October 18, 2006

        


       Name __________________

CS445 Exam 1

Fall  2006
	1.                   (max = 10)
	5.                   (max = 6)

	2.                   (max = 24)
	6.                   (max = 10)

	3.                   (max = 10)
	7.                   (max = 12)

	4.                   (max = 18)
	8.                   (max = 10)

	Final Score ________(max=100)


1) (10 pts) Discuss the meaning of and motivation for homogeneous coordinates.  







2) [image: image3.jpg]


(24 pts total) Suppose you are creating a program to model and control a robotic arm as shown below.  Each arm section has a length L and a width W.  The ground plane is a square with side of length s. The bottom arm section can rotate by angles 1 and as shown.  The upper section by 2 relative to the lower section (see picture).
a) (14 points) Draw the scene graph. Include all transformations that are required to 1) create both sections of the arm, and 2) position the arm based on the values of  1, 2 and .


Assume that you have access to a shape node that gives you a cube of side 1 that is centered at the origin.  Be specific about the transformations.  For example, if you scale, translate, or rotate, be sure to indicate the size of the transformation as well as the relevant axis (or axes).






b) (10 pts) Collision Detection: What calculations would be needed to make sure that 

i) the lower section of the arm does not go through the ground, and 
ii) the upper section does not go through the ground.    



3) (10 pts) Color Ramps:  Write a method 
                   public double[] ramp(double h) 
that defines a color ramp. Assume h is a number between 0 and 10. The method returns an array of length 3 containing the three color components {r, g, b}.   The color returned should be red when h=0 and blue when h=10. For h values in-between the above, the colors should be linearly interpolated.  

public double[] ramp(double h) {














}









4) (6 pts each, 18 pts total) 2D Transforms: Write down the 3x3 matrix  transform (or sequence of matrix  transforms )  needed to perform each of the following transformations. Use homogeneous coordinates. If more than one matrix is needed, make sure the order of multiplication is clear. You do not need to multiply the matrices out. You also do not need to numerically evaluate any trig  functions. Also give the inverse, if one exists.
a) Scale by 10 along a 30 degree angle.






Inverse:








b) Rotate by 10 degrees about the point (-1,5).







Inverse:







Shear along x by an amount equal to twice y.






Inverse:

5) (6 pts) What is the determinant of the following matrix (2D transform in homogeneous coordinates)?  What does the value of the determinant tell you about the transformation?
A  = 
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                        det(A) = ___________________















6) (10 pts total) Lighting: Give mathematical equation of the diffuse component of the light intensity in the Phong reflection model.  Be sure to define all of the constants and variables that are used in the equation.  Include a picture and label the relevant parts.  
7) (12 pts total) A little geometry.

a) (3 pt) If the dot product of two 3D vectors (v1, and v2) is zero, what does it tell you?   Give an example of actual values for v1, and v2 (v1,≠ v2) which demonstrate this. 












b) (3 pts) If the cross product of two 3D vectors (v1, and v2) is zero, what does it tell you? Give an example of actual values for v1, and v2 (v1,≠ v2) which demonstrate this.








c) (3 pts) If the cross product of two 3D vectors (v1, and v2) points completely in the z-direction, what does it tell you about v1, and v2? Give an example of actual values for v1, and v2 (v1,≠ v2) which demonstrate this. 







d) (3 pts) What is the cross product of (1, 2, -1) and (4, -2,  5)?







8) (10 pts) Computing Normals: The surface called Whitney’s Umbrella can be defined parametrically as  
                                   x = uv,    y = u,    z = v2

 where u and v are two real-valued parameters.  What is the normal to this surface?
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