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Abstract; In this paper, the errors of paper [1~3] about criterion for modal controllability and
observability of 2-D systems are pointed out and the correct criteria are given.
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1 Introduction and Related Results

Itis well known that modal controllability and observability theory!?] of 2-D Roesser
modell] (RM) have become the foundation to search for the minimal state space realization for
2-D RM, since it was raised by Kung et al. in 1977. Many criteria of modal controllability and
observability have been given. However, some of them are faulty. In the present paper, the er-
rors of paper [1~3] are discussed and the correct criteria are established.

The criterion for modal controllability of 2-D RM is given in the following lemma.

Lemma 1023 RM is modal controllable if and only if every general point (z, z;) on the
:irreducible algebraic curve V; defined by irreducible polynomial e;(z1,2;) satisfies

1,z — Au — Az B,
rank = n, ey
— 4An Lz, — An B
;where
Iz — A — 4 : ‘
8 1 11 12
det = a;(z15 22) 2152, € C. (l1a)
[ — Ay I-zzz — Az 1-_—]1: ’ ’

‘4, Bi(i,j=1,2.) are real constant matrices of appropriate dimensions (see (1D, a=n+n,.
Proposition 113 RM is modal controllable if the matrix pair Ay, B, and 4, B, are con-

tollable in 1-D sense.

Let
A(z) = An + ALz — Ap) ™ 4a, (2
B(z) = By + Au(luze — 422) "Bz (3
A(z) = Ap + AnU 7 — Ap) A @
B(z) = B; + AnLuz — A 7By - (5
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Proposition 20121 RM is modal controllalbe if and only if the matrix pair A(z,), B(z,) i«
controllable on B(z) , and A(z), B(z) is controllable on R(z). Where R(2) is the set of Drop,.
er rational functions with real coefficients.

We will use the following lemma.

Lemma 2 The matrix pair A(2z), B(z) is controllable on R(z) if and only if the Matriy
pair Dy, Dj is controllalbe on R. Where 4(2) ER***(2), B(2) ER**(2); D,.=3_’152A(z) s Dy
hmB(z)

With respect to RM, assume that 4(z;), B(zp) and A(z), B(z,) are controllable on R(z,)
and R(z,) respectively. Let

9 = 0(Ap) U {z2:22 € Cand A(zz) B(z,) is uncontrollable on C} ,
@ = 0(4n) U {z:2 € Cand A(z) B(zl) is uncontrollable on C},
T, = {(21,2):21 € Cy 2 €6 NV . (6a)
= {(z21,2):21 € 9, 2 € C} N Vs, ‘ . (6b)
where o(+) represents the set of eigenvalues of (+), t=1,2,¢,k. K is defined as (la).
92 The Errors of Proposition

2; —1 !
Let RM: A=(11 -------- ), =1 ,thendet(

a—2 1)
1 )=2122—222+1=a(21!z2)° Obvi*

— Z2

ously, (0, -é—) is a point on the irreducible algebraic curve a(z;,2) =0. Because

0—2 1 1
rank 1 1|1=1<2.

Applying Lemma 1, RM is modal uncontrollable.
On the other hand, 2, 1 and 0, -—é— are controllable in 1-D sense. According to proposition

1, RM is modal controliable. Therefore, propasition 1 is not true. The error comes from the us-
ing of the following faulty result in the proof of proposition 1.
If rank (Z, 21— 4n B =n;, zE€C and rank (Z,,z2— A2 By) =ny, 2,€C, then
Lz — An — 4Apz B, '
rank — 4 I.zz 4y Bo = + nz, 21,2 € C.

By (2)~ (5), we obtain hmA(zl) Agzs hmB(zl) B;, lxmA(zz) Ay and lim B(z)
Zz

—B,. If Ay, B, and Ay, B, are controllable, based on Lemma 2, we have that 4(z)» B
and A(z), B(z) are controllable on R(z) and R(z) respectively. By Proposition 2RM B
modal controllable. Since Proposition 1 is faulty, then Proposition 2 is also incorrect. It is &
by the following faulty result. ’
Assume that 4(z;), B(zy) is controllable on R(z;), then there exists matrix P and ¢
elements from R(z;) [z ] such that
U,z — A(z))P + B(%)Q = L,

with

@
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For RM as above, A(z,) =2—-zl, B(z,) =1—i is controllable. If there exists matrix P and Q
2
such that (7) holds, then ' '

1 1 .
(21—2+jz—1)1’+(1—-2—z;)9—-1-
Let zz=%, we get 2,P(z, %)=1. Hence, PGRHX‘x(zz)[zl:l.

3 Main Result

Theorem 7 RM is modal controllable if and only if 1) A(zy), B(z) and A(z;), B(z,) are
controllable on R(z) and R (z) respectively, 2) For every general point on the T; and N;,

Lyyn—An  —4p B :
rank ==n, where T; and N, are defined as (6).

—4n Lzp—An B, _

Proof According to [1,2] and Lemma 1, necessity is obtained immediately.

Sufficiéncy : Let A(2;), B(z;) be controllable on R(z). then for an arbitrary H&o, 4
(#) » B(2}) is controllable on C. By [4], there exists matrix P and @ with elements from C[z, ]
such that

Uy — AP + B(Q =1, , | (8

hence
Loy —4n  — A ‘
[ —4n  LA— Azz} ) .
P i PA(L 28 — )~
[(1.;2 — 40 P — BiQ) | (L — Ayg) (AP — B Aol — 427" + (A — dg) !

B I, 0
+ ( B, )(Q i QA (I 25 — Azz)fl) = 0 L,

1-121-/111 — Ay B,
—dn  LA—An|’
Is, for any 2, €C, 24& 9, then

and this implies that [ ) is left prime to each other on C[z]. That

2

Iz — Ay — 4 B :
rank .= n.

— Ay quzg — Az B,
,BY the similar way we can get dual result, According to condition 2) and Lemma 1 » RM is modal
Controllable. Therefore, the proof of Theorem 1 is complete.

By using Lemma 2, the condition 1) of Theorem 1 implies the condition of Proposition 2.
C"l'r'-‘rSponding to Proposition 1, the following theorem is obtained immediately.

Theorem 2 If RM is modal controllable, then Ay;, B, and A,,, B, are controllable in 1-D
Sense,

By applying duality principle, we can get the similar results about modal observability of
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4 Conclusion

This paper pointed out the errors of paper [1~ 3] about criteria for-modal contronability
and observability of 2-D systems, and established the correct criterions. These criteria aye Sooq
for judging the modal uncontrollability and unobservability of RM.
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