Written Assignment #2
15-462 Computer Graphics, Fall 2008
DUE:  Thursday, October 16, just before class
(4 problems, 76 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)  Mesh Simplification.  In some cases, such as when a shape is obtained through laser scanning, we may have far more vertices in our resulting mesh than are required to capture the visual appearance of a shape.  In cases such as this, mesh simplification algorithms are of great importance for creating a mesh that is easy to store and edit, yet has an appearance very similar to the original.  We will consider here the analogous problem when we have available an overly complex 2D mesh.  For example, suppose we have a very detailed dataset containing the boundaries of a state or country, and we wish to create a simplified outline of the state or country.  One simple algorithm for mesh simplification is to iteratively remove the vertex whose removal results in the smallest amount of error (i.e., the smallest difference from the original shape).  Consider a closed 2D mesh with vertices at some set of 5 ordered points a, b, c, d, and e.  (For example, consider the closed, convex 2D polygon formed from points [1 0] [5 0] [4 3] [1 5] [0 2].)
a. (6 points) Suppose that error is measured as the area lost by removing a vertex.  Compute the error that would result from removing vertex d.  You should compute this value symbolically using parameters a, b, c, d, and e, along with operations such as addition, subtraction, magnitude, and dot products.  You do not need to plug in actual numerical values for this problem.  Show all of your work.
b. (4 points) Give pseudocode for a vertex simplification algorithm using this technique.
c. (2 points) What data structure would you use to store the mesh?  Justify your answer based on your pseudocode.

d. (4 points) How could you improve this vertex simplification algorithm to reduce error?  Try to design an algorithm that will work in as many cases as possible (convex vertices, concave vertices, extremely odd shapes, …).  Explain in exactly what way your algorithm is an improvement over the original.
e. (4 points) Can you give a better error metric than lost area?  Sketch and explain a circumstance where your error metric is clearly better.
2. (20 points)  Curves.  A quadratic Bezier curve is expressed as follows:  

(1-t)2 p0 + 2t(1-t) p1 + t2 p2
a. (2 points) Write this expression in matrix form, using both the parameter vector [1  t  t2] and the control point vector [p0  p1  p2]  as factors.

b. (2 points) What is the geometry matrix for quadratic Bezier curves?
c. (2 points) What are the blend functions for quadratic Bezier curves?
d. (2 points) Does the curve interpolate any of its control points?  If so, which ones?  Give evidence to show that your answer is correct.

e. Suppose we fit together three quadratic Bezier curves defined by control points  [p0  p1  p2],  [p3  p4  p5],  and [p6  p7  p8].
i. (2 points) Can we guarantee C0 continuity at the join points?  If so, how? If not, prove it.
ii. (2 points) Can we guarantee C1 continuity at the join points?  If so, how? If not, prove it.  Note that C1 continuity also implies C0 continuity as well.
iii. (2 points) Can we guarantee C2 continuity at the join points?  If so, how? If not, prove it.  Note that C2 continuity also implies both C0 and C1 continuity.
f. (2 points) Suppose an artist wants to interpolate a given set of control points.   What problems might arise when joining them with quadratic Bezier splines having C1 continuity at the join point?
g. (2 points) Suppose an artist wants to interpolate a given set of control points.   What problems might arise when joining them with quadratic Bezier splines having C2 continuity at the join point?

h. (2 points) What advantage(s) would cubic Bezier splines offer an artist over quadratic bezier splines?
3. (14 points) The Phong Illumination Model.  You have a scene lit with a single spotlight.  Draw a sketch showing this spotlight, the eye point (camera), and a point p at which we would like to compute the color. 
a. (4 points) Give the expression for the intensity of the specular reflection due to this spotlight.
b. (6 points) List, define, and sketch into the figure all parameters that are needed for the computation (and only the parameters that are needed).  One example is kd, the reflection coefficient of the material at p.
c. (2 points) What parameters in your equation are properties of the material?
d. (2 points) Which parameters in your equation are properties of the light source?
4. (22 points) Transforms.   Suppose you have a model of a house, located at the origin.  Give the (4x4) transformation matrix to:
a. (4 points) Scale the house to twice its height.  (The y-axis is vertical.)
b. (4 points) Move the house 10 units in the x-direction.

c. (4 points) Rotate the house by 90 degrees about the y-axis.
d. (4 points) Relocate the house to accomplish the following goals simultaneously.  Your transformation should not scale or shear the house:
i. A point originally at the origin should be moved to point [3 3 2], and

ii. vectors that were originally parallel to the x-axis should be transformed to lie along the direction [1 -1 1], and 
iii. vectors that were originally vertical (parallel to the y-vector) should remain as vertical as possible (i.e., as much in the y-direction as possible).  
e. (2 points) Point [1  0  0] should map to what point after the transformation computed for part d?

f. (2 points) Point [0  1  0] should map to what point after the transformation computed for part d?
g. (2 points) Use your answers to e and f to check your answer to d.



























































































































