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ABSTRACT

This paper presents a Boolean discrete event
model based approach for Fault Detection and
Isolation (FDI) of manufacturing systems.
This approach considers a system as a set of
independent components composed of discrete
actuators and their associated discrete sensors.
Each component model is only aware of its
local desired fault free behavior. The
occurrence of a fault entailing the violation of
the desired behavior is detected and the
potential responsible candidates are isolated
using event sequences, time delays between
correlated events and state conditions,
characterized by sensor readings and control
signals. The proposed approach is applied to a
flexible manufacturing system.

INTRODUCTION

The basic idea of Fault Detection and Isolation|jRF®

to collect sequences of observations (or symptoms),

decentralized, i.e. they are composed of several
subsystems or components possessing their own local
information. Decentralized approaches (Debaikal,
200Q Garcia and Yoo, 2005; Qiu and Kumar, 2006;
Wang, et al, 2007 are an alternative to achieve the
diagnosis of systems of this type. In these appresc
the diagnosis is performed based on a set of local
diagnosers. Each local diagnoser is responsibleafor
restricted area of the system. Since no commubitati
is allowed among the local diagnosers, a globalehod
of the system is required to take into accountlithies
between the interrelated components.

In this paper, we propose a decentralized fau# fre
model based approach to diagnose plant faults &§DE
The independence property between system
components is exploited in order to describe tlodal
model by the fault free models of its componentxte
component is composed of an actuator and its
associated sensors. These models are represented as
Boolean DES models. A behavior which does not
correspond to a normal one is considered as a fault
behavior. Component elements (actuator/sensor),
responsible for this fault behavior, are consideasd

order to decide whether or not a system is workingfault candidates.
normally (fault detection). Then, if a fault is deted,

FDI reports (fault isolation) which fault has ocd or

the most likely to have occurred. Each fault thah c
result in a certain symptom is considered as ailpess The last section concludes the paper and presgutef
fault candidate.
The principal advantage of FDI approaches using
both normal and fault behaviors, is the precisibthe

fault

isolation. However,

integrating the system

The paper is structured as follows. In sectiorh2, t
proposed approach is presented. In section 3, the
approach is applied to a flexible manufacturingesys
research directions.

2 PROPOSED APPROACH

behavior in response to a predefined set of fault2.1 Boolean modelsof system components
increases significantly the model size. In additionly

predefined faults can be diagnosed TheseWe use  Boolean ~DES = (BDES) modeling
disadvantages can be avoided using a fault freeemod(Aveyard’ 1973)  to model  the equipment

(Pucel,et al., 2009 Roth, et al, 2009. However, the

fault isolation cannot be as precise as the onegusi

normal and fault behaviors. . P
Performing the diagnosis of a large scale DiscretdP@rticular componentc, i0{1..n}. The model

Event System (DES) by using a global model isez(z,Q,Y,a,h,go) is represented as a Moore
unrealistic. In addition, this type of systems &umnally

(sensors/actuators) behavior of a system. The ryste
model G consists ofn local models:G',..., G"; each
one owns its local observable events responsible fo

automaton and. = L(G) denotes its corresponding



21% International Workshop on Principles of Diagno8i310

prefixed closed languageX is a finite set of events
and it includes the observable and unobservabletgve

Q is the set of statey¥, is the output spacej: X x Q
— Qis the partial transition function, anB’ is the set
of all event sequences of the langu&{®). The partial
transition functiond(o,q) provides the next state i

occurs af. h: Q - Yis the output functiorh(q) is the
observed output ag. o is the initial state. Let

z, :{HFl,HFZ,...,HFr} be the set of fault partitions.
Each fault partition corresponds to some kindsaofts

in an equipment element (sensor/actuator).
Controllable events . 00X are defined as

controller outputs sent to actuators and uncoratpte!
events 2 00X as controller inputs coming from

sensors.(Z, =X 0X,) 02 is the set of observable

= 0, the value ofp" state variableh, will remain
unchanged whem occurs. Thus, the output vector can
be calculated by:

q,=0(0q)=>h=h0E
The symbol ‘1" denotes the logical
Exclusive-OR.

The set of all the displacement vectors of all the
events provides the displacement maftx For each

1)

operator

event a0ZX,, an  enablement  condition,
en, (qi)D{OJ} , iIs defined in order to indicate if event
a can occur at stateg, en,(g;)=1, or not,

en, (g;) =0. Consequently, (1) can be re-written as:

9, =d(e.q)=>h =hO(E.en(q) ()
The symbol “.” denotes the logical operator AND.

events. Typically, observable events in a system ar2-2 Constrained Boolean models of system

either enabled/disabled commands or changes obisens
readings. Unobservable events are failure events of ¢
other events which cause changes in the system stat

not recorded by sensors.

Let G and its corresponding prefixed closed
languagel' = L(G), be the local model of the restricted
area of the system observed by this model

G' =(2‘,Q‘ Y 8 H ,dﬂ) is represented as a Moore
automaton.X) = X! 0 X is the set of local observable

events byG, and X! 0 X, . The other notations have

the usual definition but for the restricted areaesbed
by G'. The modelG is the synchronous composition of
all the local modelsG = G ||G?||...|G". G observes

the system by a global projection function or mask,

R:X O{¢ - 2,

o0
sequence. Similarly, a local projection functiom dze
defined for each local model G as:

P:2" O{¢} - 2, . A stateg; of G is represented by
an output vectorh; considered as a Boolean vector
whose components(h;,,....h, ,...h, ).h, D{ 0,4, are

where ¢ denotes the empty

Boolean variables. A transition from one state to

another one is defined as a change of a stateblaria
from O to 1, or from 1 to 0. Thus, each transition
produces an event: characterized by either rising,
a=th,, or faling, a=lh,, edges where
p0{12,....d}.

In order to describe the effect of the occurrente o
an eventa 0 2, a displacement vecté, is used. It is

defined as a Boolean vectdt, =(€;1---€4ps--+€ad )

in {O,J}d. If e, =1, then the value ¢f" state variable

hj, will be complemented whea occurs. While ifeg,

components

S=(2,Qs,Y.05,h,q) denote the constrained

system model, characterized as a Moore automatton. |
defines the global desired behaviour of the systach
it is represented by the prefixed closed specificat

languageK = L(§ O L(G). S can be obtained using

different algorithms from the literature as the ®ne
developed in (Philippotet al.,, 2007 Wonham and
Ramadge, 1987) and the references therein. Torpbtai
the transition functiodg, the enablement conditions

for all system eventsJaZX, , at each state must

satisfy all the specificationls, representing the desired
behavior. Thus, the constrained system model amhtai
only the authorized events at each state. When the
enablement condition of an event is not satisftbis
indicates the occurrence of a fault.

~ Each local modeG' has a local constrained model
S, which is a part of the global constrained ma8leb

is represented by the specification langukge L(S),
which is included inK. S is a Moore automaton:

S :(2i Q.Y J.h q) and Q;0Q'. All these
notations have the usual definition but for thealoc
constrained system mods!

2.3 Modelling timing delays of events

In this paper, we define a set of expected consempse
EC; for each controllable evengJX, in order to

predict uncontrollable but observable consequent
events within predefined time intervalsEC; is

constructed for controllable events and it deserithe
next events that should occur and the relative time
intervals in which they are expected. The predefine
time intervals are determined by experts or byriiear
according to the system dynamics and to the desired
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behavior. Let fu be an observable event sequenceoccur starting from any state of the desired beravi
This fault is unobservable and it leads the systera

starting by controllable eventf, and ending b o
g by ¥ 9 vy fault state. Each fault state must be reached mvighi
observable but uncontrollable event sequence= finite time delay for all the event sequences it

aa,.-0, 01X, . Then, the set of expected consequencesgead to this state starting from any other one haf t
EC,(u) is created wheng occurs. aa,..a, is the  desired behavior states.

longest uncontrollable but observable event secaignc Let ¥ define the set of all event sequences ending
response  to . ECgz(u) has the form: by a fault belonging to fault partition’Z, . Thus,

{CZI,E?,C;Z Cy e .G oG _("j} . Cy s a v, :U'j:1(5”Fj) denotes the set of all event sequences
¢ ending by a fault belonging to a fault partition bf, .

-G . Consequently?. 0O (L - K), i.e. all the fault
case of a normal behaviorCs; is a negative F _
consequence which should not be satisfied in a abrm Sequences ending by a fault af, are considered as
behaviour. They are defined as follows: violation of the specification language

_ i) 7 e T The FDI of a global modet is defined as follows.
G —{q,(% i <ty <l j G =@, Gat, <Gt K01 Let Bpf be an event sequence starting by controllable

A is the maximal time period within which eveat  event 8. p is an event sequence that ends by a failure

is expected to occur. The positive consequence sneamnsyent andd is a continuation ofp. In order to ensure
that evento; should happen at statg, and withinthe e ta1t detection, the following condition mustd

time interval 2., t&.]. If it is the case, then the (CBpO OL: p Uy ) (PO) = oy,

=
positive expected consequence is satisfied. Otlserwi l6]=kOIN)((OQ (3)
the positive expected consequence is not satiafiedt EF, (¢,) =1oren, (9)=0

provides the set of fault labelg as the cause of this . .
. ) . The satisfaction of (3) ensures that any event esecp!
non satisfaction. The negative expected consequenc@oating the global desired behavior, due to the

means that if event;, occurred aftert[,, then this  occurrence of a fault, must be detected by:

satisfaction indicates a fault behavior and it jes -) the non satisfaction of the positive expected
consequence related to event,

positive consequence which should be satisfiechn

the set of fault Iabelsl_f;i as the cause of this . . .
. . - ! -) the satisfaction of the negative expected comsece

satisfaction. Positive consequences are used&o tiné lated t &

fault candidates in the case of non occurrencenof a'c €@ 10 ever? kr o .

event. While negative consequences are used to infe) the non satisfaction of the enablement conditén

the fault candidates in the case of too late eventhe latest observable but uncontrollable evenin the

occurrences. The late occurrence of an evenkvent sequence.

characterizes a degraded behavior of a systemt Fauthis detection is performed in a finite time delay;

behavior causes the production halt while a degrade specifically atkk event transitions aftep.

one reduces the optimal prp_duction p'erformance. In this paper, we assume that at most one fault may
Each expected positive/negative consequencccyr at a time. The set of fault candidates can be

{Ca‘ E;} is evaluated by an expected function determined as follows. Lét, denote the state variable
’ describing the discrete status (on/off) of sermoket

EF,(«). EF,(«) is equal to 1 if the positive {T h

oo b hjp} be the events produced by this state

consequence&C; related to event is not satisfied or | o op1e o state;. The non occurrence of h, in the

its associated negative consequeﬂ?‘fé is satisfied. expected normal time interval generates the folhgwi
While it is equal to zero if the positive expected fault candidates as an explanatiolf: = {"sensor p

consequence is satisfied. If a positive consequésice pjocked at 17, “actuator associated with sersetuck-
satisfied, then its associated negative one is NOL# “getuator associated with sens@r acting 0o
satisfied. slowly according to its normal behavior”}. The ttaie

occurrence ofl h,, generates the fault candidat_é: =

{"actuator associated with senspracting too slowly
according to its normal behavior}. Ifen (q)=0

2.4 Fault detection and isolation

A behavior which does not correspond to a normal on
is considered as a fault behavior. Thus, a fault ca
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becauséy, = 1, then the fault candidatg is {“sensor ~ automata do not have any common synchronisation

p blocked at 17}. In the contrary case, ifg, = 0, the event.

fault candidatelgi is {“sensorp blocked at 0"}.

Activation of a commands 0%,

FCAN, ={}; NFCAN =}

Progressive monitoring aims at reducing the nundber —~ [Fremosioi
fault candidates thanks to the occurrence of neantsv

The fault candidates which are no more consistéfit w No
the occurrence of a new event will be deleted efght
of fault candidates. In addition, only the commanlf
candidates explaining together the non satisfaatibn
positive consequences and enablement conditions or
the satisfaction of negative consequences are Kej.

is justified since one fault may occur at a timet L
FCAN, be the set of fault candidates in the case of the

2.5 Progressive monitoring

FCAN, #{} = FCAN, =( FCAN n )\ NFCAN
FCAN, ={} = FCAN, = [\ NFCAN

NFCAN, = NFCAN O }
FCAN, = FCAN,\ NFCAN

Cj is satisfied

No

NFCAN, = NFCAN 0
FCAND, = FCAND \ NFCAND

occurrence of controllable event. If en (q)=0,

then FCAN,=1[. If o =th, (respectively
i NFCAN, = NFCAN O |
FCAN, = FCAN,\ NFCAN

FCAN, #{} = FCAN, =( FCAN n J)\ NFCAN
FCAN, ={} = FCAN, = [\ NFCAN

l

o; =1 h) and its enablement condition is satisfied:

en, (q)=1, then sensorp is not blocked at O

(respectively sensop is not blocked at 1). Thus, the
fault candidate: “sensqp blocked at 0” (respectively N0 |
“sensorp blocked at 1”) will be removed from the fault ves
candidates. The same reasoning is applied for the

satisfaction of the positive expected consequendtkeo ) ) o )
non satisfaction of the negative expected consexguen Figure 1: Progressive morl|t_or|ng _flowchar‘_[] " is the
related to the occurrence of an event Therefore, the union set operation, i " is the intersection set

set of fault candidates is reduced by both eliniigat operation, and "\"is the difference set operation

the fault candidates which are no more consistetfit w We adapt the notion of decentralized diagnosis
the occurrence of an event and by keeping thgSengupta and Tripakis, 2002), defined for models
candidates explaining together the non satisfactibn containing both normal and fault behaviors, for ¢chse
positive consequences and enablement conditions anof normal behavior models. A system is decentrally
the satisfaction of negative consequences. LefDI iff each fault occurrence can be detected dsd i
NFCAN, be the set of fault candidates to be removedassociated set of responsible candidates can be
generated based on a set of local models and af set

from FCAN, . The set of fault candidates is reduced as
s inter-local models message events. In order torensu

No

[l
=

it is depicted in Figure 1. the decentralized FDI, the following conditions mus
hold:

2.6 Decentralized fault detection and isolation (CRODIL)(DOTK : P () = 0yt )

The system considered in this paper is composeal of (0 D{L,...n} )OqO Q)= er) ()= 1( )

set of independent components;: i 0{,...n} . Two ‘

com(gjonent:t;i andd, respectively, their local mode® (B0 OL)(p OL-K)(P (0) =a...) .

andG, are considered as independent if they verify the G2 0

following two proprieties: the state-independend &me ( ‘ {120 HOQ) ()

transition-independent ones. The first propertyr(ie erj,k(o):o or Ef (@ )=1

and Grastien, 2007) states thatGf and G are a -

decomposition of their global modeG’ =G || G, Condition (4) means that all the enablement

conditions of all the local desired models must be
satisfied for any event of a sequence belonginthéo
global desired behavior. Thus, this condition eesur
that no conflict can occur between local desiredief®
for the enablement of events at any state of tisgratk

then each one of them has a unique initial statteisT
the global model can be retrieved by their syncbusn
composition. The transition-independence propesty i
satisfied between two local mode® and G if their
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behavior. The satisfaction of (5) ensures that ergnt
sequence violating the global desired behavior, tdue
the occurrence of a fault, must be detected byhiagc
at least one statg At this state, the detection is based
on the non satisfaction of the enablement conditibn
the latest eveni, in the event sequence, of its positive

expected consequence or on the satisfaction of its

negative expected consequence.

If the system is composed of independent
components, there is no need for inter-models ngessa
to ensure a decentralized FDI
centralized FDI.

3 PICK AND PLACE STATION EXAMPLE

To Iillustrate the proposed approach, we use the

example of Figure 2 which presents a flexible
manufacturing system platform calledcellflex
(http://meserp.free.fy/

Stock sation

Bottles conveyer

Processing
ation

Station of
manipulation of
caressed hottles

Corkssupply station ’

S5
- - ation

Figure 2: Flexible manufacturing system

equivalent to the
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| xaxis cylinder

| Y axis cylinder |

]

| zaxis cylinder I

Actuators

Z axis in upper end position

Z axis in lower end position |4 |

Y axis in retracted position (station si

D

CONTROLLER

Y axis in extended position

Xaxis at slide 2

|
|
|
f X axis at feeding belt
I
|
T
I

X axis at middle position (slide 1)

Gripper opened

Gripper closed

Sensors Effector

Figure 3: Actuators and sensors of pick and place
station

Table 1: Fault candidates for theaxis plant elements

Type | Label | Description

2 Byr sensolyg blocked at 1

-% Byr | sensolg blocked at O

< Bye sensolye blocked at 1

3 Bye sensolye blocked at 0

= Bvin DAC blocked in retracted direction

F Bvout DAC blocked in extended direction

DAC acting too slowly in extended

Dy.> direction compared to normal

T L behavior

= -g DAC acting too slowly in retracted

5 8 | Dy direction compared to normal

S9 behavior T

We focus on the pick and place station; the other3-1 Fault freemodelsof the Y axis plant elements

stations can be treated by the same reasoning.aRitk
place station performs import and export of pidogs

TheY axis actuator is a Double Acting Cylinder (DAC)
where retracted and extended positions are indicate

gripper using a pneumatic system of 3 axes. Thifrespectively by two sensoys andye (Figure 4).

station is composed of 4 actuators piloted by 6 pre
actuators. The information about the behavior & th
station is provided by 9 sensors (Figure 3). Fathea
plant element (sensor/actuator), we can enumesdte,
the help of an expert, the potential fault or ddgch
behaviors and their responsible candidates.

using theY axis. The same reasoning can be followed
for the construction of the other axis. The axis
actuator is a Double Acting Cylinder (DAC) where
positions are given by two sensors, retracggdand
extended yz positions. Table 1 shows the fault
candidates for th¥ axis.

We
illustrate the application of the proposed approach

YR

Vin V<. V.- Vou
Out In

Figure 4: Elements of théaxis

Ye
8

Figure 5 and Figure 6 illustrate the fault free migd
of theY axis plant elements. The mod&ic (Figure 6)
evolves from its initial statgy/V), after the occurrence
of tOut Stateqy/V,, indicates that the piston rod is in
home position. The occurrence 1@ut leads the piston
rod to move forward. This piston rod movement is
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represented by dynamic staig,/V... The outputV.. Y axis Plant Elements
indicates that the piston rod is in movement towatsl
fully extended position. The tim& required to reach
this position is assigned to the time variable In the
same time, a local clockis initiated to calculate the
spent time during the forward movement. At this
dynamic state, when the valuetdfecomes equal to the ] ]
one allocated to4, this means that the actuator has Figure 7: Observable events of theY axis plant
reached its fully extended position. Therefo@sac elements

reaches statg, with the outputVo,. The deactivation Local constrained system mod&|for submodeGY

of Out Iead_s the system to b(_e in statewith the output  of the Y axis is depicted in Figure 8. Sine@y DAC

Vou At this state, control signdiin can occur. This  jth 2 positions has always the same desired behavi
activation leads the piston rod to return to itsnRO  the constrained model can be obtained from a Korar
position. ThusGpac evolves to dynamic statg, with In the case of DAC withn positions, several
the outputv.. indicating that the piston rod is in inverse ¢onstrained models can be obtained according to the
movement. The timd is assigned to4. Then, the  gjopal desired behavior. In (Philippat al., 2007 an

local clock is initiated again to calculate thepsled  gigorithm is defined to extract the local desired
time in the inverse movement. When this time be@me pehavior based on the global one.

equal to the one allocated t, the piston arrives to its
home position indicated by reaching statév,,. The S h:yaye Outin
deactivation ofn transits the system to its initial state.

g Y axis cylinder

CONTROLLER
A
=

Y axis extended (conveyor side) |«

|
| I
I
| |
I
t Y axis retracted (station side) }
I
| I
I
T
| I
|

100¢ 101C 001c 011c

° 1 Out 1 YR T Ve
s
= tin 1Out

a) Sensoyx fault-free model

D)
% ‘

1001 0001 0101 010c

b) Sensope fault-free model Figure 8: Local CS(Lr:)sr':g:jneeldésystem modelf&
Figure 5: Fault free models of senspesndye In BDES modelling, the desired behavior can be

described using two tables; the first one explahres

ﬁw out, Ts>A ,f’h*;\ Out.t:=A m enablement conditions for the occurrence of eagmtev
Vi =\\ Vo > Vou and the second one is the displacement matrixhier t
estimation of the state output vector of each state.
These tables are shown respectively in Table 2 and
Table 3 forS'.
1 In | Out
Table 2: Enablement conditions fof S
R Event:s of S |Enable conditionen’
9 N In.t:=A/ d% "y In Ts>/\/q—3\ 7 i
N N Ve WVou/ Ve Yr- lye. /Out. In
i LYR Yr. iye. Out. /in
Figure 6: DAC fault free model
9 Ve Vr- Ve. Out. /In
3.2 Desired behavior model of the Y axis 1Ye Yr- ¥e. fOut. In
. . . TOut YR - /yE- /Out. /In
TheY axis plant is represented as a block; its inprgs a Lout Ya. Ye. OUt. /in
control signalsin and Out, and its outputs are sensor = '
di dve (Fi 7). Whertout h tIn Yr. Ye- /Out. /In
readingsyr andyg (Figure 7). entOut occurs, the 1in Ve. iyc. Out. In

normal response ig/r followed by1ye.
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Table 3: Displacement matri’ for S interval. Figure 9 presents the learning extrajpmtat
after the occurrence ofOut
Ve [LY= [t¥e [Lye [tOut [|Out [1in [iin of
yr |1 1 |0 [0 |O 0 0|0 _
ye |0 0 |1 [1 [0 [0 Jo0]o Out=1 YR 1Y
Out |0 0 |0 |0 |1 1 0|0 = -
In |0 0 [0 |0 |0 |O 1)1 ]}\ ; |t
t1 t2 12 +40% t3 t4 t4+ A'm;asx

3.3 Definition of expected consequences
Figure 9: Learning extrapolation for time intervafs

We use expected consequences to model cylinder Sensor event occurrences in responsetot

response times. ForS', we define 2 expected
consequences:EC ,, and EC ., one for each 34 Generation of fault candidatesfor the Y axis

g?gmaenriaigaf\ﬁmem%t dand I(I)n(');zer felaizzIStT/Z?t The candidates responsible for the occurrencefafila .
YR Tve PECIVEY in a plant element (sensor/actuator) can be detedni

at statesq, andgs. After the occurrence dfOut |yriS  pased on its normal models as well as on its teatpor

expected to occur within the time intervél,[t2] and  constraints represented by a set of positive/negati

tye within the time interval tB, t4]. These time expected consequences. The following hypotheses are

intervals depend on system dynamics. We define th«considered:

maximum time 4 accepted for the cylinder -) all components fail independently with equal

response, in the case of degraded behavior, ewtaili likelihood,

-) one fault may occur at a time,
the occurrence of evegyr. If |yr does notoccur al, ) the controller is supposed to be dependablesafe

within [t1, t2], then either: -) the cylinder has not -) the cylinder does not fail during operation, iifeit
responded, -) the cylinder is acting too slowly,-pr  does fail, the fault occurs at the start of operatiThis
sensolyr is blocked at 1. Thus, the non satisfaction of means that a fault cannot occur during the cylinder
the corresponding positive expected consequence ahovement.

this state provides three fault candidates: “DAC  The fault candidates are generated as follows. When
blocked in retracted direction” indicated by thédh the Y axiscylinder is in the initial state (Fig 4) and
Bvin, “DAC acting too slowly in extended direction” when tOut occurs, the system transits to the next
indicated by the labdD,.., and “sensoyr blocked at 17 desired state characterized ®yt = 1,In = 0,yg = 1,
indicated by the laba,r. If |yr occurred but too lately, ye = 0. This state output vector is calculated ugity

then the provided fault is “DAC acting too slowly i h, =(h =1000)0 (E' = 0010) (101C. If  the
extended direction” indicated by the lab@{... The ) rout )
same reasoning can be followed for evehe. cylinder responds, then sensor evejyr will be

ConsequentyEC,, . can be written as follows: observgd within tfl, t2_] |nd|$:at|ng that the cylinder
1ou motor is not faulty. Sinceen’ (q) =1, see Table 2,

Con={! yR’(%[‘L 2] .{Br B DD} then this state corresponds to a state of the etksir
cl {1 yR’(q’]Q’ '2+Aim)$<|:’{D\/—>})}’ behaviourS". If event 1yz occurred at the statey,

EC

o = instead of expected event y,, then erny (g,) =

CTyE =1 y y B, 9 y ) ) >S5 i
o =1 %(6[8,¥] {Bye, By, DD} /Yq.l ye.Out/ In = 0. The only reason for this non
Ciou ={1 yE,(qg,]ﬂ, t4+A'my§x[,{Dv7>})} enablement, based on the conditionspf is the state
variable of sensowg. Thus, the fault candidate is

eFCANT0ut ={ ByR} . If there is no sensor event within

Similarly, the expected consequences for th
enablement of commarid is defined.

To determine the acceptable time of displacementtl. 2], then positive expected consequerCg; is
of the DAC in the case of normal and degradednot satisfied and the fault candidates are gendrase
behaviors, we have established a learning phaset aboggiows: FCAN, = |'"R :{ B, D, B/R} . The
the system normal behavior. The goal of this leayris o ow rou "
to obtain realistic time response intervals relatethe ~ S2Me reasoning can be followed for the other cates
system dynamics and to the actuators technologyd€neration of fault candidates.

These intervals are obtained by a learning extedjool
of the probability of the occurrence of an eventhis
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