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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 =

 0.8147 0.6324 0.9575 0.9572
0.9058 0.0975 0.9649 0.4854
0.1270 0.2785 0.1576 0.8003
0.9134 0.5469 0.9706 0.1419

 , C = [ 1 0 0 0 ] , B =

 0
0
0.5
0.1


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

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

(b) Let u(k) = −Kx(k) +K0r(k), with K = [−22.2901 − 47.9877 − 19.7936 89.0848] and K0 =
0.0189. Determine the open-loop and closed-loop eigenvalues and stability properties of the system in eq.
(1) by assuming full-state access of the proposed state feedback control law.

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

(d) Design a full-order state observer (Obs 1) for the system in eq. (1) with eigenvalues equal to 0.2, 0.2, 0.2, 0.2.

(e) Design a further full-order state observer (Obs 2) with deadbeat response for the system in eq. (1) with
eigenvalues equal to 0, 0, 0, 0.

(f) Build a Matlab Simulink and add a white noise generator at the output of the system. Discuss the behavior
of the closed loop system with noise power equal to 0, 10−8 and 10−6 in the case of state feedback with
full-state access and with observer-based feedback.

(g) Discuss the separation principle and determine the eigenvalues of the closed-loop system dynamics and the
state estimation error dynamics of the full-order state observer.

(h) Suppose that state variables x1(t), x2(t) and x3(t) and can be directly measured with sufficient accuracy
at each sampling instant. Discuss, the differences between a reduced (minimum) order observer.

(i) Build a Matlab Simulink model of the system, the feedback control and the state observer adding an external
reference signal r = 10. Discuss the behavior of the system and state observer in the case of the next signal
pathway is compromised due to a fault or cyber-attack:

• The signal from the output measurement sensor;

• The input control signal to the system;

• The external reference signal.

Discuss in both the case of feedback with full state access or observer-based feedback.


