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1. (25%) Consider an uncertain linear system & = Az with
0 1 0
A= 0 0 1
—gki —gke —qks
where &k, € R, ky € R, and k3 € R are known positive constants while ¢ € R is an
unknown paramater. Suppose that ¢ satisfies 1 < ¢ <G where 7 € R is a known positive
constant. Please explain, along with a rigorous proof, the conditions for ki, ks, and ks

so as to ensure that A is Hurwitz.

2. (25%) A controller with the structure shown below is frequently used in linear control
systems. Suppose that y € R represents the measurement from the system output, and
F1 € R and f; € R are positive constants.
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Provide a rigorous proof to analyze and determine the working function of this controller

in the frequency domain.

3. (25%) Consider a feedback control system as described below, where z* € R represents
the regulation command and d € R denotes the unknown external disturbance, both of
which are assumed to be fixed constants.
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Suppose that y € R is the measurement output of the system, and the controller u(:) is
constructed as

)= =060 -2 -6 B -0 [ W) -2 a5

where g1 € R, go € R, and g3 € R are positive constants. Derive and determine the values
of g1, gz, and gs such that the closed-loop system ensures the performance y(t) — z* as

t — oo.

4. (25%) Consider a linear system consisting of the following structure, where A € R™",

beR™ heR", k¥ € R", and cF € R™ are all constant matrices.
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Letting Z = (27,27) € R? with z € R™ and £ € R™ readily implies that the system
can be described in a compact form Z = FZ.
(i) (10%) Determine F € R***?™ in terms of A, b, h, k, and c.

(ii) (15%) Provide a rigorous proof to show that F is Hurwitz if and only if A — bk and
A — hc are Hurwitz.




