LETTERS TO THE EDITOR

To The Editor

In a recent paper [AIChE J., 22 (2),
298-317 (1976)] Jayaraman and Lapi-
dus employed the terminology canon-
ical realization as equivalent to minimal
realization. The object of this letter is
to show that these two terms have con-
noted distinct meanings in the current
technical literature since Kalman
(1963) established the motivation for
minimal realization.

It has to be emphasized that the
algorithm of Ho-Kalman (1965) uni-
vocally leads to minimal but not canon-
ical realization. In fact, canonical forms
have well-defined structures, as shown
in the papers of Luenberger (1967)
and Power (1969): among them, the
phase-variable canonical form (Silver-
man 1966) and the block-companion
canonical form (Bucy 1968) have been
acclaimed as the simplest, as they have
practical advantages in analog or digi-
tal simulation. The algorithm of Acker-
man and Bucy (1971) cited by the
authors is indeed the first solution given
to the minimal-realization problem in
the canonical form of Bucy. Later
other algorithms by Mital and Chen
(1973), Bonivento et al. (1973), and
Lal et al. (1975) followed.

It is also interesting to observe that
the topic of canonical realization for
linear, multivariable systems has re-
ceived, in recent years, the attention
of several researchers—Anderson and
Luenberger (1967), Wolovich and
Falb (1969), Ramar and Ramaswami
(1971), Rézsa and Sinha (1975). In
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this context further information may be
had in the paper of Denham (1974)
where the concept of canonical forms
has been surveyed.

It may be pertinent to add that an-
other elegant method of realization
using a combination of moments and
Markov parameters to obtain a better
long-time approximation is available;
details may be found in Shamash
(1974). In conclusion, it is hoped that
these comments add to the value of
the excellent paper of Jayaraman and
Lapidus.

The writer would like to record his
indebtedness to Dr. Harpreet Singh,
Professor, University of Roorkee, Roor-
kee, India, for introducing him to the
fascinating field of system realization.

R. PARTHASARATHY

Department of Electrical Engineering
Indian Institute of Technology
Madras-600 036

India

LITERATURE CITED

Ackerman, ]. E., and R. S. Bucy, “Canon-
ical Minimal Realization of a Matrix of
Impulse Response Sequences,” Informa-
tion and Control, 19, 3, 224 (1971).

Anderson, B. D. O., and D. G. Luen-
berger, “Design of Multivariable Feed-
back Systems,” Proc. IEE, 114, 3, 395
(1967).

Bonivento, C., R. Guidorzi, and G. Marro,
“Irreducible  Canonical  Realizations
from External Data Seauences,” Intern.
I. Contr., 17, 3, 553 (1973).

Bucy, R. S., “Canonical Forms for Multi-
variable Systems,” IEEE Trans. Auto.
Contr., AC-13, 5, 567 (1968).

Denham, M. J., “Canonical Forms for the
Identification of Multivariable Linear
Systems,” ibid., AC-19, 646 (1974).

Ho, H. L., and R. E. Kalman, “Effective
Construction of Linear State Variable
Models from Input/Output Data,” Pro-
ceedings Third Allerton Conference on
Circuits and System Theory, 449 (1965).

Kalman, R. E., “Mathematical Description
of Linear Dynamical Systems,” SIAM
J. Contr., 1, 52 (1963).

Lal, M., Harpreet Singh, and R. Partha-
sarathy, “A Minimal Canonical Realiza-
tion Algorithm for Impulse Response
Matrix Using Moments,” Proc. IEEE,
63, 3, 538 (1975).

Luenberger, D. G., “Canonical Forms for
Linear Multivariable Systems,” IEEE
Trans. Auto. Contr., AC-18, 290 (1967).

Mital, D. P., and C. T. Chen, “Irreducible
Canonical Form Realization of a Ra-
tional Matrix,” Intern. J. Contr., 18, 4,
881 (1973).

Power, H. M., “Canonical Form for the
Matrices of Linear Discrete-Time Sys-
tems,” Proc. IEE, 116, 7, 1245 (1969).

Ramar, K., and B. Ramaswami, “Output
Canonical Form for Observable and Un-
observable Systems,” Electron‘cs Let-
ters, 7, 20, 603 (1971).

Rozsa, P., and N. K. Sinha, “Minimal Re-
alization of a Transfer Function Matrix
in Canonical Forms,” Intern. ]J. Contr.,
21, 2, 273 (1975).

Shamash, Y., “Minimal Realization of a
Differential System,” Proceedings In-
ternational Conference on Systems and
Control (1973).

Silverman, L. M., “Transformation of
Time-Variable Systems to Canonical
{Phase-Variable) Form,” IEEE Trans.
Auto. Contr., AC-11, 2, 300 (1966).

Wolovich, W. A., and P. L. Falb, “On
the Structure of Multivariable Systems,”
SIAM ]. Contr., 7, 3, 437 (1969).

January, 1977 Page 135





