
 

 

Solution EE572  HW#9 
 
1. Consider the following discrete-time multi-input state variable model: 
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   a) Find the eigenvalues of the open-loop system.  Solution:  the eigenvalues are {-2, -2} 
 
   b) Is the system stable?  Solution:  No!  Both eigenvalues are outside the Unit Circle. 
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completely controllable. 
 
   c) If yes, design a feedback regulator law, wk = -kxk such that the closed-loop system has eigenvalues {.5 .25}.  Solution: 

Since the system has repeated eigenvalues, we must use w K x wk F k k= − + $  where KF is a random mxn matrix.  If we let 
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that this single input system is still controllable: [ ]M b A bs s new s= =
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input system is controllable and we can transform it into phase-variable form.  The characteristic equation is s2+6s+6=0.  

Thus, A and bpv pv=
− −








 =










0 1
6 6

0
1

, .  Using the similarity transformation, xk=Tpvzpvc, and setting wsk = -kpvzpvk, we 

obtain the following equation:  z  z +  w
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( ) ( ) .  This 

system has the characteristic equation, s2+(6+kpv1)s+(6+kpv0)=0.  The desired characteristic equation is (s-0.5)(s-
0.25)= s2-0.75s+0.125=0. Equating the two, we see that kpv0=-5.875 and kpv1=-6.75.  The entire control is given by 

wk=-(KF+kskpvTpv
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check the eigenvalues of (A-BK), we find that the closed-loop eigenvalues are {0.5 0.25}.  Note:  This answer is not 
unique and depends upon the choice of KF and ks.  Your answers may vary depending upon how you drive, but 
check the eigenvalues of (A-BK) to verify that your solution is correct. 

 
   d) What is the settling time of the closed-loop system if Ts = 10msec?  Solution:  The closed-loop eigenvalue closest to the 

Unit Circle is 0.5.  Hence, the settling time is ts= -4Ts/ln(0.5) = 57.7 msec. 
 
   e) If k+1 k kx  =  A x  +  B w$ $ 0 determine which systems are stabilizable: 
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rank=1.  The easiest way to determine which eigenvalues are controllable and which are not is to put the system into 
controllable canonical form by using the similarity transformation, xk=Tccfzccfk .  For the given system, 
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Thus, the system is stabilizable! 
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and which are not is to put the system into controllable canonical form by using the similarity transformation, xk=Tccfzccfk .  
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unstable.  Thus, the system is NOT stabilizable! 
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2. Consider the following discrete-time state variable model: 
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   a) Find the eigenvalues of the open-loop system.  Solution: the eigenvalues are {4,0.5, 2}. 
 
   b) Is the system stable?  Solution:  No!  both 2 and 4 are outside of the Unit Circle 
 
   c) Is the system controllable?  Is it stabilizable?  Solution: Since the system is decoupled with distinct eigenvalues, we can see 
that the controllable eigenvalues are {4,2} while the uncontrollable eigenvalue is ½.   Obviously, the system is NOT completely 
controllable but since the uncontrollable eigenvalue is stable, the system is stabilizable. 
 
   d) If yes, design a feedback regulator law, wk = -kxk such that all the controllable eigenvalues are {1/4}.  Solution: we must 

first put the system into controllable canonical form in order to isolate the controllable modes from the uncontrollable 

modes.  To do this, we must first find M
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Note that if we let wk=-[Kc | 0]zccfk=-[Kc | 0]Tccf
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x xk k .  We can check this 

solution by finding the eigenvalues of (A-BK) and we obtain {0.5, 0.25, 0.25}.  Note that the uncontrollable eigenvalue, 
0.5, does not vary (i.e., is invariant under feedback) as expected. 

 
   e) What is the settling time of the closed-loop system if Ts = 10msec?  Solution:  The closed-loop eigenvalue closest to the 

Unit Circle is 0.5.  Hence, the settling time is ts= -4Ts/ln(0.5) = 57.7 msec. 
 
 
   


