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1 Modd-based diagnosis are supposed known and, using the measured iagutd out-
puty, two sets

The aim of diagnosis is to determine if a running process is e
affected by some fault°. The task is pursued using input and Uk) ={u e R™ | |a(k) —u <eu(k)} (4)
output measurements, which represent the current betradfiou and Y(k)={y eR" | |gk) —y| <ey(k)} (5)

the process. The general structure of a diagnosis scheme is . ) ) ]
shown in Fig. 1. are described which guaranteed to contain the true input and

output

fo ’ [e] o
. f " w®(k) €U(k) and y°(k) € Y(k). ®)

Process( ,

d = d : :
=0 _ a7 ] 3 Robust diagnostic approach
u
Diagnosis Complex faults may only be distinguished from the faultless

operation by analysing the dynamic behaviour. For thisaeas
sequences of /O over a finite time horiz@nk] are considered
br U=U0...F) = (w(0),u(l),....u(R),

k)= (y(()),y(l), . ,y(l::)).
ABased on the unknown-but-bounded assumption (3), the di-

osis must determine which of the dynamic models,
F, may generate an I/O within the sequences of sets

Models ./\/lf , feF

Figure 1: Ideal diagnosis Y =Y(0.

State of the art diagnosis implements additionally one orem
models which characterise the process dynamics for spec?@g
fault cases, [1]. As such, model-based diagnosis must-de ef

mine the match between input-output (I/O) behaviour and the U=UO.. k) = (U(O) u),. .. u(,—g)) @)
given models. In this project, the emphasis lies on the densi _ ’ R
ation of process uncertainty which is caused either by esos Y=Y0...k)= (y(o)’ Y(),... 7y(k))~ (8)

me_asurements or by appr_oxmate models. A method_ls_sougm:h a model is said to be consistent with the sequence of I/0
which offers robustness with respect to these uncertaintie sets and is noted

. UIN0...k). 9
2 Framework of operation My UY)(0.. k) ©)
. _As the consistent model may not be unique, a robust diagnosis
LetF = {fo,f1,-..,fn} be the set containing all possiblgs aimed to describe the set of fault candidates
fault cases under consideration, wjthdescribing the faultless
process. Each fault € F has a modeM ; — considered here Fik)={feF|M;y = U,Y)(0...k)}

to be precisely known — described by the discrete-time syste
The method is described asnsistency-based and its result is

x(k+1) = Afx(k)+ Bfu(k), (1) then guaranteed to always include the true fault affectirey t
y(k) = Cjx(k) + Dy u(k). (2) processif° € F*(k),0 <k <k.

The true input.®° and outputy® are subject to measurement efFhe consistency (9) may be tested using a set-membersteép sta
rorsd,, andd,, and, hence, are unknown. As opposed to maapservation algorithm, as described in [2, 3]. Such an éfgar
methods which consider probabilistic distribution forgheer- describes the set (k) of statesz(k) which may be reached
rors, an unknown-but-bounded assumption is favoured in tireder consideration of the modgt ; and the sequence of I/O
following. This suits practical applications for which shas- sets (7)—(8). If any such state existe, X;(k) # @, then the

tic information is unknown or which inappropriately desei corresponding fault may have occurred. Derived from this-pr
the actual errordg. sensor offsets). Therefore, two bounds ciple, a recursive diagnostic algorithm is constructecbdews

(and illustrated in Fig. 2).
|du (k)| < eu(k) and [dy(k)| < ey(k) ®)
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Figure 2: Consistency-based diagnosis using set observers 0
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Consistency-Based Diagnostic Algorithm

GIVEN: . .
_ Figure 4: Consistency result
e The sequence of /0 sef&, Y)(0...k) g y

e The linear models\, Vf € IF

sets:
Loor: (Initialise k := 0 andF(—1) := F) _
1. Vf € F(k—1), computet; (k) the state-set observation {fo, fi, fa} if0<t<0.74s
for model M ; and I/O setsi/, V)(0.. . k), asin [2]. F(t) =< {f1, f2} if 0.74s <t < 1.06s
2. Preserve fault models which are not inconsistent: {f2} if 1.06s <t

_]:(k) ={f e Flk=1) | & (k) # 2} as seen in Fig. 4 (expressed in continuous-time).
3. If k <k, thenk := k + 1 and go to Step 1. A further example, obtained for an industrial applicatids,

RESULT: found in [4, 5].

e Set of fault modelsF (k).

Current research interest lies in the extension of the nagtho
o ) ogy to consider modelling uncertainties, as well as theyail
Due to simplifications implemented to render the S€lt jiagnosibility conditions. These topics are closeltet to

calculations computationally feasible, the diagnostgoathm i iiar issues regarding the state-set observer.

only computes an over approximation of the set of fault can-

didates. This relation, however, preserves the guararntieged
nostic result:

foe Fr (k) C F(k).
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