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1. The performance of the following control system is to be improved by a digital controller. Assume the
sampling time T = 0.1s. : .

r e ., e* u 24 c
T D(z) ZOH poree)
(a) Specify the performance of the closed-loop system, when D(z) = 1. (10pts)

(b) A compensator D(z) is selected, such that
u(k) = u(k — 1) + Ke(k) — 0.7Ke(k — 1),

where K is a gain to be speciﬁed‘. Determine 1';1'1is gain, so that the percent overshoot is in the range
of 10-25%, and the response is as fast as possible. : (15pts)
(; (c) Determine the percent overshoot and the 2% settling time for the compensated system. (05pts)
2. A unity-feedback control system is to be designed Satisfying the following conditions.
e The 2% settling time is approximately 7 seconds.
e The percent overshoot is about 10% for a unit step input.

e The steady-state error is zero for a unit step input.

The ZOH-Plant combination is described by

z+0.1
(z—0.5)(z = 0.9)°

G(z) =

where the sampling time 7' = 1s. Assume the controller

(2.— b1)(z — b2)
(2 — a1)'(z - ag)’

D(z) =K

where by, ba, a1, and ay are all reé,l' numbers.  Complete the design by specifying K, b1, bz, a1, and as.
' ) (35pts)



( 3. A system is described by

0 1 1
x(k+1)= [ 05 —03 ]x(k) + [ —05 ] u(k),
y(k) =10 1 ]x(k),
where u, x, and y are the input, the state, and the output variables, respectively.

(a) Determine if the system is reachable and observable. (05pts)

(b) Find an open-loop control sequence which will take the state of the system from [ 00 ]T to [ 10 ]T
in a minimum number of steps and will maintain this state thereafter. (10pts)

(c) Convér_.t this open-loop control sequence to a state-feedback controller by assuming
u(k) = al(t) = Kx(k).

In other words, determine the constant a and K. (10pts)

(d) Assume that the states are not available, and design an observer with poles at 0.1 and 0.1. Ignore

about the fact that the final state may no longer be reached in the same number of steps with the
above controller. (10pts)
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