CS 480 Midterm Exam
0.) NAME:





Due 2015-10-25. Standard exam rules apply: your answers should be entirely your own work, except for (1) standard reference material such as the course homepage, textbooks, or wikipedia, and (2) the sources you explicitly cite.  Do NOT collaborate with classmates, other instructors, online tutors, etc.
1.) A customer would like you to 3D print a hollow float to go inside their lightweight kayak.  The shape is a regular cube that turns out to just barely fit inside your printer's build volume.  The float must clearly be watertight.

1.a.) Write the OpenSCAD for the float's geometry.  

1.b.) Assuming 1mm thick walls, how much will the float weigh?  How much water will it displace? 

1.c.) You will encounter a problem printing this object.  What problem?
2.) A ground robot shaped like a regular tetrahedron, with each edge 1 meter long, is navigating a room shaped like a perfect cube 10 meters on a side.
2.a.) Compute an explicit representation of this robot's legal configuration space, and show a 3D view of this representation here.
2.b.) What robot configuration does the point (0,0,0) represent in your coordinate system?

3.) At high speeds on smooth surfaces, a conventional car can slide sideways, which allows for unconventional maneuvers such as drifting or parallel parking into tight spaces.  This makes slides an interesting option for autonomous vehicle navigation, and handling slides safely will improve autonomous driving on Alaska's icy roads.
3.a.) What axes in the configuration space would you need in order to compute 2D path plans that include slides?
3.b.) How would you recommend exploring that configuration space to plan vehicle motions?

4.) Imagine a 2D robot arm with two joints: one joint in the shoulder, and one joint in the elbow.
4.a.) What else would you need to know in order to choose between RC servos, brushed DC motors with encoders, and stepper motors to power the joints?

4.b.) If the shoulder angle is S, and the elbow angle is E, the angle of the forearm is then simply S+E. What is the X coordinate of the tip of the forearm?
4.c.) Describe how a “greedy algorithm” would move the joints to put the tip of the forearm at X coordinate T.
4.d.) If the range of joint motion is limited due to the mechanical design of the arm or external obstacles, is a greedy algorithm sufficient for joint path planning?
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