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Exercise 1

In the two previous exercise sheets, we have considered the following controllable and observable
system:

ẋ =

(
7 -9
6 -8

)
x +

(
4
3

)
u

y =
(

1 1
)
x

(1)

The state feedback
u = Fx =

(
−2 2

)
x

was shown to achieve a pole placement corresponding to the char. polynomial s2+3s+2 = (s+1)(s+2) ,
and the observer gain

L =

(
−5
−3

)
was shown to assign the observer poles to {−4,−5}. In this exercise, we shall try to introduce a
reference signal to the observer based controller described by these two gains.

1. The closed loop system for the observer based controller with reference added to the control
signal is described by:(

ẋ
˙̂x

)
=

(
A BF

−LC A+BF + LC

)(
x
x̂

)
+

(
B
B

)
r

y =
(
C 0

)(x
x̂

)
Generate the Bode plot for this system. Where does it appear appropriate to assign zeros?

2. Determine a gain M̃ such that the eigenvalues of A + BF + LC − M̃F are satisfactory zeros
from reference to output. Hint: the MatlabTM command

place((A+B*F+L*C)’,F’,[pole1,pole2])’

can be used. As zeros, you might try −1.4 and −4, which gives a reasonable result.

3. Compute N as:

N = −
(
CclA

−1
cl B̃cl

)−1

where

Acl =

(
A BF

−LC A+BF + LC

)
, B̃cl =

(
B

M̃

)
Ccl =

(
C 0

)
4. Compute M = M̃N .
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5. Generate a Bode plot for the obtained system:(
ẋ
˙̂x

)
=

(
A BF

−LC A+BF + LC

)(
x
x̂

)
+

(
BN
M

)
r

y =
(
C 0

)(x
x̂

)
and compare with the original. Compare also the step responses!

Exercise 2

We consider (a final time) the system:

ẋ =

(
7 -9
6 -8

)
x +

(
4
3

)
u

y =
(

1 1
)
x

1. Compute an optimal state feedback F for this cost function

J =

∫ ∞

0
ρ yT y + uTu dt

for ρ = 100. Try other values (10,1000, etc.), and compute the eigenvalues of A + BF for each
value - what happens with the eigenvalue with the largest absolute value as ρ varies? Explain!

2. The smallest eigenvalue seemed to converge to a fixed value as ρ → ∞. Try to compute the
zero(s) of the system. . .

3. Compute the step responses of the transfer function:

C (sI − (A+BF ))−1B

for the same values of ρ. What is the (qualitative) relationship between ρ, the gains of F and
the rise time for the step response?
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