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Abstract We consider a linear process, y = Zsat[u], controlled by a feedback Fu = (F — PR)sat[u] — PSy + PT'r. What happens when 9 = 098

Here, F, P are anti-windup compensators. We choose F as the nominal closed-loop characteristic polynomial

a = RA + SB while P is obtained by a Hs-optimation, where fast recovery after desaturation is traded against P — Astab, ,C — Stab —1
the stability margin by tuning a single parameter, p. We show that when tuning to attain a fast recovery after
desaturation, this will also affact the instant of desaturation in a very desirable way. o — stab sat [u] _ %Uz
B
/ \ / \ H(S — Astab
System Structure, in polynomial form Tools for Analysis and Design
r U v Y
— PT % sat % § = satfu] —u = %sat[ 1 - %7' a=RA+SB Assume that A is stable. Then
. _ BT, , BF
y=ui + ys =Hir + Hsd = S°r + 5p0 e L, — 0, which guarantees stability,
F—PR L, = 75 — 1 - loop gain around sat|']
e u = u; which gives § = sat[u] — u;, and
i The aim of the design is to obtain a fast recovery af- B

e the plant recovers as =.
ter desaturation (p — 0), while preserving stability - v A

e controller with anti-windup (p = ), see [2]. In case of MIMO systems, see [3].

Fu = (F — PR)sat[u] — PSy + PTr
Example: Step response

The control signal, u, saturates (sat[u] red in the lower

= [#all; + ol (€0 + 1) = 1]

e R S, T - nominal controller
Ru=—-Sy+Tr or

o [P

=(1-

Ryu — Sy+1Tr

- anti-windup

compensation

Minimize J with respect to F' and P by selecting

diagram) due to the step in r. Since u = u;, (u;, green
in the lower diagram), v desaturates at the same time
instant as u; passes the «™%* limit (in this case 2). The

F=a«a, rPP*=BB*"+ pAA*

. . E
el g [ output recovers with the plant dynamics 7.
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What about stability?
Studyﬁvzg—ll

u, (green) and sat[u] (red)
14 T T T

What happens when p — 07
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Assume that B is “stable”. Then

e ) - L (y yi), and

k

e the plant recovers as bpg™", (k-time delay in the

plant).

e Stability is not guaranteed.

Example: Step response

The control signal, u, saturates (sat[u] red in the lower
diagram) due to the step in r. Since 0 = ¢ LW —vi), u
will desaturate k samples before the mtersectzon ymer =

y; and y recovers completely within k& samples after de-
saturation (in this case k = 2).
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Tuning p — 0 gives the most desirable per-
formance, as long as stability is maintaned,
and repeated re-saturations, which might oc-
cur after desaturation, are few. These unde-
sired effects can be predicted by study a of

L, in a Nyquist plot. /

\_

recover?

Study Hs = 5
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