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Exercise 1
Consider the following linear and time invariant dynamical system (where α ∈ R)

ẋ1 = −x1 + αx3

ẋ2 = −x3 + u

ẋ3 = αx1 + x2

y = x3

1. Find the values of parameter α for which the system is asymptotically stable.

2. Find the values of parameterα for which the system is completely controllable and completely observable.
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Exercise 2
Consider the following control loop

where G(s) =
1

(1 + s/3)(1 + 10s/3)
.

1. Compute the transfer function R(s) of the controller in such a way that:

• |e∞| = 0 for y◦(t) = Asca(t), where A is an arbitrary real constant, and d(t) = n(t) = 0;
• a disturbance d(t) = Dsin(ωDt), where D is an arbitrary constant and ωD ≤ 0.1 rad/s, is attenuated

on the output of 10 times;
• a disturbance n(t) = Nsin(ωN t), where N is an arbitrary constant and ωN ≥ 10 rad/s, is attenuated

on the output of more than 10 times;
• ϕm ≥ 65◦ and ωc ≥ 1rad/s.
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Exercise 3
Given the following linear and time invariant dynamical system

G(s) =
s+ 2

s2 + 0.4s+ 1

1. Compute a realization of the transfer function G(s).

2. Design a pole placement controller that increases the damping of the poles so that the closed-loop poles
have a damping of 0.7, keeping the same natural frequency.



Automatic Control A A.A. 2017/2018

3. Design a state estimator whose error dynamics are 10 times faster than the system dynamics.
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Exercise 4
Consider the following discrete time dynamic system

G(z) =
z

z2 − z − 6

1. Compute the gain and type of the transfer function.

2. Compute the analytic expression (y(k) = . . . ) of the unit step response.

3. Write the expression of the frequency response associated to the transfer function G(z) for θ = π/2.
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Exercise 5

1. Consider the design of a 3rd order and a 5th order polynomial trajectory, from qi = 5◦ to qf = 25◦, with
q̇max = 15◦/s and q̈max = 50◦/s2. Find the minimum positioning time for each type of trajectory.

2. The parametric form of a harmonic trajectory is given by σ(τ) = 0.5 (1− cos (πτ)). Find the expressions
of the maximum velocity and maximum acceleration for such trajectory in terms of the positioning time
T and the total displacement h.

3. Consider the design of a harmonic trajectory, from qi = 5◦ to qf = 25◦, with q̇max = 15◦/s and q̈max =
50◦/s2. Find the minimum positioning time.
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Exercise 6

1. Consider a temperature sensor, measuring a temperature in the range 0 − 100 ◦C and having an output
in the range 0 − 24 V , and an ADC converter operating in the range 0 − 10 V . Design the conditioning
circuit and select the minimum number of bits required to guarantee a resolution of 0.1 ◦C.

2. Draw a schematic diagram of the conditioning circuit designed in 6.1, assuming a single-ended for the
sensor signal.

3. Design a passive anti-aliasing filter for the previous sensor, characterised by a cut-off frequency of 10 Hz.


