration untouched).

style The style to be applied for rasterizing the layer.
Thismay be different from the configured style of
the layer.

selectionRule The style rule to be applied to the selected
features. Selected features will be shown in a
specific selectiion style defined by thisrule.

selectedFeaturel ds The feature identifiers of the selected features.

filter An extra filter to limit the features that will be
rasterized.

paintLabels Wether labels should be painted.

paintGeometries Wether geometries should be painted.

3.4. ClientGeometryLayerinfo

Thed i ent Geonet ryLayer | nf o DTO object contains metadata information that is needed to
rasterize geometriesthat are not part of the map configuration and have no server-side layer equivalent.
Thistype of layer can be added as an extra layer to the MapRasterizinglnfo DTO to add such objects
to the map like user-drawn geometries, calculated buffers, bounds, etcetera. It contains the following

attributes:

Table 1.4. ClientGeometryL ayerInfo

Name Description

showing Trueif the layer should be rasterized.

style The style to be applied for rasterizing the
geometries.

layerType The type of the geometries. Should be one of the
vector layer types
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Name Description

geometries The list of geometries to be rendered. All
geometries are assumed to be defined in the CRS
of the map.

4. RenderingService and
LayerFactoryService

As indicated in the image and rendering services section, the actual rendering of the map/legend is
based on the Geotools map context and renderer concepts. The RenderingService interface has the
following methods:

Example 1.2. Rendering service interface definition

public interface RenderingService {

/**

* Renders the | egend for the specified map context.
*

* @aram context map cont ext

* @eturn the inmge

*/

Render edl mage pai nt Legend( MapCont ext cont ext);

/**

* Renders the map context to the specified Java 2D graphics.
*
* @aram context map cont ext
* @aram graphi c graphics object
*/
voi d pai nt Map( MapCont ext context, G aphi cs2D graphics);
}

Both methodstake a Geotools MapCont ext object asparameter. The MapCont ext object contains
a list of Geotools Layer objects, The Geomajas layer DTO objects are internally converted to
Geotools layers by using an abstract factory pattern. The abstract factory has a method to check
whether it can perform the layer creation (based on the passed Cl i ent Layer | nf o object) and an
actual factory method:
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Example 1.3. Layer factory interface definition

public interface LayerFactory {

}

/**
* user data to record the layer id (up to caller to decide what to do with
*
/
String USERDATA KEY LAYER |ID = "geonmjas.rasterizing.layer"; // String

/**

* user data to record if layer is showing (up to caller to decide what to
*/

String USERDATA KEY_SHOW NG = "geonmj as. rasteri zi ng. showi ng"; // bool ean

/**
* user data for the |layer styles (DTGs, should eventually beconme unnecessal
*/
String USERDATA KEY _STYLE RULES = "geonwmjas.rasterizing.style.rules"; // Li

/**
* user data for the map (up to caller to decide what to do with this info)
*/
String USERDATA RASTERI ZI NG | NFO = "geonmj as.rasterizing.info"; // MapRaste

*

/
Returns true if this factory is capable of creating |ayer instances for |

@ar am mapCont ext the map cont ext
@aram clientLayerinfo the client [ayer netadata
@eturn true if we can create |ayer instances
/
bool ean canCreat eLayer (MapCont ext mapContext, CientLayerlinfo clientLayerln

* 0% %k X % F X

*

/
Creates a layer for the specified netadata.

@ar am mapCont ext t he map cont ext

@aram clientLayerinfo the client [ayer netadata
@eturn |ayer ready for rendering

@ hrows Geonmj asException sonethi ng went w ong

* % %k F X X X %

~

Layer createlLayer(MapContext mapContext, CientlLayerlnfo clientlLayerlnfo) tl

The Layer Factory aso defines a number of user data keys that alow Geotools Layer
implementations to access Geomajas DTO abjects internally, should that be necessary.

The following concrete L ayerFactory implementations are available:

* Vect or Layer Fact ory: acceptsad i ent Vect or Layer | nf o DTO and creates a Geotools

Feat ur eLayer

Rast er Layer Factory: accepts a Client RasterLayerinfo DTO and creaes a
Rast er Di r ect Layer, which is our own implementation of a Geotools Di r ect Layer for
rendering raster layers

Geonetrylayer Fact ory:accepts a GCeonetrylLayerinfo DTO and creates a
GeonetryDi r ect Layer, which isour own implementation of a Geotools Di r ect Layer for
rendering geometries
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Concretelayer factories areinstantiated as singleton componentsin the application context. A separate
Layer Fact or ySer vi ce takescare of iterating over the configured layer factories and isthe entry
point for creating the layers for the map context in the AddLayer sSt ep of the rasterizing pipeline.
The current system can be extended by creating an additional Cl i ent Layer | nf o class and a
complimentary Layer Fact ory. The custom Layer Fact ory should create a Geotools Layer

implementation based on Di r ect Layer .




Chapter 2. Configuration

The configuration of the rasterization involves the following elements:
« configure the vector tile pipeline to use rasterization.
 configure the rasterizing service.

« configure the Style2DFactoryService.

1. Dependencies

Make sure you include the correct version of the plug-in in your project. Use the following excerpt
(with the correct version) in the dependencyM anagement section of your project:

<dependency>
<gr oupl d>or g. geonsj as. pl ugi n</ groupl d>
<artifactld>geommj as-plugin-rasterizing-all</artifactld>
<versi on>1. 0. 0</ ver si on>
<t ype>ponx/type>
<scope>i nport </ scope>
</ dependency>

If you are using geomajas-dep, this includes the latest released version of the rasterizing plug-in (at
the time of publishing of that version). If you want to overwrite the rasterizing plug-in version, make
sure to include this excerpt before the geomajas-dep dependency.

Y ou can now include the actual dependency without explicit version.

<dependency>
<gr oupl d>or g. geongj as. pl ugi n</ gr oupl d>
<artifactld>geomsj as-pl ugi n-rasterizing</artifactld>
</ dependency>

If you want to make use of the toolbar actions for exporting map and legend images, you must add
the GWT face dependency as well:

<dependency>
<gr oupl d>or g. geonmj as. pl ugi n</ gr oupl d>
<artifactld>geomsj as-pl ugin-rasterizing-gw</artifactld>
</ dependency>

In this case you should also add the modul e inheritance to your GWT modul e descriptor:

<modul e>
<i nherits name="org.geonnj as. pl ugi n.rasterizi ng. Rasteri zi ng"/>
</ nodul e>

2. Pipeline configuration

The only pipeline that can optionally use rasterization is the GetVectorTile pipeline used by the
VectorLayerService. If you want to use rasterization without caching of the rasterized image, you can
add the following configuration location to your web.xml file:

cl asspat h: or g/ geonmj as/ pl ugi n/ rast eri zi ng/ Def aul t Rast eri zedPi pel i nes. xm

If you want to maximize caching (including enabling caching for all layers), add the following location
instead:
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cl asspat h: or g/ geonmj as/ pl ugi n/ rast eri zi ng/ Def aul t CachedAndRast eri zedPi pel i nes. x
Alternatively you can configure for each layer individually which pipeline should be used.
The following rasterized pipelines exist (bean name):

* PIPELINE_GET_VECTOR_TILE RASTERIZE BUILD_URL: pipelineto get atile for a vector
layer. Thiswill just generate the raster image URL, the rasterization will take place when the URL
is requested.

* PIPELINE GET_VECTOR_TILE RASTERIZE: pipelinetorasterize atilefor avector layer. This
image is built but not cached.

* PIPELINE_GET_VECTOR_TILE_RASTERIZE WITH_CACHING: pipeline to rasterize a tile
for avector layer and cache the image.

A pipeline needs to be defined for generating the raster image itself. Y ou can set the specific pipelines
to use for alayer using a configuration like this:

Example 2.1. Applying therasterized pipeline for getVector Tile() on myL ayer

<bean cl ass="org. geonsj as. servi ce. pi pel i ne. Pi pel i nel nfo">
<property nane="pi pel i neNane" >
<util:constant static-field="org.geonsjas. service. pi peline. Pi pelineCode
</ property>
<property nane="l|ayerld" val ue="nyLayer" />
<property nane="del egat ePi pel i ne" ref="PIPELI NE GET_VECTOR Tl LE RASTERI ZE B
</ bean>

<bean cl ass="org. geonsj as. servi ce. pi pel i ne. Pi pel i nel nfo">
<property nane="pi pel i neNane" >
<util:constant static-field="org.geongjas.plugin.rasterizing.api.Raster
</ property>
<property nane="l|ayerld" val ue="nyLayer" />
<property nane="del egat ePi pel i ne" ref="PlIPELI NE GET_VECTOR Tl LE RASTERI ZE" |
</ bean>

3. Rasterizing style configuration - SLD
(Styled Layer Descriptor)

The rendering service is based on the Geotools Rendere and makes use of the SLD standard for
style configuration. This means that styles are completely defined through SLD. The Geomajas style
configuration has been extended to support SLD 1.0.0, and more specifically the schema defined
in GeoTools (which is aso used by Udig and GeoServer). The support of SLD opens up many
possibilities for styling that were previously not available. A selection of SLD styles that can be
used as a source of inspiration - in addition to the standard [ http://www.opengeospatial .org/standards/
dd] itself, of course, which is the ultimate reference - can be found in the SLD cookbook [http://
docs.geoserver.org/stable/en/user/styling/d d-cookbook/index.html] of GeoServer. The rasterizing
showcase demonstrates most cookbook examples.

An example of how to configure the SLD filefor alayer style in Geomajas is shown below:
Example 2.2. SLD style configuration
<bean cl ass="org. geonsj as. confi gurati on. NamedStyl el nfo" nanme="I| ayer Pol ygonsRast

<property nane="sl dLocati on" val ue="cl asspat h: or g/ geomaj as/ pl ugi n/ rasteri zi
</ bean>
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Itissufficient tolet thesl dLocat i on property point to the (relative) location of the SLD file.

An example of an SLD style is shown below:

Example 2.3. SLD style sample

<Styl edLayer Descri ptor version="1.0.0"
xsi : schemalLocati on="htt p://ww. opengi s. net/sld Styl edLayer Descri ptor.xsd"
xm ns="htt p://ww. opengi s. net/sl d"
xm ns: ogc="http://ww. opengi s. net/ ogc"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena- i nst ance" >
<NanedLayer >

<Nane>Si npl e Li ne</ Nanme>
<User Styl e>

<Titl e>SLD Cook Book: Sinmple Line</Title>

<Feat ureTypeStyl e>

<Rul e>
<Li neSynbol i zer >
<Stroke>
<CssPar anmet er name="stroke">#000000</ CssPar anet er >
<CssPar anmet er name="stroke-w dt h">3</ CssPar anet er >
</ St r oke>
</ Li neSynbol i zer >
</ Rul e>

</ FeatureTypeStyl e>

</ User Styl e>
</ NamedLayer >
</ Styl edLayer Descri pt or >

The following limitations hold for the SLD file: .
« the configuration should contain aNanedLayer that holdsaUser St yl e

» the user style should contain asingle Feat ur eSt yl e with at least onerule.

4. Commands

Apart from the usage within the map - which is based on the generic Get Vect or Ti | eConmrand
- the Rast er i zeMapConmmand can be used to separately fetch an image URL to arasterized map
and/or legend:

Table 2.1. RasterizeM apCommand

Id command.rasterizing.RasterizeMap
reguest object class org.geomaj as.plugin.rasteri zing.command.dto.Rasteri zeM apReques
request parameters e clientMapinfo: the map info with the

rasterizing extensions

Description Command that creates an image of the map and
thelegend, addsit to the cache and returnsan URL
for both images

response object class org.geomaj as.plugin.rasteri zing.command.dto.Rasteri zeM apRespon

response parameters » mapKey: cache key for the map image
* legendKey: cache key for the legend image

« mapUrl: URL of the map image

11
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« legendUrl: URL of the legend image

To call thecommand, an extended Cl i ent Mapl nf o object should be created client-side and passed
asaparameter to therequest. To facilitate this, an | mageUr | Ser vi ce isprovided that perfomsthis
preparation stage in the common use case where the user wants to generate an image of the current
screen. The following methods are provided by this service:

Example 2.4. Image URL service definition

public interface | nmageUrl Service {

*

/
Create map and | egend i mages for the specified map.

@aram map the map

@ar am i mageCal | Back call back function

@ar am makeRast eri zabl e shoul d the service make the nmap rasterizable ?
/

voi d createl mageUr| (MapW dget map, |mageUrl Cal | back i mageCal | Back, bool ean

E o I I

/**

* Create map and | egend i mages for the specified map. Preparing for raster|
*

* @aram nmap the map
* @aram i mageCal | Back call back function
*/
voi d createl mageUr| (MapW dget map, |mageUrl Cal | back i mageCal | Back) ;

/**

* Prepare the specified map for server-side rasterization.
*

* @aram nmap the map
*/
voi d makeRast eri zabl e( MapW dget map) ;
}

The basic method to call isthe cr eat el mageUr | ( MapW dget map, | nmageUrl Cal | back
i mgeCal | Back) method, which fetches the current map and legend image. The result is
received asynchronously by passing a specia callback interface | mageUr | Cal | back. The map
preparation part can be called separately through the makeRast eri zabl e() method, which
is useful in the case where the user wants to make some additional changes to the rasterizing
extension data. When using this method, the preparation stage can be consequently skipped by
calingthecr eat el mageUr | ( MapW dget map, | nageUrl Cal | back i mageCal | Back,

bool ean nakeRast eri zabl e) method with makeRast eri zabl e = fal se.

5. Actions and toolbar configuration

For the common use case of making a print of the current map or legend, 2 toolbar actions have been
registered:

e Get Mapl mageAct i on: this action exports an image of the current map screen in a separate
browser window

» Cet Legendl mageAct i on: this action exports an image of the current legend in a separate
browser window

The following configuration snippet shows how to configure these actionsin the toolbar:

12
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Example 2.5. Configuration of rasterizing actions

<bean name="Get Mapl mage" cl ass="org. geomgj as. configuration.client.dientToo
<property nane="tool | d" val ue="Get Mapl nage"/ >
</ bean>

<bean name="Cet Legendl mage" cl ass="org. geonmgj as. configuration.client.dient
<property nane="t ool | d" val ue="GCet Legendl nage"/ >
</ bean>

<bean name="Cet Legendl mageAl | " cl ass="org. geomaj as. configuration.client.C i
<property nane="t ool | d" val ue="GCet Legendl nage"/ >
<property nanme="paraneters">
<list>
<bean cl ass="org. geonsj as. confi gurati on. Paraneter">
<property nane="name" val ue="showAl | Layers" />
<property nane="val ue" val ue="true" />

</ bean>
</list>
</ property>

</ bean>

CGet Legendl mageAct i on hasasingle configuration parameter showAl | Layer s. If set to true,
the generated legend image contains all layers of the layer tree. Otherwise, only the visible layers are

displayed.
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Chapter 3. How-to

This chapter shows some common use cases that apply to the rasterizing plugin.
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