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Exercise 1 
Consider the following dynamical system 
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1.1 Find the values of parameter 𝛼𝛼 ∈ ℝ for which the system is asymptotically stable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2 Find the values of parameter 𝛼𝛼 ∈ ℝ for which the system is completely controllable and completely observable. 
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Exercise 2  

Consider the following control system 
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Compute the transfer function R(s) of a PD with filter on the derivative action in such a way that: 

• |𝑒𝑒∞| = 0 for y°(t) = sca(t) and d(t) = sca(t);  
• the phase margin ϕm is greater or equal to 70°; 
• the crossover frequency ωc is greater or equal to 1 rad/s. 
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Exercise 3 

Consider the following closed-loop system 

L(s)
yy° +
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3.1 Sketch the direct and inverse root loci. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Using the previous root loci, find the values of ρ for which the closed-loop system is asymptotically stable. 
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Exercise 4 

Consider the following discrete time dynamical system 
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4.1 Compute the gain and type of the transfer function.  

 

 

 

 

 

 

4.2 Is the discrete time system stable, unstable or asymptotically stable? 

 

 

 

 

 

 

4.3 Compute the initial value and, if possible, the final value of the unit step response.  

 

 

 

 

 

 

 

 

4.4 Compute the first four samples of the unit step response. 
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Exercise 5 

5.1 Explain what is meant with kinematic and dynamic scaling of a trajectory, and write the general expression of a 
trajectory in normalized form that is used in such scaling. 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 The parametric form of a harmonic trajectory is given by 

𝜎𝜎(𝜏𝜏) =
1
2

(1 − cos(𝜋𝜋𝜋𝜋)) 

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. 

 

 

 

 

 

 

 

 

5.3 Consider the design of a harmonic trajectory from 𝑞𝑞𝑖𝑖 = 10° to 𝑞𝑞𝑓𝑓 = 50°, with 𝑞̇𝑞𝑚𝑚𝑚𝑚𝑚𝑚 = 30 ° 𝑠𝑠⁄  and 𝑞̈𝑞𝑚𝑚𝑚𝑚𝑚𝑚 = 80 ° 𝑠𝑠2⁄ . 
Find the minimum positioning time. 
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Exercise 6 

6.1 What is a successive-approximation ADC? Sketch the functional diagram that shows how this converter works, and 
list and describe the steps of the conversion process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.2 Assuming that the full scale range of the ADC is 10 V and the voltage resolution required by the application is 10 
mV, which is the minimum number of bits of the ADC in order to satisfy the requirement? 

 

 

 

 

 

6.3 Assuming that the harmonics of the analog signal to be converted span the range 0-10 kHz and the conversion 
interval is 1 µs, is the sample-and-hold circuit required? Why? 
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