Multivariable Control (ME-422) - Exercise session 4

Prof. G. Ferrari Trecate

1. Observability analysis
Consider the following multi-compartment system, which is similar to the one analyzed in the last
exercise session

ingestion injection
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where the state z;(k) of each compartment is the mass of the drug (in mg) in compartment i,
the mass-transfer rates are k1o = k13 = k3 = 0.5h™1, kas > 0, and inputs are measured in mg/h.
Assume the output is the drug concentration in compartment 3 (with volume V' = 2¢c), a discrete-
time model of the system is

xf = —(k12 + ki3)x1 + o1 +w

1‘; = kiox1 — kogTo + X0 + Ug

l‘;_ = ki3x1 + kogro — k3xs + x3.
1

(a) Set ko3 = 0. Using MATLAB, verify that the system is unobservable. Can you guess an initial
state 2(0) # 0 producing a zero output by just looking at the system structure?

Verify your guess by simulating free state of the system.
(b) e Set ko3 = 0.5 and verify that the system is still unobservable. This shows that unobserv-
ability cannot be always deduced just by looking at the system structure.
e Compute the unobservable eigenvalue using the PBH test.
e Build the observability form of the system and verify the result in the previous part.
e Find an unobservable state and simulate the results.



(c) Set kog = 1 and verify that the system is observable. Reconstruct the initial state producing
the output
y(0)=0 y(1)=0.75  y(2)=0.625

2. Observability and reconstructibility
An LTI system #7 = Az y = Cx x € R" is reconstructible if the measurements y(k) k =
0,1,...,n — 1 allow one to determine z,,_1 uniquely.

(a) Show that (A, C) observable = (A, C) reconstructible.

0 0
1 0

(¢) Show that if (A, C) is reconstructible and det(A) # 0, then (A, C) is also observable.

(b) Assume that A = { ] C = [1 0]. Is the system observable? Is it reconstructible?

3. A SISO LTI system
xt=Ar y=Cx

is in the observable canonical form if

—a; 10 0
—ay 0 1 0

A= : c=[1 0 0]
~an-1 00 1
~a, 0 0 0

Show that the system is always observable.



