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Answer THREE questions.

SOLUTIONS
Question 1
This question is about 2D scattered data visualization for which Delaunay triangulation is important concept.  In first part students have to demonstrate they can construct a tessellation; and in second part, turn it into a triangulation. In the third part they need to do a simple calculation to demonstrate they can use it for contouring. The final part was not covered in lectures and aims to explore the depth of their understanding.

a) The diagram below shows the Dirichlet tessellation of three points, A, B, C, in a plane.  Describe with the aid of a diagram (or series of diagrams) the construction of the Dirichlet tessellation of the four points, A, B, C, D.  

[6 marks]


[image: image1]
The answer should describe the following steps:

· Identify the region in which D lies (namely, region surrounding B at present) (1 mark)
· Draw perpendicular bisector of BD and extend to boundary of region surrounding B (1 mark)
· At boundary with C, continue line as perpendicular bisector of CD (1 mark)
· At boundary with A, continue line as perpendicular bisector of AD (1 mark)
· This gives new tessellation – erase lines from former tessellation which are now within region surrounding D (1 mark) {plus 1 mark for clarity of final diagram}
Initial setup:
[image: image2.png]



After point added:
[image: image3.png]



b) In a separate diagram, show the Delaunay triangulation of the four points and explain how you constructed it from the tessellation. What important property does the Delaunay triangulation possess?
[5 marks]

The triangulation is constructed by joining points which share a common edge in the tessellation. Thus B and D are connected, while A and C are not.  (2 marks, plus 1 mark for clarity of diagram) There are at least two important properties that would gain 2 marks: circumcircle of any triangle does not contain any other point; the triangles have property of being as close to equiangular as possible, ie long thin triangles avoided. (2 marks)
[image: image4.png]



c) Explain why the Delaunay triangulation is a useful tool in contour drawing from scattered data.  Suppose the values at the four points are as follows:
	A
	B
	C
	D

	-3
	5
	2
	-1


Draw an estimate of the contour line for the value zero.
[4 marks]

If the data points are triangulated, we can create linear interpolant over each triangle.  The Delaunay triangulation generates ‘well-shaped’ triangles which aids the accuracy of the interpolation. These are easily contoured with straight lines. (2 marks) This requires a drawing such as (2 marks)
[image: image5.png]



d) Can you suggest how the Dirichlet tessellation might extend to a set of points in 3D space?  How would you use this tessellation to create a corresponding set of tetrahedrons (ie a 3d Delaunay triangulation)?
[5 marks]

The tessellation concept extends naturally to 3D. Rather than a set of lines dividing the space into regions ‘closest’ to a point, we now have a set of planes, again constructed as perpendicular bisectors (3 marks).  To form the tetrahedrons, we connect points whose regions share a common boundary plane (2 marks).
Question 2

This question deals with 3D scalar visualization.  It begins with a fairly simple part on isosurfacing which should have been learned from lectures.  The second part requires them to demonstrate their understanding by constructing some simple isosurface cases, and tests their appreciation of the way ambiguities can occur.  The final part tests their understanding of one part of the volume rendering process.
a) Isosurfacing is a fundamental technique for 3D scalar visualization.  Describe concisely the steps in the original marching cubes algorithm, mentioning any assumptions made in creating the surface.
[7 marks]

The steps are as follows:

· classify each vertex as either greater or less than threshold (or assume threshold of zero and classify as positive or negative) (1 mark)
· this gives 256 different possible situations (1 mark)
· identify which edges of the cube are intersected by the surface, on assumption of linear behaviour along edges (2 marks)
· from a table, read off which of 15 canonical configurations applies (1 mark)
· use the triangulation information from that canonical configuration to build the interior surface – this is done in a simplistic manner without reflecting the trilinear interpolant (or any other interpolant) in the interior (2 marks)
b) The three diagrams below show one cube, with the values at the vertices indicated as black, solid circles if positive, and unfilled circles if negative.  For each case, sketch an estimate of the zero-valued isosurface in the interior of the cube, using only triangles.  If there are different possible topologies in any case, draw these as separate diagrams and explain how an algorithm would select between the different possibilities.
[8 marks]


[image: image6]
First case just has one possibility, as follows (2 marks):
[image: image7.png]



Second case has two possibilities (choose on basis of behaviour of bilinear interpolant on ambiguous face – left hand case the saddlepoint of bilinear is negative; in right hand case it is positive). (3 marks):

[image: image8.png]



Third case also has two possibilities (choose on basis of behaviour of trilinear interpolant in interior – left hand case if body saddle point is negative; right hand case if positive; body saddle is where all 3 partial derives are zero) (3 marks) :

[image: image9.png]



c) Volume rendering is another important technique for 3D scalar visualization, in which the data is modelled as a substance with varying opacity.  For medical applications, where it is crucial to highlight boundaries between different tissues, explain how the classification process of assigning opacity values to data values is carried out.  
[5 marks]

The classification process assigns a particular opacity value to the data value (eg CT values) which corresponds to a particular tissue type.  For example, opacity of 0.25 might be assigned to CT value of 100 which corresponds to soft tissue.  A linear interpolant is used between the set of given correspondences.  However the opacity value used in practice is the product of the value calculated in the above process, and the gradient of the data (so that interfaces where gradient is high are picked out). (5 marks)
Question 3

This question is about flow visualization.  The first part requires an understanding of material presented in the lectures.  The second part requires the students to demonstrate their understanding through doing a simple calculation; it stretches them a little because it requires a negative time step which we did not discuss in lectures.  The final part allows them to express their understanding of good visualization practice.
a) Line integral convolution, or LIC, is an increasingly popular flow visualization technique.  Describe the appearance of a LIC visualization, explain how it is computed and indicate the applications for which it is appropriate?  What experimental visualization technique does it correspond to?

[8 marks]

LIC is an image-based technique and its appearance is a texture-like effect, where the texture depicts the direction of flow at any point (2 marks). It is computed by convolution of random noise with the streamlines of the flow. (1 mark)  In simplistic terms, we start with an image which is just noise; at any pixel, we replace the value of the intensity with a new value which is computed as an average of a set of pixels from the noise image, this set being composed of a number of pixels on the streamline through the given pixel, in both forwards and backwards directions.  This process tends to correlate along streamlines, hence the effect produced shows the flow direction. (3 marks)  It is applicable to 2D flow applications, or surface flow applications (such as flow over aircraft fuselage).(1 mark)  It corresponds to wind tunnel experiments where surface is coated with oil and paint – as wind dries the oil, the paint is smeared into an effect which illustrates the flow. (1 mark)

b) Consider the following 2D flow visualization data: the velocity V(x,y) at the four corners of the unit square are as follows:

V(0,0) = (-1,1); V(1,0) = (3,1); V(1,1) = (-1,-2); V(0,1) = (1,2)

where we express the velocity as a vector of two components, the first giving the velocity component in the x-direction, and the second the velocity component in the y-direction.  Thus in the above, ‘V(0,0) = (-1,1)’ means that the velocity at the point (0,0) has x-component of -1, and y-component of +1.  Suppose a particle after 1 second is at the centre of the unit square. Estimate where it started from, making clear any assumptions you are making in your calculations.  Explain any apparent anomaly in your answer.
[8 marks]
The velocity at the centre can be estimated (assuming bilinear interpolation – 1 mark) as the average of the values at the corners – that is (0.5, 0.5).  (2 marks).  Assume we can use a time step of -1.0 (1 mark), we can use Euler’s Method to calculate the starting point as:

Xstart = Xcurrent + (timestep)*(x-velocity) = 0.5 + (-1.0)*(0.5) = 0.0
Ystart = Ycurrent + (timestep)*(y-velocity) = 0.5 + (-1.0)*(0.5) = 0.0 

(2 marks)

The anomaly is that if one integrated forward from (0,0) then one would reach a totally different point after 1 second (namely, (-1,1)). This illustrates the error associated with Euler’s method (or possibly in addition an interpolation error).(2 marks)
c) In drawing streamlines, describe two ways in which you could convey the speed of the flow, assessing strengths and weaknesses of your two suggestions.

[4 marks]

There is no single correct answer here.  Possibilities are:

· use colour to indicate speed… this is easily interpreted by most people if  a colour legend is attached, but it does not reproduce on a black and white printer so well (2 marks)

· use line thickness to indicate speed .. this reproduces OK on black and white printers, but thick lines cannot show the fine detail of flow in complex regions (2 marks)

Question 4

This question addresses Information Visualization.  Part (a) is divided into four questions on the focus+context problem; the first three are fairly straightforward, the final part is intended to make the students think, and in particular relate what they have learned in one part of the module to another part.  Part (b) is a test of their ability to apply visualization design principles to a practical problem.
i) Explain what is meant by the ‘Focus + Context’ problem in Information Visualization.  

[2 marks]

The problem is how to provide a close-up on the detail that one is particularly interested in (focus), without losing the overall relationship between the items in the dataset (context). (2 marks)
ii)    How does the bifocal display address the ‘Focus+Context’ problem?

[2 marks]

The screen is divided into regions where different magnifications are applied.  A high level is applied in the focus region; a low level is applied to the rest of the data providing the context. (2 marks)

iii)   How can the visual discontinuity associated with the bifocal lens be improved?

[2 marks]

This can be done by having a gradual change in magnification level (ie continuous rather than discrete change), as can be provided by a fish-eye lens. (2 marks)

iv)    Suggest two ways in which the bifocal display concept could be applied to isosurface visualizations in Scientific Visualization.

[4 marks]

One possibility is to define a 3D focus region, with  two levels of magnification applied to the 3D grid of points; the normal isosurface algorithm can then be applied to this distorted grid (2 marks). The other possibility is to leave the grid undistorted, and generate a 2D view of the isosurface from a given viewpoint; within the 2D image, we could  select a focus region for magnification (2 marks).

a) You are asked to design a 2D glyph that will indicate for an air traffic control display the following attributes of an aircraft: speed, direction of flight, height, fuel remaining, proximity of other aircraft.  Do a prototype design, and then give a critical appraisal of your visualization design.  Following your critical appraisal, describe how you would improve your prototype.
[10 marks]

Here is a possible answer (I am sure students can do at least as well!):
[image: image10.png]Speed = arrow length
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(5 marks for a feasible glyph)

This has advantages such as clarity and ease of interpretation  (eg fuel left is intuitive, direction is intuitive). Any aircraft close to each other are drawn large to attract attention.  Disadvantages are that the large icons may obscure each other (disastrous!) unless some transparent effect is used.  (3 marks for analysis) Following my analysis, I suggest that fuel left is not shaded so that overlapping glyphs are not obscured. (2 marks for improvement)
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