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This test has five questions, all of equal weight. Do all of your work on these pages (using the back for scratch space), giving the answer in the space provided. This exam is closed book, but you are allowed one 8.5”x11” cheat sheet.  Please answer each of the questions concisely. In most cases, a single phrase or sentence will suffice.
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Question 1: Image Processing (20 points)
a) (5 points) What visual artifact is present with ordered dithering that disappears with a Floyd-Steinberg dither? Explain why the artifact disappears. 

b) (5 points) Consider the code snippet:

float x = 258.0f;
unsigned char y = x;
if (y < 0) y = 0;
if (y > 255) y = 255;

What is the final value of y?

c) (5 points) List two advantages of reverse mapping over forward mapping when sampling an image. 

d) (5 points) Describe two affine transformations that cannot be specified with a single control line for Beier-Neely morphing.
Question 2: Sampling (20 points)

a) (5 points) What artifact results from sampling a high-frequency signal with too few samples? 

b) (5 points) What are the two general strategies for eliminating the artifact in part (a)? 

c) (5 points) The ideal low-pass filter is a box filter in the frequency domain. In the spatial domain, it is called a sinc filter. What is a major problem with using the sinc filter in practice? 
d) (5 points) Give one strength of nearest-point sampling over Gaussian sampling. Give one strength of Gaussian sampling over nearest-point sampling.

Question 3: Ray-Tracing (20 points)

a) (5 points) Explain how hierarchical bounding volumes are used to accelerate a ray-tracer.  Name one advantage of using bounding spheres over bounding boxes. 

b) (5 points) What limitation of uniform (voxel) grid acceleration is addressed by the octree data-structure?

c) (10 points) Show the binary space partition (BSP) tree for the following scene (be sure to label the planes in the diagram).
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Question 4: Illumination (20 points)

a) (5 points) With the Phong model of illumination, what is the ambient term meant to approximate?

b) (5 points) Consider an object whose ambient color is red (100% red), emissive color is orange (100% red and 50% green), diffuse color is grey (50% white), and specular color is black.  If the ambient color in the scene is black and we have a single directional light source that is grey (50% white), can we calculate this object’s color? If so, what color is this object in this environment? If not, why not? 

c) (5 points) Give an example of a real-world, visual, phenomenon that can be described using Snell’s law. 
d) (5 points) A common alternative formulation of the specular term in the Phong lighting model is KS(H·N)n where H is the bisector of V and L (see diagram).  Show this is equivalent to the expression we learned in class at perfect mirror reflection (i.e., when R = V).
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Question 5: Transformations (20 points)

a) (5 points) List two advantages of using a scene-graph to represent a 3D scene instead of a flat list of primitives? 
b) (10 points) Consider the coordinate system E defined by the orthonormal axes e1, e2 and e3 shown in the diagram in relation to the world coordinate system W with the typical axes X Y and Z.  Derive the 4x4 matrix that transforms 3D points defined with respect to E into their representation in W.  Next, derive the inverse transform that maps points from W to E.
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c) (5 points) What is the handedness of the coordinate systems in part (b).













