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1. a. Briefly describe each of the four stages of the data visualization pipeline: data 

generation, pre-processing (filtering), mapping, and rendering. (4) 
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 b. In the above figure a hierarchical structure is shown as a tree diagram, in which the 

nodes are marked as capital letters, with an attached number (e.g. file size). Show how 
this structure can also be visualized as a treemap. (3) 

 c. Given are data points P1 … P4, the corner points of a 2D rectangular grid cell. The 
corresponding data values are: d1 = 80, d2 = 48, d3 = 64 and d4 = 32. A point P lies 

inside the cell with relative coordinates α = 
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, and β = 
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4
. Determine the data value d 

at P, using bilinear interpolation. (3) 
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2. a. There are three types of cones on the retina of the eye. Make a drawing or describe how 
these three types of cones are distributed on the surface of the retina. Give two tips 
about the proper use of colors in computer images which result from this distribution. (4) 

 b. The CIE XYZ color model uses the three primary colors X, Y and Z. In the CIE xy 
chromaticity diagram colors are drawn in a 2D xy coordinate system. How (with which 
formulas) can an XYZ color be transformed to xy in the chromaticity diagram? (3) 

 c. xy CIE colors can be transformed to u’v’ CIE 1976 UCS colors. What is the main property 
of the u’v’ CIE 1976 UCS colors that makes them more suitable in certain applications 
than xy CIE colors? Describe the meaning of this property and give an example situation 
where we profit from this property. (3) 

 
3. a. What is the essential difference between surface fitting methods (SF) and direct volume 

rendering methods (DVR) for visualization of a volume data set? Is the Splatting 
algorithm an SF or a DVR method? Is the Marching Cubes algorithm an SF or a DVR 
method? Is Volume Ray Casting a SF or a DVR method? (4) 

 b. What is a transfer function in Volume Ray Casting? What is mapped on what? Which 
visual effects can be the result of changing the transfer function? (3) 

 c. Describe the color compositing step in Volume Ray Casting. (3) 
 
4. a. Briefly describe the procedure for virtual colonoscopy (the medical visualisation pipeline 

can be helpful in this explanation), and explain why it would be preferable over 
traditional optical colonoscopy. (3) 

 b. The wall of the colon has many tissue folds, which makes it difficult to examine the 
complete inner surface during a virtual colonoscopy (parts are missed). Explain why this 
is a (medical)  problem. Describe a (technical) solution to this problem: You have to 
correctly describe the solution and explain how it addresses the problem. (3) 

 c. How is an image affected after it has been convolved with a Gaussian kernel with a 
standard deviation of 1 pixel?  What would the difference be if the initial image were 
convolved with a Gaussian kernel with a standard deviation of 2 pixels? (2) 

 d. Name one way of calculating the gradient image. (2) 
 

5. a.  What is the difference between a stationary (steady) and an instationary (unsteady) 
velocity field? How are unsteady velocity fields defined on a grid represented? (3) 

 b. A stationary velocity field V is defined on a regular rectangular (Cartesian) grid. Briefly 
describe the three-step procedure for the calculation of a particle path in V, from a 
specified starting point P0. Give a technique for each of the three steps. (4) 

 c.  Define the concept of a streak line in an unsteady velocity field. Describe how a streak 
line through a point P0 is determined, using the procedure for particle path calculation. 
(3) 
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6. a. What is the main characteristic of a shock wave in a flow field? Give a simple method for 
detection and visualization of shock waves. (3) 

 b. What are critical points in a vector field? How can we classify different types of critical 
points? Give one example in a 2D vector field. (3) 

 c. What is tracking in virtual reality (VR)? How can tracking of the head and the hand of the 
user be employed in a VR application? (4) 

 

 

 

End of examination 


