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1. (20%) Consider the following linear time-invariant system.

X = Ax+ Bu
y=Cx+Du

Give the discretized system for the case u[t]=u[kT];te[kT,(k+1T),k=0.12,---,
where uft] is thus a piecewise constant signal. That is, determine the
F,G, H,and | matrices in the following discrete-time system.

X[(k +1)T] = FX[KT]+ Gu[KT]
yIKT] = HX[KT ]+ Iu[KT]

2. (20%) Consider the following system

x(0)=0
ut) ——» E > Y0
s°+1

What can you tell about the BIBO stability of the system if you only know that the input
signal u(t) isbounded by 10?
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3. (30%) Consider the linear time-invariant state equation

{)’((t) = AX(t) + Bu(t)
y(t) = Cx(t)

Suppose that the controllability matrix for (1) satisfies
rank[B AB A’B --- A"'B]=q ; O<qg<n.
Show that there exists an invertible nxn matrix P such that

PflAP — |: A’ll 612:| . Ple — |: Blqum j|
(n—q)xq A22 O(n—q)xm

and

rank[Bll AilBll A121811 AlqlilBll]:q'

4. (30%) Consider the unforced state equation

{xm:A(t)x(t) LX) =%,
y(® = COX)

(a) Give the definition of “observable on [t,,t;]”.

(b) Show that the linear state equation (1) is observable on [t,,t,] iff the nxn

observability Gramian

M(t, t,) = Jid)’(t,tO)C’(t)C(t)CD(t,to)dt

to

is invertible.





