








6 DESIGN OF A CONFIGURABLE SERVICE-BASED GEOVISUALIZATION
PIPELINE

Figure 6: “Pixel clutter” as a symptom for insufficient generalization generated by com-
mon approaches for 3D portrayal.

for separate geodata. However, these proposals do not support specific visualization
requirements and do not exploit the full potential of 3D portrayal. For example, if pho-
torealistic representations are required, enabling realistic global illumination, water and
cloud rendering and controlling its properties supports this task. On the other hand,
if abstracted, non-photorealistic representations are required, enabling and controlling
specific techniques supports this task.

6 Design of a Configurable Service-Based Geovisual-
ization Pipeline

In this Section, we outline the high-level design of a configurable, standards- and
service-based visualization pipeline that can be applied for implementing a system
required to generate automatically map-like 2D and 3D visual representations from
heterogeneous geodata and visualization requirements.

For this purpose, we map the proposed operators (see Section 4) to existing OGC
standards and proposed new services. Figure 7 depicts the relevant services in the
context of an exemplary architecture. In the following, we briefly explain the four new
services and modifications to existing services and data models:

Geovisualization Process Service This service computes an output map-like visual
representation from the input visualization requirements and references to geodata
sources. The formalized visualization requirements include information on the applica-
tion area, the real world area to be visualized and characteristics of the output medium.
The service transforms the requirements into an internal visualization specification. It
implements an orchestration of processing services and acts as a facade to these ser-
vices. The orchestration is affected by the visualization specification. A reference to
geodata is expressed as a reference to an instance of a WFS, WCS or WMS with an
optional filter expression.
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Figure 7: Exemplary architecture of a service-oriented subsystem utilizing existing and
newly proposed services that implements a process for the on-the-fly integration, gen-
eralization and portrayal of map-like 2D and 3D visual representations.

Compatibility Validation Service This service computes from the input validation
criteria and references to geodata sources if the referenced geodata sets are valid and
homogeneous. The validation can be performed on the syntactic level (e.g., CRS must
be the same or compatible, different geodata sets must spatially overlap, check if spatial
overlap of objects is plausible), on the semantic level (e.g., all geodata objects have a
type and this type is known and understood) and on the pragmatic level (e.g., intended
application areas of the geodata sets are compatible, geodata sets are still marked
as valid, quality and resolution is sufficient). This service implements the selection
operator.

Integration Service This service computes an output integrated, homogeneous geo-
data set from the input integration specification and references to geodata sources. If
the referenced geodata sets cannot be homogenized, the service throws an exception
or returns undefined results. The output geodata set can either be written to a set of
specified geodata storage services (e.g., transactional WFS and WCS) or kept in lo-
cal storages for direct retrieval by other services. The implementation of this service
and the Compatibility Validation Service might be based on ontologies. This service
implements the selection, transformation and join operators.

Generalization Service This service computes an output generalized geodata set
and a SLD visualization specification from the input generalization specification and
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references to homogeneous geodata sources. The output geodata sets and SLD can
either be written to a set of specified storage services or kept in local storages for
direct retrieval by other services. This service implements the generalization process
operator.

GML, Metadata, SLD The visualization specification SLD must be extended for 3D
and advanced styling techniques as discussed in section 5. The metadata specification
must be extended by additional as discussed in section 5.

WMS, W3DS, WPVS These services compute output 2D images or intermediate
vector representations from input geodata sets and a SLD visualization specification.
W3DS and WPVS must be extended to support the extended SLD. These services
implement the rendering operator.

The services mentioned above can be combined to implement various concrete
processes meeting different system requirements. For instance, a process is conceiv-
able for the on-the-fly compatibility validation, integration, generalization and portrayal
of map-like 2D and 3D visual representations. A variation of this process could use
WFS and WCS as storages to cache persistently homogenized and generalized geo-
data as they are computed for later reuse. This reuse could be for speeding up the
process. As another example, a different process could completely decouple the mass
generation of persistent generalizations and on-demand rendering of visual represen-
tations utilizing the precomputed data. This reuse could be for implementing focus and
context techniques based upon the persistent storage of different generalization levels
of the same geodata [15].

7 Summary and Future Work

In this paper, we addressed the design and implementation of standards-based sys-
tems that facilitate the automatic generation of effective map-like 2D and 3D visual
representations from heterogeneous geodata in a service-oriented infrastructure. We
identified basic requirements for such systems and identified concepts and methods
that support implementing such systems and discussed their strengths and weak-
nesses.

One important insight is that in general current proposals for portrayal, .i.e, WMS,
W3DS and WPVS, do not generate effective map-like visual representations if the input
geodata comes from different sources. Generating map-like representations demands
that the complex relationships between features are made explicit, analyzed and ad-
justed in order to meet the visualization requirements.

In Section 6, we outlined the high-level design of a geovisualization pipeline for
map-like visual representations. Several areas touched are still actively researched,
in particular the automated integration of heterogeneous geodata, automated gen-
eralization and 3D generalization. Further areas for future work include formalizing
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(a) Non-photorealistic, illustrative(b) Integration of labels into vir-(c) Multi-perspective views of vir-
visualization of 3D city models [8].tual 3D environments [28]. tual 3D landscape and city mod-
els [27].

Figure 8: Examples for advanced 3D styling techniques.

the visualization requirements and transforming them into a visualization specifica-
tion and investigating and integrating advanced styling techniques for 3D portrayal into
a service-oriented geovisualization infrastructure. Examples for promising advanced
styling techniques that can be utilized for generating effective map-like visual repre-
sentations but that are not yet integrated include the following (see Figure 8): non-
photorealistic, illustrative visualization of 3D city models [8], integration of labels into
virtual 3D environments [28] and multi-perspective views of virtual 3D landscape and
city models [27].
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