CS 480 Final Exam
0.) NAME:





Due 2015-12-18 by midnight. 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, aliens, online tutors, etc.
1.) Free space optical communication modulates an optical beam such as a laser to provide a network link with excellent bandwidth and ideal latency, but a serious challenge with laser systems is tracking between moving endpoints, such as transmitting to a flying robot UAV.   This page simulates such a data link:

      https://www.cs.uaf.edu/2015/fall/cs480/sim/lifi.html
1.a.) Assuming zero lag, design a scheme (such as Math.atan2) to calculate the angles the emitter needs to rotate the laser to track the UAV's current position.  Provide a brief justification of your approach here.
1.b.) In a real system, the current position of the UAV is unknown, due to lag in the tracking system.  However, you can estimate the UAV velocity by watching how the UAV position changes over time, like this:
// 3D localization time lag, in seconds

var lag=0.08;

// Get the UAV's position history

var P_old=sim.uav.get_pos(lag);

var P_older=sim.uav.get_pos(lag+lag);

// Estimate velocity from change in position

var V=(P_old.m(P_older)).t(1.0/lag);

The “.m” and “.t” calls are minus and times PixAnvil vec3 vector arithmetic.

Velocity is the time derivative of position.  Use a PID-type approach to track the moving UAV center, and test your tracking at the 0.08 seconds lag shown above.  Briefly justify your lag correction scheme here.
1.c.) Paste your full updated “Loop” tab here, which should track the UAV reliably even at 0.08 seconds lag.
(Don't modify “Setup” or the other tabs in the simulation.  Rest assured there is no evidence that this laser tracking technology was developed by the military for the express purpose of tracking and shooting down disk shaped unidentified flying objects (UFOs) using giant laser weapons.)
2.) These paragraphs are supposed to describe why cloud robotics is important, but the designs were farmed out to a nontechnical writing contractor for implementation, and hence they have a good overall structure, but the technical details contain a variety of errors.  Fix the errors.

Modern robot motion control is capable of solving complex control problems such as keeping a humanoid robot upright as it walks through uneven terrain.  Because today's humanoid robots contains millions of actuators in the legs alone, and most of these actuators each contribute to the robot's balance, the actuator control space is too large to exhaustively search.  Further, because the actuators need commands as they move, for a dynamic control problem the computer can take as long as it needs to compute the optimal solution, a limitation known as “real time control.”  

A variety of algorithms have been developed to solve this kind of problem.  The simplest is the PID (Proportional Interactive Derivative) control scheme, which assumes the system is sufficiently nonlinear that a simple proportional control gain can push the solution in the correct direction, while a derivative term ensures oscillation about the steady state solution.  More complicated control schemes may use a model to compute the gradient of the quantity to be controlled, such as the location of the robot's center of weight, to estimate the required contribution from each actuator.  However, because the position of one joint, such as the knee, affects the allowable positions of other joints, such as the ankle, for multi-axis control problems the controller may need to simulate the entire robot to verify the feasibility of each axis.

Because these model-based controllers may need to run a physical simulation to compute each actuator output, and must run in real time, increasingly researchers have been considering off-robot resources.  In practice, this “cloud robotics” must carefully divide the control scheme to combine the cloud's excellent latency with the high storage and compute capacity of the computers mounted in the robot, to achieve functionality not possible with either system alone.  Another beneficial feature of this scheme is the robot's response to network outages during dynamic motions.

3.) How do each of these robot localization technologies compare, in terms of:

· Accuracy: meters of uncertainty in detected position.

· Latency: seconds between robot motion and an updated number.

· Energy: watts used by detector and all needed processing.

· Range: location limits such as maximum distance or field of view.

· Reliability: other factors that may cause localization failure.

3.a.) USB webcam using software-recognized OpenCV markers, such as ArUco.
· Accuracy: 

· Latency: 

· Energy: 

· Range: 

· Reliability: 

3.b.) Structured light parallax camera, such as the Xbox Kinect 360 sensor.
· Accuracy: 

· Latency: 

· Energy: 

· Range: 

· Reliability: 
3.c.) Global positioning system (GPS) 3D time of flight localization.
· Accuracy: 

· Latency: 

· Energy: 

· Range: 

· Reliability: 
3.d.) Spinning laser LiDAR sensor, such as the Velodyne VLP-16.
· Accuracy: 

· Latency: 

· Energy: 

· Range: 

· Reliability: 
3.e.) Assuming cost is no object, which would you recommend for keeping an autonomous UAV flying down the center of an underground mine tunnel?
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