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Exercises

Exercise ��� 	 Rugh ��� 
����

Exercise ��� 	 Rugh ���

Exercise ���

a� Show that fA�Bg is controllable i
 fPAP��� PBg is controllable for some P
with detP �	 � i
 fPAP��� PBg is controllable for all P with detP �	 ��

b� Prove that fA�Bg is controllable i
 fA� BL�Bg is controllable for some
L i
 fA�BL�Bg is controllable for all L�

c� Prove that fA�Bg is controllable i
 fA�BBTg is controllable�

Exercise ��� Use the PBH test to show that the controller form realization
of b
s��a
s� is observable i
 a
s�� b
s� are coprime�

Exercise ��� What are the controllability indices of �x 	 Ax�Bu when
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How is the rank of B re�ected in the indices�

Exercise ��� Show that the set of controllability indices is invariant under
change of coordinates�

Exercise ��	 Formulate observability and reconstructability using operators�
i�e� the possibility to �nd x
t�� and x
t�� given the output and the input during
the interval �t�� t��� The nullspaces of the corresponding operators are now the
important spaces� 
Hint� Use
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and discuss the solvability of the equation L�x� 	 b� Describe L�� and use
N 
L�� 	 N 
L��L����
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Hand in problems

Solutions to the following problems should be handed in at the exercise session�

Exercise ��� Interpretation of Reachability Gramian

Consider the double integrator

�x� 	 x�

�x� 	 u

Determine for di
erent t� which state that can be reached from x
�� 	 �� with
input signal energy less than �� i�e�

kuk� 	

tZ
�

u�
t� dt � �

Plot the regions using e�g� Matlab�

Exercise ���� Find controllability indices and controller form for the �dou�
ble e
ect evaporator� model �x 	 Ax�Bu� where
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A Matlab��le is available� �fulinsys�linsys���matlab�s��b�m
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