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Exercise 1

Consider the following dynamical system
X ==X +X,+au
X, ==X, +2aU
y= (1_ a)xl +X;

1.1 Find the values of parameter a € R for which the system is completely controllable and completely observable.

1.2 Assuming a =1, draw the block diagram showing the decomposition of the system into its controllable/not
controllable and observable/not observable parts (Kalman decomposition).



Exercise 2
Consider the following control system
i?i) R(s) |—>] G(s) >t Y>
1-0.1s
where G(S) =01————.
1+0.01s

Compute the transfer function R(s) of a regulator in such a way that:

o |e,| = 0 fory°(t) =5 sca(t) and d(t) = 0;

e adisturbance d(t) = A sin(wt), where A is an arbitrary constant and w < 0.01 rad/s, is attenuated on the output
y 1000 times;

e the phase margin on is greater or equal to 75°;

e the crossover frequency o is greater or equal to 0.1 rad/s.




Exercise 3
Consider the following closed-loop system

T ]

0.5(s —3)
(1+5s)1+0.5s)s+3)

3.1 Sketch the direct and inverse root loci.

where L(S): Yo,

3.2 Using the previous root loci, find the values of p for which the closed-loop system is asymptotically stable.



Exercise 4

Consider the general discrete time linear time invariant dynamical system
{x(k +1)= Ax(k)+ Bu(k)
y(k)=Cx(k)

4.1 Write the expressions of the state and output zero-input response and zero-state response generated by an initial state
xo and an input u(k), k = 0.

4.2 Given the discrete time system
%, (k +1) = 2x,(k)
X, (k +1)=—2x,(k)
x5 (k +1)=u(k)
y(k)= Xl(k)_ Xz(k)+ 2X3(k)

show that the zero-input response for k > 3 is always equal to zero, whatever the value of the initial state is.

4.3 Compute the transfer function. Is the discrete time system stable, unstable or asymptotically stable?



Exercise 5 40
Consider a servomechanism with elastic transmission 35k
characterized by the following parameters:
e reduction ratio n = 100 =307
e motor moment of inertia J,, = 5+ 10~* Kg m? % 25
=
51 A set of experiments performed on the 2
servomechanism allows to compute the Bode %20 [
diagram of the frequency response of the transfer =
function from motor torque to motor velocity. 15
Using the Bode diagram compute an estimate of the 10}
load moment of inertia J; and of the transmission
elastic constant K,;. 5= = .
10* 10 10°

Frequency (rad/s)

5.2 Design a Pl velocity controller, accurately describing the procedure, that maximizes the damping of the oscillations
generated by the elastic transmission.



Exercise 6

6.1 Draw the circuit diagram of a sample-and-hold circuit.

6.2 Describe how the circuit works. When and why is the sample-and-hold circuit required?

6.3 Assume that an analog sinusoidal signal, with a frequency of 500 Hz, has to be converted into a digital signal using
an ADC with 10 bit and without sample-and-hold circuit. Which is the maximum value of the conversion interval?



