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Ülle KOTTA
ON THE TRANSFORMATION OF TWO-DIMENSIONAL SYSTEM ТО

CANONICAL FORM
Õlle KÜTTA. KAHEMÕÕTMELISE SÜSTEEMI TEISENDAMINE KANOONILISELE KUJULE
Юлле Котта. О ПРЕОБРАЗОВАНИИ ДВУМЕРНОЙ СИСТЕМЫ В КАНОНИЧЕСКУЮ ФОРМУ

(Presented by N. Alumäe)

1. Introduction. During recent years, several authors have pro-
posed different state-space models for two-dimensional causal systems
[ l-4 ]. It is shown that Roesser’s model is the most general since the
others can be imbedded in this model [ s ]. In [ 6 ] a canonical form is
presented for a class of Roesser’s model such that the denominator of
the transfer function can be expressed by the product of two poly-
nomials with a variable; the model is assumed tobe separately locally
controllable. We consider another canonical form obtained by duality.
This is for the system which is separately locally observable. This
canonical form has certain practical advantages when applied to Ident-
ification.
2. System description and its equivalent system.
Consider the Roesser’s model of the two-dimensional system

(1)

where xh {i,j) is an nXI horizontal state vector, x v {i,j) is an mXI ver-
tical state vector, u{i, j) is a scalar input, y{i, j) is a scalar output, and
Fi, F 2, F 3, Fi, gu g2,

hi, h2 are real matrices of proper dimensions. Letus
define the state variable x{i,j) at the point (i, j) by

In fl ] Roesser introduced the following class of similarity transfor-
mations
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where T t is an n\n constant nonsingular matrix, T 4 is an т'Хт con-
stant nonsingular matrix, and 0 is a null matrix of appropriate dimensions.
Performing the coordinate transformation from the state vector x{i,j)
to a new state vector x{i, j) , we obtain

The systems (1) and (2) are related by

The system (2) is equivalent to the system (1) in the sense that their
transfer functions are equal.
3. A canonical form for a class of Roesser’s model.
In this section, a canonical form is presented for the system (1) with
Fz=o. For such a system the denominator of the transfer function can
be expressed by the product of two polynomials with a variable [6 ].

We assume here that the system (1) with F 2=o is separately locally
observable. The canonical form is constructed by transforming the state
variable into a new coordinate system in which the system equation
takes a particular form.
Defini t i о n. The system (1) is separately locally observable if, for

(0, /) , and x v {i, 0), there are no nonzero initial horizontal
state xh {o, 0) and vertical state x v {o, 0) such that for zero input u{i,j) =

=O, i, the output is also identically zero, y{i,j)=0, i, /^O.
As shown in [7 ], the system (1) with F2 =o is separately locally

observable if and only if

(3a)

(3b)

where
(4)

We define Ti as

where e /=l, m-\- 1, denotes an (m-f-l)Xl unit vector whose i-th
element is equal to 1 and the vectors of 7\ are selected in the following
order:

(5)

The essential constraint is to retain a vector {FT
x ) sH^e v if and only if it
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is linearly indenpendent from all previously selected vectors, Since (3a)
holds, it is always possible to select n linearly independent vectors from
Ihe sequence (5).
Then we obtain

where

By letting
(6)

we obtain

Next we define the rows of the matrix Ä3 as aj, k=l_m. Substi-
tuting (6) into A 3=TiF3T~ l and using (4) we have

Therefore, if eJH m,
k—2, ..., m~|-1, isin the rows of T i, clu-i becomes

a unit vector whose (/Ti+ ... +/г&-1+1) -th element is equal to 1, other-
wise b i and b 2 can not be given by
simple forms.

Substituting Äi, A 3, Äi, bi, b 2, ci, c2 found above and Ä 2 =o into (2),
we obtain a canonical form for the system (1) with Fz — 0.
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