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Consider the discrete-time linear dynamical system in state space form shown next.

x(k + 1) =Ax(k) +Bu(k)

y(k) =Cx(k) (1)

where x ∈ R4, y ∈ R, u ∈ R and

A =

 0.8 0.1 0.1 0
0.1 0.8 0.1 0
0 0.1 0.8 0.1
0.1 0 0.1 0.8

 , B =

 1
0
0
0.3

 ,

C = [ 1 0 0 0 ] .

Exercise 1. Consider the discrete-time dynamical system in eq. (1).

(a) Determine the state and output controllability properties of the system.

(b) Let x(0) = [0, 2, 0, 1]T . Determine a control input u(k), with k = 1, . . . , n such that x(n) = [4, 5, 1, 0]T .
Determine the output sequence y(k) for k = 1, . . . , n.

(c) Determine a similarity transformation P ∈ Rn×n such that the discrete time system with state variables
x(k) = Pz(k) is in controllable canonical form and write down the new system matrices.

(d) Determine the matrix gain of a full state feedback control such that the desired closed loop eigenvalues
are: 0.8, 0.6, 0.5, 0.1.

(e) Suppose that u(k) = −Kx(k) + K0r(k) where r(k) ∈ R is a scalar reference signal and K0 is scalar
gain. Choose the gain K0 so that, for a constant reference signal, at the steady state it holds y = r

(f) Simulate with Matlab Simulink the open loop and closed loop system with constant reference input r = 10
and zero initial state.

(g) Design the matrix gain K of a full state feedback deadbeat control which achieves x(k) = 0 in n steps
and simulate with Matlab with an arbitrary initial state different from zero.



Exercise 2. Consider the discrete-time dynamical system in eq. (1).

(a) Discuss if the system is completely observable.

(b) Consider the input sequence designed to make the system reach the state x(n) = [4, 5, 1, 0]T at time k = n
and consider also the corresponding output trajectory. Discuss how to determine, if possible, the initial
state x(0) of the system.

(c) Choose a new input matrix B so that the system in eq. (1) is not completely state controllable. Write down
the dual system. Is the dual system observable/controllable?


