Last four digits of ID ______


Name:_______________________

Advanced Graphics

Spring 2002

Final Exam

Professor Brogan


This test is open book, notes, library, and internet.  No discussing with others.  

You may pick up the test any time during the week of May 6th, 2002.  You must turn in the test within 24 hours of starting.  Return the test by sliding it under Professor Brogan’s office door (Olsson 217).  You must return the test no later than Friday at 5:00 p.m.

All questions are worth equal points.  I’ve tried to leave what I feel is appropriate space for handwritten answers.
1) What are the optimal values of a, b, and c in:
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Optimality is measured by minimizing the sum of vertical distances between M sample points, (xi, yi), and f(x): 
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.  Show your work.

a = 

b = 

c = 

2) Find the first three iterations of the Newton-Raphson method for the equation:
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x0 = 0.5;

x1 =

x2 = 

x3 =

3) Provide a graphical demonstration of how the algorithm works by drawing lines that indicate the solutions for x1 and x2.
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4) What is a hyperplane?

5) You’ve been hired to build a subdermal (beneath the skin) animation plugin for Maya.  The directors want to see the bulges in a snake’s body as it swallows some food.  The plugin accepts the definition of the snake as a set of vertices and faces connected by the faces.  How would you use an FFD to build this plugin?

6) What role do equations 3.39-3.41 from the Parent textbook play in the animation process?

7) What equations play an equivalent role in the Beier-Neely Image Morphing paper?

8) What does the word redundancy mean in the context of articulated figures?

9) [counts as three questions] We have a three-link articulated robot arm with three joints that operates in a plane.  The kinematic equation is: 
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, the joint angles and position of the end effector.  

a) Draw a configurations of this robot arm and example reaching tasks that demonstrate underconstrained and overconstrained. 

Underconstrained: 



Overconstrained:

b) Write a generic version of the Jacobian matrix we would compute to solve inverse kinematic problems of the form: 
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c) Draw an example configuration of the robot arm reaching task that would generate a singularity.  In the context of inverse Jacobian solution techniques, why is this a singularity?

10) We have frequently discussed how important it is to set the time step of our physical simulations correctly.  The Jacobian-based inverse kinematics algorithms also have an important step factor.  What is it and what happens if it is too large or too small?

11) We have discussed lots of search, or optimization, problems where we need to determine a set of parameters, 
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, that provide a desired solution (min, max, f(x) = 0).  For each of the following methods, list all properties that apply and feel free to add a comment if you think a clarification is useful.

Properties:
a) derivative, f’(x), is required


b) f(x) must be locally smooth


c) finds global min on solution spaces with many local mins


d) capitalizes on good solutions being near other good solutions


e) guaranteed to produce optimal answer with infinite compute time


f) gets trapped in local minima

Gradient Descent:

Simulated Annealing:

Simplex Method:

Genetic Algorithms:

12) The Metropolis step is an important part of the simulated annealing algorithm.  What critical role does it play?  

13) In the context of accomplishing a search task (refer to choices from question 11), what role does mutation play in genetic algorithms?

14) When computing the total angular momentum of a 2-D rigid body, we made the substitution of 
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.  Explain how these two are equivalent.  Use pictures if appropriate.

15) What does the length four vector, , represent in terms of describing the angular velocity of a rigid body in three dimensions?

16) When given a current orientation in three space for a rigid body, A = 3x3 matrix, and the angular velocity, how can we compute a new value for A after dt seconds have passed (use Euler integration)?  Explain your steps.

17) The Continuation Method for computing a 2-D implicit surface seems to always be faster than a uniform subdivision sampling method.  For what situations would the Continuation Method not work well?

Papers:

18) In Spacetime Constraints, what are we solving for?  What are the constraints?

19) What addition to earlier L-systems implementations did Animation of Plant Development make?  Why is this useful?

20) What property of the input data must the user of the Automatic Joint Parameter Estimation from Magnetic Motion Capture Data system ensure in order to produce good results?  Why?

21) In Automated Learning of Muscle-Actuated Locomotion through Control Abstraction, the authors used simulated annealing to determine low- and high-level actions.  What are these low- and high-level actions?

22) What property of the physically simulated rigid bodies does Timewarp Rigid Body Simulation capitalize upon when speeding up computation times?

23) When reading the Deep-Water Animation and Rendering paper, we were surprised to see so many methods combined into one system.  If you could build one perfect water simulation system, what four physical qualities would it possess and why?

24) Given what you know about how Evolving Virtual Creatures builds characters from scratch, what do you believe you would have to do to make a character skilled after changing the viscosity (resistance to velocity) of the fluid?  Would the character work equally well in the new fluid?  Could it be adapted or would starting from scratch be faster?

25) The two non-photorealistic rendering (NPR) papers we read, Rendering for Animation and Real-Time Nonphotorealistic Rendering demonstrate that some techniques used by artists can be boiled down to algorithms.  For each paper, list one (or more) artistic principle it replicated and accentuated.  

26) Why did the authors of Video Textures have to create the D’ matrix?  What was it about the plain D matrix that was ineffective or inaccurate?

27) Many of the papers we’ve read this semester are riddled with tunable parameters that may not be realistic.  List two parameters of the Simulating Dynamical Features of Escape Panic paper that strike you as being questionable.
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