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G (Jow (Jo)) <1

W (j )| =1 over the desired frequency range

and is the weighting function.
=o(S(Jw)) <1

&S (jow (jo)) <1 < ol +G(jo)K (jw))>W (jo)

= oG (jo)K (jo) > W (jo)|-1
Hence, good sensitivity reduction demands high gain control.
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Example 2.4.1. Consider the feedback loop shown in Figure 2.1 with K = -1

7 8 L0 7 817"
S EEN
6 7 0 2 ||6 7

as in Example 2.1.1.
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Figure 2.11: Singular value plots of 1/5(GKS(jw)) (solid) and 1/5(K S(jw))
(dashed).
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Figure 2.11 shows singular value plots indicating the robust stability margins
for multiplicative (solid) and additive (dashed) perturbations. At 3 rad/s, these
curves drop down to a minimum value of 0.0612, indicating that a multiplicative or
additive perturbation of infinity norm 0.0612 could destabilize the loop.

To show that this system can be destabilized by a stable rational additive per-
turbation with E(A( jw)) < 0.0612 for all real w, we will construct such an additive
perturbation. Using the singular value decomposition of K(I — GK )71(53), we
obtain the perturbation

!

5+0.0500 —0.6104 [ £=0.0864

A =0.0612 [
s+0.0864

0.6886 —0.7851 ( 50541
~0.7252 (255508 )

using the techniques described in the proof of Theorem 2.4.3; the details are re-
quested in the exercises.
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It can be seen that A is stable, that 7(A(jw)) = 0.0612 and that A it is
destabilizing. The destabilization property follows from the fact that

I - AK(I - GK)™1(53)

is singular. This means that the closed-loop system will have imaginary-axis poles
at +373.

The important point is that the singular values of closed-loop operators such as
K(I -GK)™' and GK(I — GK)~! give information about the ability of the loop
to tolerate modelling errors.

If we designed an optimally robust controller ignoring all other possible require-
ments, the solution would simply be K = 0! \V/
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