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1 Introduction d Faulty PWA plant 5,

The task of control reconfiguration is to automatically find a
new controller after the occurrence of a fault or failurectsu
that the reconfigured closed-loop system approximately sat
isfies the same control specifications as the nominal closed-
loop system [1, 2]. The synthesis must happen autonomously
and unsupervised by human engineers, which distinguislees t
reconfiguration task from ordinary control synthesis. Iisth Y,
project, the fault-hiding concept is extended from linegs-s

tems to PWA systems for actuator faults and sensor fauks.ali . -~
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2 Reconfigurable control problem

B, =C(
In this project, the control reconfiguration problem is istie IE/ @ C =0
gated for piecewisefaine (PWA) systems. PWA models ex-
press state-dependent switching dynamics. Furthernioeg, t = z, -
may be used to approximate continuous nonlinear dynamics.
This class of systems is described by the equations
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. PWA virtual Iz
X(t) = Aix(t) + b + Buc(t) + Bqd(t), x(0) = xo actuator X,
forxeA;,i=1,...,p
(1) B
y(t) =Cx(t)
Z(t) = Cux(b), u, Y.

Nominal controller }_, T

Zp:

where it is assumed that the output is a linear combination of

the states and the right-hand side is continuous ia andd,  Figure 1: PWA reconfiguration block and closed-loop system.
andx € R", u e R™ d e R". The polytopes\; represent the
state-space partition and define the switching law. Actuaid

sensor faults are modelled as changes in the vector field, training dfort in the case where the controller is a human be-

ing. Thefault-hiding principleenables this idea by inserting a

X1(t) = Aixe(t) + by + Brug(t) + Bgd(t) reconfiguration blockg into the closed-loop system.
for xr € A i’— 1 X1 (0) = X The reconfiguration block (Figure 1) is realised for actuatal
Zpf: FEAL =L X)) = X0 (2) sensor faults by the combination oP&VA virtual sensor
yr(t) =Crxt(t) _
zi(t) = Cyx(t), Xi(t) = AsiXs(t)+ari+Brug(t) + Lys(t)
forXseAj, i=1,....p, X1(0)=X
where the index is used to denote faulty behaviour. This fault Zs: 4. e N . %1(0)=%ro (3)
¢ actuator degradation and failure as well as blockage at ar- Asi = Ai-LCy.

bitrary positions,
e sensor degradation and failure.
Control reconfiguration should solve the following probgem X(t) = AjX(t) +aj + Bug(t), X(0) = Xso
 closecoop sy recoven 17 Tersenn ot
P J Y Ye(®) = Fe(t) + Cxa(t)

3 Reconfiguration approach ur() =Mxa()+Btay;

The central idea used in this project is to retain the nomirvehere
controllerXc as a part of the closed-loop system to preserve . R . ,
the design knowledge it contains, or to minimize the reglire  Xa(®) = X(0) = X¢(t), &(t) = X¢(t) - x¢(1), anj = aj - ayj.
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and aPWA virtual actuator

(4)



The virtual actuator is a predictor for theffldirence between the

g 05f ' ' ' ' ' 3
state trajectories of the nominal and faulty plant starfiogn g Jai] flfe2
the same initial state. The prediction is used for state-fe« % 50 100 150 200 %0 300
back, which achieves the required closed-loop stabilithe T . 01 , , , _ :
term B} ayj compensates blocked actuators if and only if 5008 f/_\f‘_ 7 |
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and if the actuation ranges of the remaining actuators dfie st = N =i —uy ‘ ‘ ]
ciently large. =0 50 100 150 200 250 300
. : 3200 T ' e S e
4  Stability, performance and synthesis 210 ‘ Cew) | ‘
It has been shown [3, 4] that ) 0 50 10 150 200 250 300
« the reconfigured closed-loop system (2), (3), (4) is glo= 1322 I ' “—tue | estmate |
ally input-to-state stable (ISS) < —1203b0 11 : : : ‘ J
if the suficient conditions for the observer error ISS Q0 50 100 150 200 250 300
. 1 T T ' T T .
Xs=X{ >0 <
. 0 — ‘
XsAi+ AT Xs—YsC; —C]YI <0,i=1,...,p 019° 50 100 150 200 250 300
and for the diference system ISS § 1r 1
0 i ‘ ‘
T 0 50 100 150 200 250 300
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AiXa+XaAl =BtYa—-YIB] <0,i=1,....p
Figure 3: Control reconfiguration after sensor and valvégau
are satisfied, where the gaihs® X31Ys andM 2 Y,X;! are

determined by the stability requirement. Further work has The disturbance estimate (yellow) also reflects the model er
VEY. but its mean is close to the true disturbance value. The

for constant setpoints and constant disturbances [3, g, dproach has also been evaluated by means of a thermofluid
e shown that this approach is robust against uncertaintyp g)

3, 6].

the model of the faulty plant [3]. cess [3, 6]

The tracking extensions are based on internal models ofthe .
ogenous reference and disturbance signals, which are emk;sed Cooperatlon

ded into the reconfiguration block. This project is done in cooperation with Prof. M. Heemels and

Prof. N. van de Wouw from the Control Systems Technology

5 Examp|e Group (CST) at Eindhoven University of Technology (&)
The Netherlands.

A two-tank system as shown in Figure 2 illustrates thesesidea
The right tankT, represents a direct supply to a consumer

hence its level must meet strict requirements to produce References
desired supply pressure. The left tafikis a buter fed by a
variable speed pump. The connecting flow between the tal
is controlled by continuous control value.
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Figure 2: Laboratory two-tank system.
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An example of reconfigurable control after failufe of the
level sensor foh; at time 35 s, blockage of the lower valve
u_, and degradation of the upper valug (f; at time 20 s) 6
is shown in Figure 3. Note that the plant is represented Hy fu
nonlinear dynamics, whereas the reconfiguration blockseta
on a piecewise fine model. In spite of the model mismatch,
the closed-loop system robustly recovers stability anckirey.
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