
Control Systems : Set 10 : Statespace (1)
Prob 1 | Given the system
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]
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]
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with zero initial conditions, find the steady-state value of x for a step input u.
Prob 2 | Consider the system shown below
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a) Find the transfer function from U to Y

b) Write state equations for the system using the state variables indicated

Prob 3 | Show that a transfer function is not changed by a linear transformation of the state.
Prob 4 | For each of the listed transfer functions, write the state equations in control canonical form. In

each case draw a block diagram and give the appropriate expressions for A, B and C.

a) G(s) = s2 − 2
s2(s2 − 1)

b) G(s) = 3s + 4

s2 + 2s + 2

Prob 5 | Consider the system in the figure below.

U
s

s2 + 4
Y

a) Write a set of equations that describes this system in the control canonical form as ẋ =
Ax + Bu and y = Cx

b) Design a control law of the form

u = −
[
K1 K2

] [x1
x2

]
which will place the closed-loop poles at s = −2± 2j

c) Check your answer with Matlab

Prob 6 | Consider the electric circuit shown in the figure below
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Figure 7.90: Electric circuit for Problem 7.37.

(a) Apply Kirchho§ís voltage and current laws, with x1 = iL and x2 = vc, we obtain,

L _x1 +Rx1 = x2 +RC _x2;

_x2 = u! x1;
y = (u! x1)R

Thus,

!
_x1
_x2

"
=

!
!2R=L 1=L
!1=C 0

" !
x1
x2

"
+

!
R=L
1=C

"
u;

y =
#
!R 0

$
x+Ru:

(b) The condition for the system to be uncontrollable is det(C) =0.

C =
#
B AB

$
=

!
R=L !2R2=L2 + 1=LC
1=C !R=LC

"
:

det(C) = R2=L2C ! 1=LC2:

Thus, the system is controllable if R2 6= L=C.
(c) The condition for the system to be unobservable is,

O =

!
C
CA

"
=

!
!R 0
2R2=L !R=L

"
:

det(O) = R2=L:

Since det(O) 6= 0 for any R;L;C except R = 0 or L =1, the system is observable.

38. The block diagram of a feedback system is shown in Fig. 7.91. The system state is,

x =

!
xp
xf

"
;

and the dimensions of the matrices are as follows:

A = n& n; L = n& 1;
B = n& 1; x = 2n& 1;
C = 1& n; r = 1& 1;
K = 1& n; y = 1& 1;
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a) Write the internal (state) equations for the circuit. The input u(t) is a current, and the
output y is a voltage. Let x1 = iL and x2 = vc

b) What condition(s) on R, L and C will guarantee that the system is controllable?

Prob 7 | The linearized longitudinal motion of a helicopter near hover (figure below) can be modeled by
the normalized third-order systemq̇θ̇

u̇

 =
−0.4 0 −0.01
1 0 0

−1.4 9.8 −0.02

qθ
u

+
6.30
9.8

 δ
where

q = pitch rate
θ = pitch angle of fuselage
u = horizontal velocity (standard aircraft notation)
δ = rotor tilt angle (control variable)7062 CHAPTER 7. STATE-SPACE DESIGN

Figure 7.97: Helicopter for Problem 7.49.

normalized third-order system,
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where,

q = pitch rate;

" = pitch angle of fuselage;

u = horizontal velocity (standard aircraft notation);

% = rotor tilt angle (control variable):

Suppose our sensor measures the horizontal velocity u as the output; that is, y = u.
a) Find the open-loop pole locations.
b) Is the system controllable?
c) Find the feedback gain that places the poles of the system at s = !1" 1j and s = !2.
d) Design a full-order estimator for the system, and place the estimator poles at !8 and !4"
4
p
3j.

e) Design a reduced-order estimator with both poles at !4. What are the advantages and
disadvantages of the reduced-order estimator compared with the full-order case?
f) Compute the compensator transfer function using the control gain and the full-order estimator
designed in part (d), and plot its frequency response using Matlab. Draw a Bode plot for the
closed-loop design, and indicate the corresponding gain and phase margins.
g) Repeat part (f) with the reduced-order estimator.
h) Draw the symmetrical root locus (SRL) and select roots for a control law that will give a
control bandwidth matching the design of part (c), and select roots for a full-order estimator
that will result in an estimator error bandwidth comparable to the design of part (d). Draw
the corresponding Bode plot and compare the pole placement and SRL designs with respect to
bandwidth, stability margins, step response, and control e§ort for a unit-step rotor-angle input.
Use Matlab for the computations.

Solution:
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Suppose our sensor measures the horizontal velocity u as the output, that is y = u
Use Matlab to answer the following questions.

a) Find the open-loop pole locations.

b) Is the system controllable?

c) Find the feedback gain that places the poles of the system at s = −1± 1j and s = −2


