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Recent work by Vidyasagar {1], Khalil [2], Rohrs [3}, and Ioannou and
Kokotovic [4] has addressed the problems caused by unmodelled dynamics or
parasitics in a closed-loop control system. We are specifically interested
in the results of [1] where it is shown that, for any plant (A,B,C,D), any
singularly perturbed augmentation of that plant

X X + u
0 gl A21 A22 B2

(1la)
vy =1 C1 C2 1x
where

A, - A A=A, B -A_AlB =B

11 12722721 et | 1272272
(1b)

c, -cAa . -=c -cals -p

1 2722%21 ’ 22272

and any fixed strictly proper compensator, if the corresponding closed-loop
system is stable at £ = 0, then so 1s the perturbed closed-loop system for
sufficiently small € > 0. We wish to explore the consequences of
perturbing the compensator as well. Let (F,G,H,0) be any compensator and
consider perturbations of the form (1).

Theorem 1 Let R <o and v > 0. There exist g9 > 0 and singular
perturbations (1) of the plant and compensator such that the closed-loop
configuration of the perturbed systems has a pole P satisfying lpel >R

and larg psl < v whenever 0 < £ < g€y.

Theorem 1 says that perturbations of plant and compensator can always
be found which destabilize the closed-loop system. The proof of the
theorem is based on examination of the perturbed closed-loop system
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It can be shown that A22’ B2, Cz’ Fzz' Gz’ and H2 can always be found to
make the matrix
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unstable; hence, the closed-loop system is unstable for & > 0.

An important property of the perturbations {1) is that, in a certain
sense, they exhibit the same input-output behavior as the nominal system.
Specifically, let % = all C1 functions w:{0,7] — R"  with u{0) = 0,
max Jfu(t))f < KO' and max "ﬁ(t)" < K1 for some finite constants r, K and

1
Kz‘ independent of u.

Theorem 2 If 6 > 0, there exists g¢ > 0 such that, whenever u € % and
0 £ € < gg, the respective outputs y and ye of (1) and (2) satisfy

max fly(t) - yc(t)" < 8.
oLt<r

Interpreting the number & as the minimum achievable measurement error,
Theorem 2 shows that the nominal model (A,B,C,D) and the perturbed model
(1) are equivalent in an input-output sense for sufficiently small £. An
analogous statement applies to the compensator. Hence, Theorems 1 and 2
combine to show that, if only input-output information Is available in the
plant and compensator models, stable closed-loop behavior can never be
guaranteed.
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