Written Assignment #3
15-462 Computer Graphics, Fall 2008
DUE:  Tuesday, November 25, just before class
(6 problems, 105 points total)
The work must be your own.  Please use any resources available to you (the book, the web, etc.), but write up the answers in your own words.  Please show your work, explaining all of the steps.  Also please cite any external references you use (other than the textbook) to come up with your answers.
1. (20 points) Spectral Radiance.  I have made the argument in class that if we take enough photographs, we can construct a representation of spectral radiance over our entire environment, and can then use this representation of spectral radiance to create a picture of our environment from any camera viewpoint, with any camera settings.  Essentially, with each photograph we take, we are capturing a subset of all light rays passing through our environment.  If we capture *all* light rays, we know the spectral radiance everywhere.  

We have seen this idea used in class for construction of an environment map by taking photographs of a mirrored ball.  However, this idea is not widely used for general scenes, and for this question, I want you to think about why that is true.

Explain four *different* circumstances (e.g., four different types of scenes) where an algorithm for capturing a complete representation of spectral radiance from photographs will be difficult to implement in practice.  Your answer will be scored in part by how diverse your examples are.
2. (20 points) Ray Tracing.  You have a sphere at position [a b c] with radius r.  You are casting a ray e+dt, where t is the parameter of the ray, e is the eye point, and d is the direction.  
a. (10 points) Find the first point of intersection with the sphere.  Give *all* possible cases.
b. (5 points) Write the reflection ray in parametric form.
c. (5 points) Consider the case where there is a single intersection with the sphere.
i. Draw a diagram of this situation using the parameters defined for this question.
ii. What is the value of t in this case? 
iii. Derive t geometrically based on your diagram and show that it equals the value for t that you obtain from your calculations in part a.
3. (25 points) Hierarchical Data Structures.    You have the KD-tree shown in the diagram below.







a. (5 points) Draw a diagram that shows the splitting planes, i.e., that shows how the KD-tree divides up space.  Label your splitting planes in the diagram.
b. (5 points) Given an eye point e and direction d, how do you determine which branch to take first from the root of the tree?  In some cases (e.g., when the ray does not intersect some part of the space), one branch will not be taken at all.  Your answer should account for these cases.
c. (5 points) Now consider each of the children.  How do you determine the order of tree traversal in each case?  Again, sometimes only a single branch will be taken, and your answer should account for these cases.
d. (5 points) Given eye point [5 0] and direction [-1 1], give the tests performed and the final order of tree traversal assuming no intersections are identified.  Your algorithm should be efficient and not test any regions that are not intersected by the ray.  Use this example to check your answers to parts b and c.
e. (5 points) Given eye point [2 0] and direction [-1 -1], give the tests performed and the final order of tree traversal as above.
4. (10 points) Environment Maps.

a. (5 points) We have discussed in class how to create specular reflections using an environment map.  You may even be using this idea in your ray tracer.  However, you can also light a diffuse surface using an environment map, and some of Paul Debevec’s results shown in class illustrate the results of lighting diffuse surfaces in this way.  What is he doing?  How might you light a diffuse surface using an environment map?
b. (5 points) If you take a single photograph of a mirrored ball, you capture light from what directions?  Assume a camera at the height of the mirrored ball and pointed directly at the ball's center.  Draw an overhead view of this situation and trace light rays to illustrate your answer.
5. (20 points) Radiosity.  For each of the effects listed below, does the radiosity algorithm capture this effect?  Explain why or why not.
a. specular highlights
b. color bleeding
c. the smooth shading that makes a sphere appear round and not flat
d. mirror reflections
e. ambient glow due to light bouncing off multiple surfaces
6. (10 points) Photon Mapping.  For each effect that cannot be captured using radiosity, explain how it could be captured using photon mapping.
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