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The server-side, service-oriented rendering of massive 3D geovirtual environments
(3DGeoVEs) has the potential to enable users with lightweight clients to access high
quality, image-based visual representations of the environments without having to down-
load massive amounts of geodata. Image post-processing (IPP) is a well-known con-
cept that allows for decoupling the process of generating an image from applying en-
hancement processes to already generated images. Moreover, several visual effects
are implemented most efficiently and effectively as image post-processes. However, so
far no proposals exist for providing image post-processing of 2D images of projective
views of visual representations of 3DGeoVE in a SOA and based on standards.

In this paper, we investigate how IPP functionality and the functionality of styling of
visual representations of 3DGeoVE based on IPP can be provided in a SOA based on
standards. First, we introduce the concepts of IPP and styling. Then, we present an
analysis of different characteristics of styling and IPP and design dimensions relevant
when building a system for styling and IPP. From the analysis, we derive a set of re-
quirements for a concept and system providing IPP and styling functionality based on
IPP. We present a preliminary concept for a system meeting the identified requirements
and report on initial implementation and evaluation results.

1 Introduction

The server-side, service-oriented rendering of massive 3D geovirtual environments
(3DGeoVEs) has the potential to enable users with lightweight clients to access high
quality, image-based visual representations of the environments without having to down-
load massive amounts of geodata. Image post-processing (IPP) [2] is a well-known
concept that allows for decoupling the process of generating an image from applying
enhancement processes to already generated images. Moreover, several visual effects
are implemented most efficiently and effectively as image post-processes. In a service-
oriented architecture (SOA), providing the functionality of image post-processors as
dedicated, loosely coupled services as an application of the principle of separation
of concerns offers several advantages. These services easily can be reused and re-
composed with further services to form different distributed applications, the increased
modularity has the potential to improve the maintainability and flexibility of the resulting
systems, and existing applications and services can be extended to take advantage
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of image post-processing functionality without having to implement the functionality
themselves. Providing this functionality based on open standards such as approved
by the W3C and the Open Geospatial Consortium (OGC) [7]) facilitates building effec-
tive, open and interoperable systems. However, so far no proposals exist for providing
image post-processing of 2D images of projective views of visual representations of
3DGeoVE in a SOA and based on standards.

In this paper, we investigate how IPP functionality and the functionality of styling of
visual representations of 3DGeoVE based on IPP can be provided in a SOA based on
standards. First, we introduce the concepts of IPP and styling. Then, we present an
analysis of different characteristics of styling and IPP and design dimensions relevant
when building a system for styling and IPP. From the analysis, we derive a set of re-
quirements for a concept and system providing IPP and styling functionality based on
IPP. We present a preliminary concept for a system meeting the identified requirements
and report on initial implementation and evaluation results.

This paper is structured as follows. In Section 2, we introduce the fundamentals of
IPP and styling. We present an analysis of characteristics and design dimensions of
IPP and styling and a set of derived requirements in Section 3. The preliminary design
of the concept is presented in Section 4, initial implementation and evaluation results
in Section 5. Section 6 concludes this paper with a summary, conclusions and next
steps.

2 Fundamentals

2.1 Image Post-Processing

Digital image processing encompasses processes whose inputs and outputs are im-
ages and, in addition, encompasses processes that extract attributes from images,
up to and including the recognition of individual objects [9]. In the context of com-
puter graphics, performing image processing after rendering is called image post-
processing (IPP) [2]. We define IPP effect as a unit of image post-processing with
a specific functionality and purpose. IPP effects can be efficiently implemented on
current graphics processing units (GPUs) [2]. The concept of IPP can be applied for
different applications. In this paper, we focus on the use of IPP for styling 2D images of
projective views of 3DGeoVE. On the contrary, in general, styling can be implemented
without the use of IPP.

As input and output for IPP, 2D images representing G-buffer [23] can be used. For a
projective view of a visual representation of a 3DGeoVE, a G-buffer encodes per pixel
a specific type of information such as color, depth, normal, and material properties.
Figure 1 depicts example G-buffer containing different, exemplary types of information.

In this context, several characteristics and benefits of IPP are important. IPP al-
lows for decoupling the process of generating an image from applying enhancement
processes to already generated images. Moreover, several visual effects are imple-
mented most efficiently and effectively as image post-processes. The complexity of
representing a perspective view in an image and applying IPP to the image depends
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Figure 1: Examples of different types of information encoded per pixel in a G-buffer:
(a) depth, (b) normal, (c) albedo (color texture), (d) ambient lighting, (e) diffuse lighting,
(f) specular lighting, (g) object ID, (h) colorCode (encoding semantics of objects with a
color), (k) shadowMap (depth of scene as seen from a light source), and (i) projective
texture (a texture to be applied to the scene via projective texturing).
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