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1 Introduction d /I E
The autonomous control reconfiguration of automatic cdéntro

loops after actuator faults is a key problem in fault-totei@on- Y @, h, L Y
trol that addresses component failures [1, 2]. Controlméeo

guration must autonomously find a new controller after the oc Faulty HW

currence of a fault or failure, such that the reconfiguredadb plant 2,

loop approximately satisfies the original set of controlcifpe
cations. In this project, the fault-hiding approach is gatised
from linear systems towards Hammerstein-Wiener (HW) sys-
tems for actuator and sensor faults.
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y(t) = h(Cx(1)). : _ . . :
Figure 1: Hammerstein-Wiener virtual sensor and virtuali-ac

Most technological systems are subjected to actuationera@éP’:

limits modelled as saturations. The input characteristiep-

resents static nonlinear behaviour, in particular actuetm-

straints.

The occurrence of actuator or sensor faults changes the n@n- Actuator faults in Hammerstein Sys-
inal Hammerstein-Wiener system to the faulty Hammerstein-

Wiener system tems

. xe(t) = AXe (1) + Bros (us () + Bad(t), X1(0)=Xo
' {yf (t) = h¢(Ct x£(1)). The special case of Hammerstein systeim) = x) and pure
(2) actuator faultsffs = h, Ct = C) leads to a simplified recon-
By virtue of changed input and output matric&s ( Cs) and figuration block, namely a Hammerstein virtual actuatog(Fi
characteristicsg, h), degraded and failed actuators, degradéée 2) that reflects the nonlinear input characteristic eftfant.
and failed sensors, and reduced actuation ranges can tee rdgte reconfigured plant hides the fault from the controlled a
sented. The pursued reconfiguration goals are stabiligveecthe loop stabilisation problem is separated into the inddpat
ery, setpoint tracking recovery, and optimal performaecey- nominal loop stability problem, and the stabilisation desh
ery. of the diference system. For this type of system, the following
The reconfiguration blocEr = (2s,2) is realised by meansresults have been proven [3-5]:

of an interconnection of a HW virtual sensbs and a HW vir-

tual actuatoa, as shown in Figure 1. Synthesis methods for ® Stability recovery,

determining stabilising gainsl, N, andL are provided in [3].  ® Setpoint tracking recovery (for saturated systems),

The synthesis procedure is based on absolute stabilityytheo ® optimal performance recovery (for saturated systems),

and sector bounds for the input characterigii@nd the output ~ ® robustness against model uncertainty,
characteristidy;. o state-feedback universality.
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Figure 2: Hammerstein virtual actuator.

4 Sensor faults in Hammerstein-
Wiener systems

The special case of Hammerstein-Wiener systems subject {
pure sensor faultgpf = ¢, Bf = B) leads to a simplified recon-
figuration block, namely a Hammerstein-Wiener virtual £ens
(Figure 3) that reflects all nonlinear characteristic of pent.
The following results have been proven [3]:

o stability recovery,

e robustness against model uncertainty,

e output-injection universality.
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Figure 3: Hammerstein-Wiener virtual sensor.

5 Experiments: thermofluid process

The result of an experimental application of the Hammaenstei
virtual actuator to the reconfiguration of the thermofluid-pr (]
cess subject to valve failure is shown in Figure 4. Clearly,
all three output variables¥¢s, Its, andvts, shown in solid)
attain their setpoints (shown in dashed) with good dynalnifgei
transient properties, and without violating physical saten-
straints (shown as grey shaded areas). The new metfi@is o
adequately accounts for the actuator saturations, andufis

(6]

ciently robust to be applicable to the real process. In surpgma
the Hammerstein virtual actuator improves considerabtynup
the results achievable using a linear virtual actuator {B]6
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Figure 4: Experimental reconfiguration after valve failure
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