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Abstract: This paper presents a Boolean discrete event riiadeld approach for Fault Detection and
Isolation of manufacturing systems. This approamisiers a system as a set of components composed
of discrete actuators and their associated dis@@tsors. Each component model is only aware of its
local desired, fault-free, behavior. The occurrenfeany fault entailing the violation of the desire
behavior is detected and the potential responsibielidates are isolated using event sequences, time
delays between correlated events and state comsliticharacterized by sensors readings and control
signals issued by the controller. An applicatioaraple is used to illustrate the approach.

Keywords Discrete-Event Systems, Decentralized approacbhémnosis, Automata, Manufacturing

System.

1. INTRODUCTION

The complexity of man-made systems, such

faulty behaviors is the precision of the fault &an.
However, integrating the system behavior in respatas a
daredefined set of faults increases exponentially mhodel

communication networks, manufacturing systems, tetec Size. In addition, only predefined faults can bagdiosed.

power systems, ..., increases rapidly with the coofdeme.
It results from the large number of subcomponemtthese
systems and the large volume of information flowhisT
increasing complexity enhances the probability
unpredictable faults and failures.

The basic idea of Fault Detection and Isolation IJFB to

collect sequences of observations (or symptomsyyder to
decide whether or not a system is working norméfihult

detection). Then if a fault is detected, FDI repoftault

isolation) which fault has occurred (deterministiagnosis)
or the most likely to have occurred (probabilistiagnosis).
Each fault that can result in a certain symptomsemuence
of observations, is considered as a possible ¢anldlidate.

This disadvantage can be avoided using a faultiinedel.
However, the fault isolation cannot be as precisé¢ha one
using normal and faulty behaviors.

Of’en‘orming the diagnosis of large scale DES by qusin
global model is unrealistic. In addition, this typesystems is
naturally distributed, i.e., they are composed efesal
subsystems possessing their own local informafidrus in
this paper, we propose a distributed fault-free-aehddsed
approach to diagnose plant faults of large scalé&.DEhe
global model is described by its components faelef
models. Each component is composed of an actuatbits
associated sensors. These models are availablelilmaay

and represented as Boolean DES models. Each behavio

which does not correspond to a normal one is censitlas a

Generally, the FDI approaches are divided into rhodefaulty behavior. The components’ elements (actsator

reasoning and model-based approaches. The modeinieg
approaches (Devillez et al. 2004, Isermann 199#nstroct a
model about the system behavior based on an ititiedan
experience, e.g. expert systems, on a set of huatodata,
e.g. pattern recognition and signal processing atthetc.
The model-based approaches (Cordier et al.
Darkhovski et al. 2003, Hadjicostis 2005, Rozé le@02,
Patton el al. 2000, Sampath et al. 1995, Wang.e2G05)
establish a mathematical or analytical model abthe
behavior of a system. The model can contain thenabor
nominal behavior (fault-free behavior) or the norimashavior
as well as the system behavior for a predefinedk&ults.
The model may be quantitative, expressed in effgrdntial,
difference equations, or transfer functions, etor, a
qualitative model, e.g. a finite-state automatosetof logic
expressions, a combination of both, a Petri Net, et

The principal advantage of approaches using noramal

sensors) responsible of this faulty behavior amsicered as
potential fault candidates.

The paper is structured as follows. In sectiorh2,groposed
approach is presented. In section 3, a manufagtsgatem is

2007sed to illustrate the approach. The last sectomelades the

paper and presents future research directions.

2. MODEL-BASED FDI APPROACH

2.1 System components Boolean models

We use Boolean DES (BDES) modeling, introduced in
(Wang 2000), to model the equipments (sensors and

actuators) behavior of the system. The system m@ilel
consists of local modelsG',..., G, each one owns its local
observable events responsible of a restricted afethe



process. The modeG = (Z,Q,Y,J,h,qo) is represented as a displacement vectdg, is used. It is defined as a Boolean

Moore automaton anl = L(G) denotes its correspondingvector E, = (€41,---,€4p,-+€4g) IN IBY . If €mp = 1, then the
prefixed closed language> is a set of finite events and it th , o
includes the observable and unobservable evénisthe set value of p ' state variablehy, will be set or reset whew

. R _ occurs. While ife,, = 0, the value op" state variable,
of states,Y is the output spac&): ¥ x Q - Q is the state
transition function and=” is the set of all event sequences o
the language. (G). The transition functiord(o,q) provides
the set of possible next statesdf occurs ag. h: Q - Yis  Ug;,q; 0Q,0a0Z,,q; =d(a,q;)) = h; =h O E, @
the output functionh(q) is the observed output @t q, is the
initial state. LetS; ={/7¢ /T, .../ T } be the set of fault The symbol ‘0  denotes the logical operator Exclusive-OR.

partitiops. Each fa}ult partition corresponds to sokind of Similarly, we can define the displacement vectaws the
faults in an equipment element (sensor or actuatiir) other observable events. The set of all the dispient

consists of the set of faults which has the sanfecef yectors of all the events provides the displacemeattix E.
according to either the configuration or maintagnin 5,  each  evert 15 an enablement condition
[ ’

procedure. We assume that at most one fault mayr atca ) _ . o _
en, (g;) D{OJ} , Is defined in order to indicate if the evaent

time.
can occur at the statg, en,(qg;) =1, or not, en,(q;) =0.
Consequently, (1) can be re-written as:

Yvill remain unchanged whena occurs. Consequently we
can write:

(Balemi et al. 1993) defined controllable eveds O 5 as

controller's outputs sent to actuators, and uncodiatsle
events 5, 05 as the controller's inputs coming from Ug;,q; 0Q,0a0%,,q; =6(@,q,)=h, =h 0 E,en, @)) (2)

sensors. (2,=2.025,)0% is the set of observable ;o symbol *.”

events. Typically, the observable events in a sysiee one

of the following: enabled or disabled commands egsby 2.2 Constrained-system Boolean model

the controller and changes of sensor readings. The

unobservable events are failure events or othemtewehich LetS= (Z ,Qs Y, 0g ,h,qo) denote the constrained-system
cause changes in the system state not recordezhbyrs. model, characterized as Moore automaton. It defithes
global desired behaviour of the system and it gegented
by the prefixed closed specification languade =

denotes the logical operator AND.

Let _Gi and its corresponding prefixed closed languades
i :
L(G), be the local model of the restricted area ofgstem L(9TL(G). S can be obtained using different algorithms

; (- i i i (I R :
observed by this modelG _(Z' Q Y '5"h 'qo) 'S from the literature as the ones developed in (ipbillet al.
represented as Moore automatdf}, = 5, 0 5|, is the set of 2007, Ramadge and Wonham 1987) and the references
local observable events b and =i 0X,. The other therein. To obtain the transition functidg, the enablement

notations have the usual definition but for therieted area CcoNditions for all the system events at each stae[13,,
observed byG'. The modelG is the synchronous compositionMust satisfy all the specificatio§ representing the desired
of all the local modelsG = G* ||G?||...|| G". G observes the behaviour:

system by one global projection function or maskDa Os

« « 019,09, 0Qs,q; =65 (@,q, )=
P :2 D{g} - 2,. ThusP erases the unobservable events
) _ L . en,(q)=1h =h OE,en, @)
in an event sequence. The inverse projection fancts !
defined as:PL‘l(u):{sDL:P,_ (s):u}. It establishes all the Thus, the constrained-system model contains onlg th

event sequences producing the same observable ev@ihorized events at each state. Each local mGUéias a

sequenceu. Similarly, a local projection function can belocal constrained modeB, which is a part of the global

defined for each local modes as: P' - 5" D{e} S constrained mode$. S is represented by the specification
. . d o -

Ench stat Ji od b tput vecty languageK' = L(S), which is included irk. S is a Moore
ach stateg o is represented by an output vectpr i i AN v s i i i
considered as a Boolean vector whose components ghiomaton: S _(Z Qs Y105 ,qo) andQs 0Q. Al
Boolean variables. Let denote the number of state variableshese notations have the usual definition but fe kocal
of G, the output vectoh, of each state; can be defined as: constrained-system mod8l

o, OQh(@)=h =(,,...h, ..., I, O Ot Fj< 2h OY OIB'.
A transition from one state to another one isrdfias a
change of a state variable from 0 to 1, or frono Dt Thus The majority of sensors and actuators in manufaur
each transition produces an eventcharacterized by either systems produce correlated events since statelsgelaare

rising, a =t hjp, or falling, a=! hjp, edges where usually effected by a predictable flow of materigfandalai

and Holloway 2000). Therefore, a temporal modeltexed
pD{LZ,...,d}. on the notion of expected event sequencing andngimi
relationships can be used.

®3)

2.3 Events timing delays modelling

To describe the effect of the occurrence of anewed 2,



In this paper, we define a set of expected consegUeC, considered as violation of the specification largpid. The

for each controllable eveni3 0 X, in order to predict Setof faulty states is defined &s:U'j (Sg, ) where S¢ is
uncontrollable but observable consequent eventsiwire- the set of states reached by the occurrence oful fa

defined time periods. ThisEC; is constructed for pejonging to/7, . Let Hp denote the set of all state output
observable events and it describes the next etleatshould : J
occur and the relative time periods in which thege a
expected. These pre-defined time periods are detediby partition H ¢ is defined asfq' 0S, ,h' =h(q')=h'OH, .
experts or by learning according to the system dyoand : J J
to the desired behaviour. f= Sa,a,..a, is an observable In order to ensure the fault detection, the follogvi

event sequence starting by a controllable ey@and ending conditions must hold:

by the observable event sequenzgr,..a, 05, then the OpOL,p0OK,0i0{1,2,..n} PqOQ =en! ¢ ) : 4
’ ) ) yr p -
set of expected consequenEC,(u) is created when the

vectors of the faulty states belongingSggj) . Then, the output

OpOL,pOL-K,O0j0{L2,..1} pny, 2@,

event B occurs. ECsz(u) has the following form (5)
. 0041,2,... O0Q=en! ¢ )= 0 oEF, P’ :

ECp(u) = {Cfl,C(f ,...,Cc'f:,...,ka}. Cfi is a { n} bR o 6) o ® PIF

consequent expected after the enablement of thieotiable |p| <kON (6)

event [ and it is  defined as follows: N N

Cf. ={aj (@ [t 1 )} j<i. This expected The condition (4) means that all the enablementitioms of

all the local desired models must be satisfiedafoy event of
consequent means that when occurs, the eventr; should a sequence belonging to the global desired behaViaus,
s ; ; this condition ensures that no conflict can occetween

and within the time interval local desired models for the enablement of evetném state
[ta ,t3 1. If it is the case then the expected consequent of the desired behawqur. _The satisfaction o_f (r59u_aees that
o o any event sequence violating the global desire@\ieh due
satisfied. If the eventr; has occurred beforéy;, or after g the occurrence of a fault, must be detectedelaghing at

t%  then the expected consequent is not satisfied iand!€a@St one stateq. This detection is based on the non

) " ] satisfaction either of the enablement conditionthd latest

provides the fault labeld, , as the cause of this nongyent in the event sequengeor of its expected function. In

satisfaction. The fault labels indicate one or mofefault the both cases, this non satisfaction can proviget af fault

candidates and they are defined by an expert. BheOS |apelsF, j{1,2,..r} . This later can contain one fault label,

expected consequerECﬁ (u) is evaluated by an expectedi.e” one fault candidate, or several fault can@slaln the

function EF4(u). EFg(u) is equal to 1 if one of its |atter case, a preference order can be defined gutwese
expected consequents is not satisfied while ijisato zero fault candidates in order to help the human opesato
if all its expected consequents are satisfied. Fhe of isolate the original or real one. This preferenogeo can be

expected consequentECg(u) is deleted when they are €stablished using the human experience or by legyiie.,
e simulation. Finally (6) guarantees that this detecwill be
satisfied, i.e. EF;z(u) = 0.

realized in a finite delay or number of event tiaoss equal
to the cardinality of the event sequepce

happen at the state,

2.4 Fault detection and isolation checking

We adopt the hypothesis that each behavior whias admt 3. MANUFACTURING SYSTEM EXAMPLE

correspond to a normal one is considered as abmm To illustrate the proposed approach, we use thenpbe of
Thus, a fault.can occur starting from any statehef_deswed pick and place station of the flexible manufactgrisystem
behavior. This fault occurrence is unobservable ianeads atform cellflex (http:/meserp.free.fy/ This station realizes
the system to a faulty state. Ea_mh one of theskyfatates iha import and the export of pieces by a grippéwben two
must be reached within a f|_n|te delay fqr all theermt processes thanks to a pneumatic system of 3 axgs IF
sequences the_lt can Iead_ to this state starting &oynother T symbol® refers toZ axis displacement® to X axis
one of the desired behaviour states. displacement,® to Y axis displacement and® to the
Let®, define the set of all the event sequences ending byPneumatic system gripper. This station is composed

! _ - actuators piloted by 6 pre-actuators produced Hfereéint
fault belonging to the fault partition/7¢ . Thus technologies. The information about the behavior thu

station is provided by 9 sensors (Fig. 2).
Y :Urjzl(l.UFi ) denotes the set of all the event sequences lon Is prov y (Fig. 2)

ending by a fault belonging to one of fault paotits of 2 .
Consequently O (L —K), i.e., all the faulty sequences
ending by a fault belonging to one fault partitiarfs> ; are
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Gripper closed

Effector

Sensors

Fig. 2. Actuators and sensors of the pick and pééagon

3.1 Y axis Plant Elements models

We will illustrate the construction of axis model. Same
reasoning can be followed for the construction hef bther
axis models. Th& axis actuator is a Double Acting Cylinder
(DAC) where their positions are given by two sessor
retractedyr and extendegk: positions ones (Fig. 3).

YR

Ye
Vin Ve Vo Voury

i S

Oul In

Fig. 3. Elements oY axis

The Fig. 4 and Fig. 5 illustrate the free-fault ratsdof plant
elements ofY axis. The modeGpac (Fig. 5) evolves from its
initial stateqy towards the statesg/V|y or gs/Voyut according,
respectively, to the activation of the control sigrin or Out
The statesq)/Viy and gz/Vour represent, receptively, the
piston rod in home and in fully extended positiotsthe
model is located in the statg, the activation of the control

signalOut leads the piston rod to move forward. This piston

rod movement is represented by the dynamic s{&48/...
The outputV., indicates that the piston rod is in movemen
towards its fully extended position. The time reqdi to

reach this positionTs, is assigned to the time varialde In
the same time, a local clotks initiated to calculate the spent
time during the forward movement. At this dynamtats,
two cases can arise. In the first case, the valuebecomes
equal to the one allocated A0 This means that the actuator
has reached its fully extended position. TherefdBgac
reaches the statg with the outputVy,. In the second case,
the control signaln is activated. This activation forces the
piston rod to stop moving forward in order to retdo its
home position. ThuSGpac evolves to the dynamic statg,
with the outputV.. indicating that the piston rod is in
inversed movement. In this case, the present dpaatt is
assigned toA. Then, the local clock is initiated again to
calculate the elapsed time in the inverse moveméafiten
this time becomes equal to the one allocatety, tthe piston
reaches its home position indicated by the stféy. The
same reasoning can be followed for the other states

SUB=g-El s

a) Sensoyk fault-free model b) Sensowe fault-free model

Fig. 4. Sensorgs andyg fault-free models

[ ouLTe>A a0

WV

VIN

Oult:=A

O3

In, T->A

Fig. 5. DAC fault-free model

For each PE, we can enumerate, with the help afxg@ert,
the possible potential faulty or degraded behavéorg their
responsible candidates. Faulty behavior causegrttction
halt while the degraded one disturbs or reducesoftenal
production performances. Table 1 shows the labelieating
the faulty candidates of the faulty and degradduhbers of
Y axis Plant Elements.

Table 1. Faulty and degraded behaviors and thgjroresible
candidates for th¥ axis Plant Elements
Type | Label Description
IS Byr sensoyg blocked at 1
Eu Byr sensolyg blocked at 0
2 Bye sensorye blocked at 1
> Byye sensorye blocked at 0
c_:s Bvin DAC blocked in retracted direction
L Bvout DAC blocked in extended direction
o= b DAC too slowly acting in extended
3 E V> | direction compared to its normal behavjor
2 S D DAC too slowly acting in retracted
0o V< | direction compared to its normal behav(or




However, the faulty behaviors caused by thesedari not
integrated in the models; only their labels arerdef in order
to propose fault candidates.

3.2 Y axis desired behavior model

The Y axis Plant Elements can be represented as a fbock

which the inputs are the control signals of thetagler, In
andOut, and the outputs are the sensors’ informatyjgrand
Ve (Fig. 6). The controller is supposed to be safend
dependable. Consequently, it is not possible toehthe

activation ofln andOut at the same time. When the control

signal Out is activated, the normal response|ys followed
by TVe.

Y axis Plant Elements

____________________________

Y axis cylinder

QOut

Ye

Y axis extended (conveyor side)

CONTROLLER

1
1
1
1
1
Y axis retracted (station side) :
1
1
|
|

A

Fig. 6. Observable events of thé dxis” PE

The local constrained-system mo&lfor the sub-modeG"
of theY axis Plant Elements is depicted in Fig. 7. Siang
double effect cylinder with 2 positions has the sdmhavior,
the constrained model is obtained from a libramegiby an
expert. In BDES modelling, this desired behavion dze
described using two tables; the first one explathe
enablement conditions for the occurrence of ea@ntand
the second one is the displacement matrix for gtenation
of the state output vector of each next state. & halsles are
shown respectively in Table 2 and, Table 3 for$heAs an
example we can notice that the only event allowedake

Table 2. Enablement conditions 8t for the sub modeB”

EveSrYlt:a Enable conditioren!
YR Iyr. . IOut. In
l«yR Yr- /yE- Out. /In
1Ye Iyr. Iye. Out. /In
1Ye Iyr. Ye. /Out.In
T0ut Vr. Ve. [Out. /In
Jout Iyr.ye.Out. /In
1n Iyr. Ye. IOut. /in
{In Yr. je. /Out. In

Table 3. The displacement matfX for S

State

variable| TYR| {Yr| TYe | I¥e 10ut| [Out | 1In| (In
Yr 1 1 0 0 0 0 0 0
Ve 0 0 1 1 0 0 0 0
Out 0 0 0 0 1 1 0 0
In 0 0 0 0 0 0 1 1

3.3 Expected consequents definition

We use expected consequents to model the cyliedgonse
times which can be obtained by learning and/ordmhmical
documentation. Fof', we define 2 expected consequents,

one for each command enablem&®;  andEC The

T Out tin”
enablement ofOut, entails the event$yr and 1y to occur
respectively at the stateg andds. |yr is expected to occur
within the time intervaltfl, t2] after the enablement @ut,

1Ye Within the time intervaltB, t4] after the occurrence ¢
according to the system dynamic.|}z does not occur al,

then the cylinder has not responded. Thus, the non

place in the initial state o®', characterized by the output satisfaction of the corresponding expected consgaatethis
vectorh; = (yr Ye Out InN)=(1000), is the enablement of thestate indicates the occurrence of the fault “DAGcked in
controllable eventtOut since its enablement condition,retracted direction” indicated by the labB\l;,. If |yrz has

en; (1 Out), is satisfied and the enablement conditions fagPccurred but too lately, then the provided faultDAC is

all the other events are false (See Table 2). T¢@atement
vector of this event iE'Yom =(0010). The output vector of the

next estimated state of' is calculated using (2)
h,=h0O (E,ch .envlom () = (1000) ((0010).1F (101C

Similarly, we calculate the next output vector adiog to
the occurrence of each authorized observable event.

S’ h:ysye Outln

100c

101C 001¢ 011C

(8

1Out

(O

0101 010C

0001

Fig. 7. Local constrained-system mo@&&for the sub model
GY

acting too slowly in extended direction” indicatéy the
label Dy... However when|yr occurs,S’ will transit to the
stategs. If 1yg has not occurred, then the non satisfaction of

. the corresponding expected consequent providesfathie

candidate yg} with the label By to indicate that the sensor
Ve is blocked at 1, stuck-off, since the piston hesponded.

ConsequentlyeC  ~can be written as follows:

out

{10ut.t e @ 1Lt 2 B B2} }
{1 Yo yE,(qai[t3't4]'{ Bye Dv” |

The number of candidates can be reduced usingggasive
monitoring. The occurrence of new sensors evenmtdeza to
eliminate the improbable or inconsistent candidatil this

new observationAccording to the case if the eveny, or

EC

1y has occurred too lately or not, one faulty canigioaill

be validated. If the event y,, or 1 y_, occurred then the

faulty candidate is the DAC which is acting toovalp in
extended direction compared to its normal behavior.



Similarly, the expected function for the enablemehtthe
commandn is written as follows:

e The controller is supposed to be dependable and
safety. Consequently, the controller cannot be
responsible of any fault as the one of sending two

{t1n,1 ye, @[ 2{ B, Du} }
{4 yer1 Ve o@, 11341 By D} )

opposable control signals,

e The cylinder does not fail during operation, iieit
does fail, the fault occurs at the start of operati
This means that a fault cannot occur during the

However, these abnormal behaviors require the hitation cylinder movement.

of the intervals defining the acceptable time dispiment of

the DAC. To determine these intervals, we havebdisted a A fault is detected either when a non expected teweours
learning phase about the system’s normal behaVlwe.goal ©Or when an expected event does not occur. In tse dase
of this learning is to obtain realistic time resperintervals the enablement condition of the event's occurreisc@ot
related to the system dynamic and to the actuatcsatisfied. The possible faulty candidates are detexd by
technology. These intervals are obtained by a legrn identifying the state variables responsible of thisn

extrapolation of the probability, chance, of thewrtence of satisfaction. As an example, when the cylindeheft axisis

an event in this interval. For example, Fig. 7 prigs the in the initial state (Fig 7) and when the commaDadt is

learning of time intervaltB,t4] of the occurrence of the eventactivated, the system transits to the next desseate
1¥e after the occurrence of the eveyk in response to the characterized by the outpuBait=1,In =0,y = 1,y = 0. If

activation of the comman@®ut Fig. 8 presents the learningthe cylinder responds, then the sensor evgat will be

extrapolation when the comman@ut is activated. This observed within the time intervatlft?] indicating that the

activation expects as normal response the evgatandye
within respectively the time intervaltl[t2] and [3t4].

50
45 b d
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Occurrences number of 1yE
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%o o5

time (ms)

Fig. 7. Learning of the time interval of the ocairce of the
eventtyg after the occurrence of the evégk in
response to the activation of the comménd

Out=1 YR

v

1Ye

Vs

t1 2 t3 t4

Fig. 8. Learning extrapolation for the time intdevaf the
sensors events occurrences in response to thethahiv
of the comman®ut

3.4 Fault candidates generation for ¥haxis

The candidates responsible of the occurrence aful in a
PE can be determined based on its normal modelekhas
on its temporal constraints represented by a sé&troplates
or chronicles. The following hypotheses are conside

cylinder motor is not faulty. If there is no senswent within
the time interval then we can infer that the DA®Iliscked in
retracted direction. However jfyr occurs but too late, then
we can infer that the DAC is acting too slowly ixtended
direction compared to its normal behavior (the tfdabel
Dv.s).

The occurrence offOut transits theY axis model to the
second state,. The output vector for this state is calculated

using (1) : h, =(h, =1000)J ETD[ = 0010F (101Q. Since

en” (q,) =1, see Table 2, then this state corresponds to a

10ut

state of the desired behavidBlt If the eventtye occurred at
the statey, instead of the expected evepyk, then enTYyE (%)

= lyg.ly.Out./In = 0. The only reason of this non

enablement, based on the conditionsqgfis the variable
state of the sensoygr. Thus, the faulty candidate is the
retracted sensolyg}.

4. CONCLUSION AND FUTURE WORKS

This paper presents a fault-free model-based apbrioa the
Fault Detection and Isolation (FDI) of discrete matturing
system. This approach considers the plant as afsefant
elements composed of actuators and their assoGatesbrs.
The goal is to take benefit of the composite stmectof
manufacturing systems. The use of fault-free modedsices
the model construction complexity and avoids theessity
to define a priori the faults to be diagnosed.

A fault is detected either by the occurrence of Bapected
event or by the non occurrence of expected evetitiwa
predefined time intervals. The later indicate thuators
reactivity and are determined using a learningagdtation.
The occurrence of non expected event is detectezh e
enablement condition of this event is not satisfitde state
variables, representing the sensors outputs anccdah&ol
signals, responsible of this non satisfaction ameslered as

+ Only one event responsible of a faulty or degradegie fault candidates. The non occurrence of expeetent,

behavior can occur at the same time,

or its occurrence too late, within its predefinede intervals



is detected using a template. The later is crefdeceach Rozé, L. and Cordier, M.O. (2002). Diagnosing Deser

control signal and it represents temporal condisaietween Event Systems: Extending the “Diagnoser Approach” t
events occurrences. Deal with Telecommunication Networkd$n Discrete

) ) ) ) N Event Dynamic Systemsol. 12, n°1, pp.43-81, ISSN
A future work of this paper is to define a codiagability 0924-6703.
notion allowing determining the set of faults whican be Sampath, M. (1995). A Discrete Event Systems Apgiida
diagnosed and the time delay required for thismbags. This Failure Diagnosis. Thesis, University of Michigan
diagnosis is achieved by the set of local diagreodeach one Michigan, USA.

of the later is responsible of a restricted arethefsystem or Wang, Y. (2000). Supervisory Control of Boolean dége-

a specified component. In addition, we aim to ube t Event SystemsThesis of Master of Applied Sciences,
learning of system dynamic as well as the expeottedge University of TorontpCanada.
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