






E
E

E
 582, H

om
ew

ork 6

Problem
:A

 w
ell-know

n difficult problem
 from

 classical feedback control is the stabilization of 
a transfer function w

ith interlaced poles and zeros in the right-half plane. In this hom
ew

ork, w
e 

w
ill investigate the solution of this problem

 using state feedback/observer m
ethods. 

C
onsider the system

 w
ith transfer function  �(�)=

���
(��� )(���)

1. W
rite a state-space realization for G

(s).
2. D

esign a stabilizing state feedback and an observer for your realization. 
3. C

om
pute the corresponding transfer function ofthe dynam

ic output controller K
(s)(y -> u) 

and exam
ine the root locus of G

K
(s).

For your designs consider tw
o cases:

1. State feedback eigenvalues at 	1±
, O
bserver eigenvalues	0.2,	10

2. State feedback eigenvalues at 	1±
, O
bserver eigenvalues	1±


1. W
e w

rite a controllable (or an observable) realization to facilitate at least one of the tw
o designs. 
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2. For the feedback w

e design K
: eig(A

+B
K

) are as specified.  
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For the observer w

e design L: eig(A
+LC) are as specified. H

ere, (due to low
 dim

ensionality) a “brute-
force” approach w

orks just as w
ell as the general approach of transform

ing to the observable canonical 
form

 and solving the pole-placem
ent problem

 there. A
fter m

any straightforw
ard com

putations,
det (��	�	�� )=

� �+ (2�� 	�� 	4 )�	5�� +2�� +3, w
hich yields the follow

ing observer gains 
for the tw

o cases:

1.det (��	�	�� )=
� �+2�+2�

�� =
[	11   	28] 

2.det (��	�	�� )=
� �+10.2�+2�

�� =
[	27.4   	69] 

3. W
e com

pute the controller transfer functions from
 their state-space description:
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These are in

a
positive feedback

convention.The corresponding transfer functions are 

�� (� )=
	

157�	182
� �+8�	120 ,

�� (� )=
	

386.6�	452.6
� �+16.2�	300.4

The root-locus contains a RH
P pole and a R

H
P zero to create the large root locus arcs needed to bring all 

poles in the LH
P for som

e gains. This also results in very poor stability/robustness m
argins (peak 

sensitivities at 41 and 47dB!

.


