MAE 287 FINAL EXAM (Fall 2008)

Problem 1.

Consider the system

Ut = Ugy
uz(0) = —que(0)
u(1) =U,

where ¢ is a positive constant. All eigenvalues of the open-loop system (U = 0) lie in the right
half plane, therefore the system is ”anti-stable” (stable in reverse time).

Design the stabilizing controller for this system. Use the transformation

wl@) = ue) =y [ o) dy ke [ ulw)dy
0 0
and the target system

w,(0) = cyw(0)
wy(1) = —cow(1),

where k1, ko are constants and ¢y, c; > 0.
(a) Find k’l, k’g.

(b) Write down the explicit controller.

Problem 2.

Assuming the measurements of u(1) and u(1), design the observer for the plant from Prob-
lem 1. Use the following observer

iyt = Ugg + pr[u(l) — a(1)] + pofue(1) — @ (1)]
U5(0) = —qe(0) + palu(l) — @(1)] + pafue(1) — Ge(1)]
Uy (1) = U + ps[u(l) — a(1)] + pelue(1) — @ (1)],

where p;, i = 1,...,6 are constants.
With the transformation

w(x,t) = w(x,t) + ﬁ/ Wy(y,t) dy



map the error system for & = u — @ into the target system

W, (0) = cowy(0)

Find the constants § and p;, © = 1,...,6, and write the observer explicitly.

Problem 3.

Consider the cascade of a heat equation and an LTT finite-dimensional system given by

X(t) = AX(t) + Bu(0,t) (1)
ug (2, t) = Uge(, 1) (2)
uz(0,t) =0 (3)
u(D,t) =U(t), (4)

where X € R" is the ODE state, U is the scalar input to the entire system, and wu(z,t) is the
state of the PDE dynamics of a diffusive actuator. Show that the transformation

w(z, 1) = u(z, ) — /0 " — y)uly, Oy — KM ()X (),
where

m(s) = /0 " KM(e)Be

0 A
ME) =1 o}e[f O]TH
and the controller
[0 A]D , N D_y[o A]s ;
Uty =K[1 0]el T 0 [O}X(t)jt/o /O el 1 01 ge {O}Bu(y,t)dy

convert the system (1)—(4) into the exponentially stable cascade PDE-ODE system

X(t) = (A+ BK)X(t) + Bw(0,t)
wy(x,t) = Wee(x, t)
w,(0,t) =0
w(D,t)=0.



