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1 Introduction
The reconfiguration of automatic controllers in response to
faulty plants is a central topic within the fault-tolerant control
framework [1, 2]. The task of control reconfiguration is to au-
tomatically find a new controller after the occurrence of a fault,
such that the reconfigured closed loop approximately satisfies
the original set of control specifications.
In this project, the control reconfiguration of linear plants
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ẋ(t) = Ax(t)+Buc(t)+Bd d(t), x(0)= x0

yc(t) = Cx(t)
(1)

after actuator and sensor faults expressed by modified inputand
output mapsB f and B f was investigated. A static reconfigu-
ration block was considered first (Figure 1), followed by a de-
sign method for its generalisation, the dynamic virtual actua-
tor [3–5].
The objective consists in reaching the trajectory recoverygoal,
which requires that the reconfigured closed loop has the same
transmission dynamics from reference to output as the nominal
loop.
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Figure 1: Statically reconfigured closed-loop system.

2 Input /output reconfiguration after
actuator faults

The notion of static I/O-reconfigurability is defined as follows.

Definition 1 (Static I/O-reconfigurability after actuator faults).
A plant isstatically I/O-reconfigurableafter actuator or sensor
faults, if there exist matricesN andP such that the static recon-
figurationu f (t)= Nuc(t), yc(t) = Py f (t) completely recovers its
I/O-behaviour

∀t > 0,uc(t), d(t) : y(t)− y f (t) = 0,

wherey andy f denote the nominal response to an inputuc or
disturbanced and the response of the faulty plant to the same
input. �
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Figure 2: Static I/O reconfiguration goal for actuator faults.

The idea is illustrated for actuator faults in Figure 2. The static
block is to be designed such that the difference between the
outputs of the (fictitious) nominal plant and reconfigured plant
vanishes.
The solution is formulated in terms of the Markov parameters
CAi B, i = 0, . . . ,n−1 of the nominal and faulty plants. They
represent a complete description of a system’s I/O-behaviour
and are hence well suitable for its recovery. The solvability
condition and the solution are formulated in the following The-
orem.

Theorem 1 (Static I/O-reconfiguration after actuator faults).
A plant is statically I/O-reconfigurable after actuator faults, if
and only if it fulfils the rank condition

rank
(

SOB f

)

= rank
(

SOB f SOB
)

(2)

with the observability matrixSO. The solution is

u f (t) = Nuc(t), N = (SOB f )
+SOB. (3)

In [4] it is shown that the reconfigured loop is internally stable,
if the nominal loop was internally stable and the faulty plant
is stabilisable, and the sensitivity of the approach to numerical
rank deficiencies is studied. It is found that rank test failures
due to numerical reasons still permit the successful use of this
approach.

3 Input /output reconfiguration after
sensor faults

The reconfiguration problem after sensor faults is dual to the
problem after actuator faults. Dual results are obtained, which
however differentiate with respect to inputs and disturbances.

Theorem 2(Static trajectory recovery after sensor faults). The
reconfiguration problem after sensor faults is solvable with re-
spect to the reference behaviour if and only if

rank
(

C f SC

)

= rank

(

C f SC

CSC

)



holds and is solved by the static block

P = CSC(C f SC)+,

whereSC is the controllability matrix with respect to the input
uc. The problem is solvable with respect to the disturbance
behaviour if and only if

rank
(

C f SC,d

)

= rank

(

C f SC,d

CSC,d

)

holds and solved by the static block

Pd = CSC,d(C f SC,d)+, (4)

whereSC,d is the controllability matrix with respect to the dis-
turbance inputd.

4 Example: Two-tank system
The plant consists of two tanks T1, T2 interconnected by valves
with the control inputsuL anduU , where T1 is filled via pump
uP as shown in Figure 3. Valves are electromechanically driven
with the motor statesvL andvU . The controlled quantities are

the levelsh1 andh2. The state isx =
(

vL vU h1 h2

)T
. The

tank system is described by the linear model (1) with
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, B f = 103
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, Bd =
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0 0 1 0 0 0
0 0 0 0 1 0
0 0 0 0 0 1



















, C f =



















0 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 1



















and controlled by two decentralised PI-controllers.
After a blocking lower valve (f : t > t f uL = 0) at fault timet f ,
the plant is statically I/O-reconfigurable according to Condi-
tion (2). The reconfiguration (3) yields

N =



















1 0 0
0 0 0
0 0.9167 1



















.

The behaviour of the successfully reconfigured plant with fault
f occurring att f = 250 s is shown in Figure 4. After the fault
at t f = 250 s and reconfiguration att = 260 s, the control action
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Figure 3: Laboratory two-tank system.
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Figure 4: Reconfiguration after lower valve (uL, blue) failure to
upper valve (uU , magenta).

is redirected from the lower to the upper valve. This action
appears logical, but it is not found by the well-known pseudo-
inverse method.
The approach was also successfully applied to a thermofluid
process [6–8].

5 Generalised virtual actuator
In addition to its use as a stand-alone reconfiguration approach,
the design for recovery of the I/O-behaviour can be used as part
of a dynamic virtual actuator design approach. Its static block
is designed to minimise the output correction of the virtualac-
tuator for fault hiding. This approach was studied in [4].
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