
Professor Fearing EECS C128/ME C134 Problem Set 9 Fall 2010
Due at 10:00 am, Tues. Nov. 23 in homework box in 240 Cory Hall . Note: up to 2 students may
turn in a single writeup. Reading Lec 12, 13, FPE 7.7, 7.8.
Please note how long each problem required to complete.

1. (25 pts) Controllability and Observability
For the circuit below, input is voltage u(t), output is current y(t), states x1 = capacitor voltage,
and x2 = inductor current.
a) Write state and output equations for the circuit.
b) Find conditions for R1, R2, L1, C1 that make the system controllable and observable.
c) Interpret the conditions that make the system lose controllability or observability in terms of
the time constants of the system.
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2. (25 pts) Control Canonical Form

Given the following

ẋ = Ax + Bu =

[

−2 1
−2 0

]

x +

[

1
3

]

u(t), y = [1 0] x

Find the transformation P such that (Ā, B̄) is in control canonical form, where Ā = PAP−1 and
B̄ = PB. Find Ā, B̄, C̄ such that ˙̄x = Āx̄ + B̄u and y = C̄x̄.

3. (50 pts) Linear Quadratic Regulator

Given LTI system (a mass spring damper system or series RLC) ẍ + 2ẋ + 100x = u with input
u, and initial condition x(0) = 1 and ẋ(0) = 0:
a) Write the system equations in state space form, using x1 = x and x2 = ẋ1.
b) Using state feedback with gains determined by the LQR method (from Matlab function lqr(sys,Q,R),
find a set of cost functions Q, R which result in the closed-loop system having a settling time of less
than 2 seconds and max |u| < 10. Plot x1(t), x2(t), and u(t) for the given initial condition (Matlab
initial).
c) Repeat b), but with settling time less than 0.5 second and max |u| < 100.
d) Find the solution to the Ricatti equation P using Matlab function care(A,B,Q,R) and estimate
the cost J = x

T (0)Px(0) for each of b) and c).
e) Briefly compare the tradeoffs between control effort and time response between the two cases.


