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Work for Week 5

Issued: Toesday, March 6
This handout contains

e Software Lab for March 6th
¢ Prelab exercises due Thursday March Sth before lab
¢ Post-lab exercises due Tuesday March 13th in Lecture.

Dynamic Feedback Control

In many of the labs so far, vou developed progressively more sophisticated approaches for measunng
the robot’s environment, as well as progressively more intelhgent approaches to controlling the
robot’s actions based on those measurements. In those labs, our pnimary goal was to have you
learn a httle about the robot as well as have you investigate some wdess 1n software engineening. In
this lab, we will also be wsing messurements to control the robot, also known as feedback control,
but we will be investigating a situation i which detailled analysis 15 needed to achieve a desired
performance. The problem we are asking you to mvestigate s how to control the robot so that it
drives down the center of a narrow corndor at a constant forward velocity. Such a task 13 similar
to what an automolale drver does when keeping a car on the road. We will sugpest a simple
feedback scheme to keep the robot i the center of cormdor, and ask you to develop and analyee
a mathematical model based on difference equations that explains the behavior of that simple
feedback system. In next week’s lab, you will use more sophisticated mathematical tools to develop
improvements to the simple feedback scheme sugpested 1n ths lab.

The summary of tasks for this week are:

s Post-lecture software lab on solving second order difference equations
# Pre-lab tutor exercises to practice solving difference equations

s [Robot lab on implementing and analyzing a simple feedback scheme
s Post-lab writeup and exercises due Tuesday o lecture.

Tuesday’s Software Lab: Solving second-order difference equations

For thiz lab, vou will be writing a python proeram that solves artutrary second-order homogeneous
difference equations analytically, by computing natural frequencies. Your program should take as
inputs the initial values x[l)] and x[1] as well as coefficients a) and as for the difference equation in
the form

y[n] =ar +yn — 1] + az »y[n — 2|.

Your program should print out the solution to the diference equation and also return a procedure
that, when called with n, returns y|n]. For example, if the difference equation is

yn] =2xyfn — 1] — 2= yn — 2],



and the initial conditions are y[0] = 0, y[1] = 1, your program should print something equivalent
Lo

y[nl = (2.775565756166e-017+0.6j)+(1-1j)**n + (-2.77555756156a-017-0.5j)*(1+1)**n

and your program should ALSO return a function which can be used to evaluate y[n| for any n.

Getting Started

To save time, vou should use our implementation of the polyvnomial mampulation program from
the recent post-lab exercises i vour second-order difference equation solver. Please downlosd
importPolynomaal py and polynomzal pye. Executing the module mportPolynomaal. py in IDLE wall
mmport our version of the polvnomal mampulation routines implemented in the dass Polynomal.
You can see the class interface by typing

help(Polynomial)

at the IDLE command hine. Note that the Polynomial class has lanetions to add, multiply, print
and find the roots of polynomals.

Demonstrate to your LA that you understand the Polynomal class. Then, before vou wnite any
codde, deseribe yvour approach to the difference equation solver to yvour LA

A note on complex numbers

For this problem, your procedure will sometimes need to compute =™ where z 158 a complex number.
Python understands complex numbers to some extent, but you have to wnte them 1in the form
i + by, where a 15 the real part and b 15 the imaginary part. Note that Python uses the convention
that § — —1. This should not surprise you, as entering EECS students, you already appreciate
that the variable 1 must be reserved for electneal current.

S0, for example, the Python command
(-4)**0.5
will produce an error, but the Python command

(-4+05)**0.5

produces (1. 2246063538223773e-016423). (Why the very small real part?)

Note: use y**0.5 to compute the square root of a number. The python sgrif) function does not
understand complex numbers.



Demonstrate that vour program works

Use your program to solve the difference equation
yn] =2xyfn — 1] — 2= yn — 2],

using the initial conditions y[0] = 0, y[1] = 1. Demonstrate to your LA that the program prints
the correct information and alkso returns the correet procedure.

Use yvour program to find difference equations with given properties
Use your program to find a difference equation whose solution oscillates rapadly, but the amphtude

of the osallation decays slowly. Use your program to find a difference equation whose solution
cacillates rapudly, but the amplhitude of the oscllation remains constant.

What to turn in
For this software lab, hand in a brief (few page) lab report along with your post-lab report on

March 13th. Also, hand 1n a copy of your carefully commented python code with an explanation,
written in actual Fnghah sentencea, of how and why 1t works.

Homework in preparation for Thursday’s lab

This section ncludes problems to complete with the online tutor. These are due before lab on
Thursday. The examples are to help yvou sohdify your understanding of difference equations.

Read the entire document!

Please read the entire soction on the lab before coming to lab.

Exercises with the online tutor

Use the onhne tutor to complete the problems due Thursday, March 8th.

Thursday’s Lab

Az we are sure you have come to expect, Thursday’s lab will end with a nano-quiz that 15 based
both on tutornal problems due on thursday, and on matenal covered this week. It should be no
great surprise that you will be asked a guestion about the solution to a diference equation. Please
keep in mind that the point of the quizzes B as a dispnostic for us (did we suecesd 1In teaching

you?) and to encourage you to do the tutorial problems before coming to lab and participate in
lab.



