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TABLE I 

1 - 
ll S p l i t  Tr(Pc) 

1 1-3  .9527 

1 3-1 1.1045 

10 3-1 1.0742 

10' 3-1 1.0861 

lo3 3-1 1.0878 

lo4 3-1 1.0879 

lo5 3-1 1.0879 

T,(W2v2) 

4.29 x 

.6721 

,0067 

.0067 x lo-' 

,0067 x 

.0067 x 

.0067 x lo-' 

Tr(Pc - K) 

2.396 x lo-' 

.I517 

.0045 

.0040 x lo-' 

.0080 x lo-* 

.OOIO x 

.0017 x 
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On a Canonical Form in "Design of Sensitivity 
Reducing Compensators Using Observers" 

BRUCE KROGH AND J. B. CRUZ, JR. 

Abstmei--A eorreet metbod is presented for obtaining the "plant canon- 
ical form" of the above paper.' 

In the above paper,' an incorrect  lemma from [l, Lemma 3.41 was 
quoted to define  a canonical form for the plant matrices ( A ,  B,C).  The 
following  lemma  correctly states how this canonical  form  is  achieved. 

Lemma: Given  matrices B EWXm,  CERlxn, O<m, I $ n ,  ra&(B)= 
m, rank(C)=l, with 

ml=rank(CB), O<m,<min( l ,m)  

there  exist nonsingular matrices LER'x' ,  M E W m X m ,  and T E W X "  
such that 

and 

Proof: Since rank(CB)= m,, there exists  a  nonsingular L (non- 
unique)  such that 
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where X I E R m l X m  has rank mI. Let {pJpiERn, i = l , . . - , Z }  be the 
(linearly  independent)  rows of LC. Let %(-) denote the null space of the 
matrix  argument. Then by (3) we can select  vectors 3, j =  1, . . , n - Z, 
such that ( p i } ~ ! l u { ~ } ~ : ~ l  is a set of basis vectors for R"-%(B? and 
( ~ i } f - m , + l ~ { s j } j " ; ~ - m , + ,  is a set of basis vectors for %(B'). Define 

S =  

sn- I 

and let 

then T-' is nonsingular since its rows are linearly independent and (1) 
follows since 

L C =  Z, 0 T-', [ . I  
Furthermore, 

where X , E R ( m - m ~ ) X m  and 

rank - - -  =rank(T-'B)=rank(B)=m. [ 3 
Defining h [-::-I implies  (2) for T - I B M .  Q.E.D. 

Replacing (1 1) and (12) in Krogh and Cruz'  with the above lemma, 
the plant canonical form is defined as ( T -  'AT, T-'BM,LCT). It is 
easily  verified that the results of [l] upon which  the  above paper' was 
based are invariant under nonsingular transformations of the state, 
input, and output spaces.  Hence, the results of the  above paper' retain 
the generality of application to arbitrary linear  time-invariant  systems. 

- I  

REFERENCES 

[I] W. J. Naeije and D. H. Boagra, "Comparison sensitivity design of multivariable 
output feedback systems" in Proc. 4th IFAC Symp. Multitxriable Technological 
Systems, Fredericton, N.B., Canada, 1977, pp. 127-135. 

A New Lower Bound on the Cost of 
Optimal  Regulators 

G. LANGHOLZ 

Abstn7ct-A new lower bound on the quadratic cost of linear reg'ulators 
is derived using some recently established results on norm bounds for the 
algebraic matrix Rid and Lyapunov equations. Tbe bound thus obtained 
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