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Navigation in virtual environments can benefit from the use of abstract or expressive rendering 
styles (also called "non-photorealistic rendering"). However, in most virtual environments today, 
high levels of realism are often required in many situations. In particular, novel, fast global 
illumination algorithms, such as [Ritschel08] can be used to present high quality illumination for 
such scenes. Imagery of such quality is often desirable in computer games or in urban simulations. 
There has been recent interest in “expressive” renderings for map-like views of cities in the context 
of the multiple virtual tourist applications such as GoogleMaps/GoogleEarth or VirtualEarth (e.g., 
[Grabler08]).  
 

  
Left: Realistic (direct lighting only) rendering and Right: pen-and-ink rendering (from [Coconu06] 
 
In previous work, little attention has been paid to defining continuous transitions from realistic 
rendering (potentially including global illumination), to more expressive or abstract styles which 
depend heavily on the task at hand.  In this thesis we will investigate how to achieve smooth and 
meaningful transitions between photorealistic illumination, including global illumination effects 
and expressive rendering styles, such as the Gooch NPR lighting model ([Gooch98]) or pen-and-
ink styles (e.g., [Coconu06]) or even watercolor. We will investigate how to maintain both spatial 
and temporal consistency when performing transitions between styles for various rendering 
elements.  We plan to start with realistic rendering with high-quality illumination and shadows, 
including those from indirect light, and move on to the treatment the colors and materials.  We 
expect that image analysis techniques recently introduced in computer graphics, such as the 
bilateral filter will be part of the tools used to achieve these goals. 
 
The input for this work will be both entirely synthetic models, using traditional textures, and also 
image-based models of facades of buildings for example. These models could include approaches 
which combined image-based and procedural methods. 
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To evaluate the success of these algorithms, we will concentrate on styles appropriate for 
navigation tasks in Virtual Environments.  This will include ``map-like'' abstract rendering styles 
when using a global ``map-view" of the environment, as well as styles which are appropriate for 
``first-person" viewing.  We will also investigate cases where hybrid styles are appropriate, for 
example using realistic rendering for landmarks, and abstract renderings for the less important parts 
of the scenes.  Navigation task performance will evaluated with user tests in appropriate situations. 
 

Requirements 
 
The successful candidate should have a Masters degree in Computer Science, and have preferably 
taken courses in computer graphics and have experience in computer graphics programming, with 
knowledge of OpenGL or DirectX, and some experience with shading languages such as 
GLSL/HLSL/Cg. 
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