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Problem solving session IV (Ex4)

1. (Exercise 3.6 from [1])

Is the following system (a) observable, (b) controllable?

x(k + 1) =

(
0.5 −0.5
0 0.25

)
x(k) +

(
6
4

)
u(k)

y(k) =
(

2 −4
)
x(k)

2. (Based on [2])

Consider the system

ẋ =

(
−2 3
1 −4

)
x +

(
1 8
2 6

)
u

y =
(

3 7
)
x

(a) Is the system controllable?

(b) Suppose that we have only access to the input u1. Is the system
controllable in this case?

(c) Suppose that the two control signals are coupled so that u1+2u2 =
0 always holds. Is the system controllable in this case?

3. (Exercise 3.7 from [1])

Is the following system controllable?

x(k + 1) =

(
1 0
0 0.5

)
x(k) +

(
1 1
1 0

)
u(k)

Assume that a scalar input u′(k) such that

u(k) =

(
1
−1

)
u′(k)

is introduced. Is the system controllable from u′(k)?
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4. (Exercise 3.4 from [3])

Consider the discrete-time system

x(t + 1) =

(
0.2 0.1
0.2 0.3

)
x(t) +

(
1
2

)
u(t)

Determine, in case it is possible, the input u(t) so that the state vector
change from x(0) to x′(t) in at most two sampling intervals, when

(a)

x(0) =

(
−1
−2

)
, x′(t) =

(
3
6

)
(b)

x(0) =

(
−1
1

)
, x′(t) =

(
2
−2

)
In both cases, it thus holds t′ = 1 or t′ = 2. Explain the achieved
results.
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