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Property of the Second-Order Modes of Linear Discrete-Time Systems
under Variable Transformation

3. Koshita, M. Abe and M. Kawamata (Tohoku University)

Abstract—

This paper discusses property of the second-order modes of discrete-time systems under

variable transformation. This is the generalization of the theory presented by Mullis and Roberts, who
discovered the invariance of the second-order modes under allpass transformation (variable transformation
of lossless bounded-real function). This paper proves that the values of the second-order modes are
decreased under any variable transformation of bounded-real function. The proof is achieved with the
help of the bounded-real lemma and formulation of the controllability and observability Gramians of

transformed discrete-time systems.

Key Words: state-space representation, Gramian, second-order mode, bounded-real lemma, variable trans-

formation
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Fig. 1: Block diagram of a discrete-time state-space
system.
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Fig. 2: Magnitude responses of H(z),1/F(z) and
H(F(2)).

0.0961 —0.0052 —0.0257 —0.0004
w— | 00052 0.0021 00042 —0.0001
~ | —0.0257 0.0042 0.0139 —0.0008
—0.0004 —0.0001 —0.0008 0.0003
(55)
(61,02,03,04)
= (0.5973,0.1693,0.0057, 0.0032) (56)

(46)00 (6) 0000000000 OOOOOOOO
ooboobooooboog

51,52 < 91 (57)
53,54 < 92 (58)

gbooooooboobobobooooooooooon
20000000000O0O000O0O0O0O0O0000O0

6 Udon

gbboobooooooooobooboobobaon
ooooboobooobb 20000000000
0000000 0ooooU0ooooooooo 3]0
oooboooooooboooooooboooooon
00 3)00o0000o00000ooUUoooooo
0 (D0o0ooo0)oooOoooouoooooooog
ooobooboooooooboboooood

godn
(1] 000D,0000,0000,00000000000

00000000000000,0000000000
O, vol. 21, no. 9, pp. 900-906, 1985.

B. C. Moore, Principal component analysis in linear
systems: Controllability, observability, and model re-
duction, IEEE Trans., Automatic Control, vol. AC-
26, no. 1, pp. 17-32, February 1981.

C. T. Mullis and R. A. Roberts, Roundoff noise in
digital filters: Frequency transformations and invari-
ants, IEEE Trans. Acoust., Speech, Signal Processing,
vol. ASSP-24, no. 6, pp. 538-550, December 1976.

P. P. Vaidyanathan, The discrete-time bounded-real
lemma in digital filtering, IEEE Trans. Clircuits and
Systems, vol. CAS-32, no. 9, pp. 918-924, September
1985.

C. Xiao and D. J. Hill, Generalizations and new proof
of the discrete-time positive real lemma and bounded

real lemma, IEEE Trans. Circuits and Systems I, vol.
CAS-1-46, no. 6, pp. 740-743, June 1999.

P. C. Opdenacker and E. A. Jonckheere, A contrac-
tion mapping preserving balanced reduction scheme
and its infinity norm error bounds, IEEE Trans. Cir-
cuits and Systems, vol. CAS-35, no. 2, pp. 184-189,
February 1988.

2]



	C11: 講演番号：C11


