
Diagnostic causal basé cohérence pour les 
systèmes hybrides  

R. Pons, A. Subias, L.Travé-Massuyès 

Collaboration avec ACTIA Automotive 
J. Thomas et H. Poulard  

Journée GT S3 - 3 novembre 2011  



  Diagnostic des systèmes hybrides  
  Cible privilégiée : systèmes embarqués - automobile 

  Exhaustivité des modèles de fautes impossible 
  Diagnostic en garage 

   Proposer la meilleure mesure au garagiste pour établir un diagnostic 
  Collaboration avec ACTIA Automotive (J. Thomas et H. Poulard) 
  PROJET AMIC-TCP Architecture Multiplexage Informatique 

Communication pour les Transports en Commun de Personnes 
    (OSEO-ISI 2009-2011) 

  Approche : basée cohérence (Modèle de comportement normal) 
+ raisonnement abductif 

  Approche mixant diagnostic des SED et Diagnostic SC 
   DX: Approche Diagnostiqueur  
   FDI: Graphes Causaux 
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Diagnostic causal basé cohérence pour les Syst. hybrides  

  Modélisation du système hybride 
  Modèles Causaux des modes 

  Abstraction du  comportement hybride en système discret 
  Construction d’un diagnostiqueur 
  Raisonnement de diagnostic itératif 

  En fonction du vecteur d’observation 
  Proposition nouvelle observation discriminante 



Modélisation Hybride du système: Automate Hybride 

  Γ = (Ʋ, Q, Σ, T, C, (q0,v0))  
  Ʋ l’ensemble des variables continues 
  Q l’ensemble des états. Chaque état q ∈ Q représente un mode 

de comportement du système. Q comprend les modes normaux et 
certains modes de fautes anticipés  

  Σ fini des événements associés à l’activation des gardes 
(conditions booléenes dépendant de variables continues et/ou 
discrètes)  

  T ⊆ Q × Σ → Q fonction de transition 
  CSD ⊇ CSDi Causal System Description : représentation des 

contraintes liées aux dynamiques continues du système hybride. 
CSD est un graphe causal défini par un ensemble d’influences liant 
les variables continues + un ensemble de composants associés à 
ces contraintes 

   (v0,q0) ∈ Ʋ × Q conditions initiales du système hybride 
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  Abstraction du domaine des valeurs des variables 
continues vers ensemble fini de valeurs qualitatives 
  Fonction d’abstraction : fD(vi)->D(vi): 

  Association d’une signature qualitative Sig(q) à chaque 
mode 
  Capture les valeurs attendues des variables continues dans les 

différents modes 
  Caractérise un mode : Sig(q) = [vOBS]q 

  Pour chaque mode la signature est unique (choix des fonctions 
d’abstractions) 
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Abstraction du comportement hybride en un système discret 



  Abstraction des dynamiques continues implicitement 
reliées aux changements de signatures en termes 
d’événements 

  Définition d’une fonction d’abstraction qui associe un 
événement induit à chaque changement de signature 

  Si l’ensemble d’observation est incomplet : événements 
induits sont tous inobservables (signature partielle) 
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Abstraction du comportement hybride en un système discret 



  Définition de l’automate de comportement (générateur du 
langage hybride) BA(Γ) = (Qbeh, Σ hyb , Tbeh  , q0) 

  Alphabet : Σ hyb événements discrets naturels + événements 
induits 

  Etats : Qbeh ensemble d’états discrets (Q) + ensemble d’états 
transitoires (Qt) qui modélisent la réaction de la dynamique 
continue aux changements de modes 

  Fonction de transition : Tbeh décomposée en deux fonctions de 
transitions  : 

  Chaque transition est remplacée par deux transitions en séquence 
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Abstraction du comportement hybride en un système discret 
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  Fonction Essuyage Vitre ARrière (EVAR) Citroën C4 

Application au diagnostic d’une fonction embarquée 

2 switchs : 4 modes de comportements 
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  Le modèle discret sous-jacent (issu du modèle ECU) 
Timout	  

E2	  E0	   E1	   E3	  

4	  

E5	  

T14	  T11	  

T13	  

T8	  

T2	  

T1	  

T7	  

T15	  

T12	  

T9	  

T10	  

T6	  

T3	   T4	  

T5	  
contact	   repos	  

Fin_tempo	  

Balayage	  Ar	  	  
petite	  vitesse	   repos_tempo	  

Application au diagnostic d’une fonction embarquée 



V1 tension d’entrée du moteur 0/12 V 
V2 tension délivrée par le capteur arrêt fixe X/0 V 
Ω vitesse de rotation du balai 
Vgroung/ Vbat tensions masse/batterie 

Signature qualitative 
(issues de simulations Modélica) 
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Qualitative abstraction function. The idea of

this abstraction is to partition the domain value of

continuous variables into a finite number of labels

such that the label remains invariant when the sys-

tem is operating within a given mode.

A function f
D(vi)→D(vi)

that maps the continu-

ous domain D(vi) ⊆ R of a continuous variable

vi ∈ V into a finite discrete domain D(vi) ⊆ P(R)
is defined. D(vi) is generally built from a partition

of D(vi) [?]. With some abuse but for sake of sim-

plicity, the associated qualitative variable is noted

as the original continuous variable and we have

D(vi) = D(vi). The function is defined as:

f
D→D

: D(vi) −→ D(vi) = D(vi). (1)

After the variable abstraction step, transition

guards that originally depend on continuous V
must be rewritten in terms of the correspond-

ing abstract variables V . In choosing the abstrac-

tion functions, one must pay attention to the fact

that the transition guards must remain express-

ible. For instance, if a guard is given by the con-

dition vi > k, k being a constant, than k must

be among the landmarks of the partition of D(vi)
leading to D(vi).

As an exemple of abstraction, consider the input

voltage of the wiper motor V1. For this continuous

variable, the abstract values "0" and "1" are cho-

sen to represent the real values "0V ± �" (ground

voltage) and "12V ± �" (voltage delivered by the

battery) where � is an uncertainty parameter ac-

counting for noise, respectively.

Qualitative mode signature. The concept of

qualitative mode signature is introduced to capture

the expected values of the observable continuous

variables within a given mode. It characterizes the

expected behavior of the system in this particular

mode w.r.t all the other modes.

Definition 1 (Qualitative Mode Signature). The
qualitative signature of a mode qi noted Sig(qi) is the
vector of discrete values vT

OBS
valuated according to the

values taken by the observed variables in this mode:

Sig(qi) = [vOBS ]qi (2)

Definition 2 (Qualitative Mode Partial Signature).
Any subvector of Sig(qi) is defined as a partial signa-

ture of qi.

q0 q1 q2 q3
Off On Wiping Timeout

V1 0 0 1 0

V2 1 1 1 0

Ω 0 0 1 0

Vbat 1 1 1 1

Vgrd 1 1 1 1

Continuous variables vs. modes

σign σact σrst σeot

q0 −→ q1 , q1 −→ q2 , q2 −→ q3 , q3 −→ q2

Events

Table 1: Continuous variables, qualitative mode

signatures and events

It is important to notice that the abstraction

functions are defined such that for each mode qi
the qualitative mode signature is unique and char-

acterizes the mode in a relevant way.

For the case study of the rear windscreen wiper,

the list of events and continuous variables and

their abstracted values providing the qualitative

mode signatures in each mode are shown in Ta-

ble 1. In our automotive application, qualitative

signatures are obtained from the Modelica sim-

ulations underlying the fault dictionary method.

From the underlying DES given in figure 2, it can

be deduced that the expected trajectory for V1 is

the following:

Figure 3: V1 expected behaviour

Event based abstraction of the continuous dy-
namics. In this paper, we use the same idea and

notations as in [?] and abstract the continuous dy-

namics captured by qualitative mode signature

changes in terms of events. Diagnosis of the hy-

brid system can then be casted into a pure discrete

Variable abstraites 

off on wiping timeout

Le modèle discret sous-jacent 

Application au diagnostic d’une fonction embarquée 
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event framework 4.
A set of events ΣSig is defined through an ab-

straction function fSig→σ that maps continuous
dynamics information to discrete events. An event
of ΣSig is associated to every transition of the un-
derlying discrete event model M = (Q,Σ, T, q0)
and depends on the theoretical mode signatures of
the source mode versus the destination mode. The
abstraction function fSig→σand the set of events
ΣSig are defined as follows:

fSig→σ : Q× T (Q,Σ) −→ ΣSig

(qi, qj) �−→
�
roi,j ∈ ΣSig

o if Sig(qi) �= Sig(qj)

ruoi,j ∈ ΣSig
uo if Sig(qi) = Sig(qj)

(3)

where

• ΣSig
o is a set of observable events generated

when the mode signature of the source mode
is different from the mode signature of the
destination mode;

• ΣSig
uo is a set of unobservable events generated

when the mode signature of the source mode
is equal to the mode signature of the destina-
tion mode;

• ΣSig = ΣSig
o ∪ ΣSig

uo .

Figure 3 gives the event based abstraction of the
continuous dynamic captured by the “diagnosis
aware” events associated to the signature changes.

Figure 4: Event based abstraction of the continu-
ous dynamics.

The abstraction of the continuous dynamics in
terms of discrete events allows one to define a

4A difference with respect to [?] is that mode signatures con-
sist of a direct qualitative abstraction of continuous evolutions,
whereas in [?] mode signatures are obtained from parity space
residuals.

language for the hybrid system, which describes
the behavior of the hybrid system. We denote by
Σhyb = Σ ∪ ΣSig the alphabet that contains “natu-
ral” discrete events and events modeling the mode
signature switches.

Σhyb can be partitioned into Σhyb = Σhybo ∪
Σhybuo with Σhybo = Σo ∪ ΣSig

o and Σhybuo =
Σuo ∪ ΣSig

uo .
The behavior of the hybrid system is hence

modeled by the prefix-closed language L(Γ).

Definition 3 (Language of the hybrid system ).
The language generated by the system Γ is the set
L(Γ)

∆
={s ∈ Σ∗

hyb|q
σ→} whose elements are called tra-

jectories of Γ.

The set of finite sequences over Σhyb is denoted
by Σ∗

hyb, and � is the empty sequence.
The finite state generator ([?]) of the hybrid lan-

guage L(Γ) is called the behavior automaton and de-
noted BA(Γ) = (Qbeh,Σhyb, Tbeh, q0). It generates
both “natural” discrete events and events issued
from the abstraction of continuous dynamics.

The behavior automaton is obtained by defin-
ing a set of transient modes Qt that model the
continuous dynamics reaction to the occurrence
of a mode change, and hence lead to the genera-
tion of a discrete event of ΣSig, also called an in-
duced event. We first define the bijective function ft
that associates a transient mode to each transition
t(qi,σi,j , qj) ∈ T of the original discrete event sys-
tem M = (Q,Σ, T, q0). The set of transient modes
is obtained as follows :

ft : T −→ Qt

t(qi,σi,j , qj) �−→ qi,j
(4)

The set of modes of the behavior automaton is
then given by Qbeh = Q ∪ Qt. The partial tran-
sition function Tbeh ⊆ (Qbeh × Σhyb −→ Qbeh) de-
composes in two partial transition functions as fol-
lows:

Tbeh = T 1
beh ∪ T 2

beh

with

�
T 1
beh ⊆ (Q× Σ −→ Qt)

T 2
beh ⊆ (Qt × ΣSig −→ Q)

(5)

The behavior automaton BA(Γ) =
(Qbeh,Σhyb, Tbeh, q0) is obtained by replacing
every transition t(qi,σi,j , qj) in the original dis-
crete event system M = (Q,Σ, T, q0) by two

Le modèle abstrait discret de la dynamique continue 
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transitions in sequence t1(qi,σi,j , qi,j) ∈ T 1
beh

and

t2(qi,j , ri,j , qj) ∈ T 2
beh

, the transient mode qi,j ∈ Qt

hence coming in between qi and qj .

Informally, this means that on the occurrence of

an event σi,j ∈ Σ that triggers a transition from

mode qi to mode qj , the system passes by a tran-

sient mode qi,j in which the transition is not yet ef-

fective. The transition to mode qj is confirmed by

the occurrence of the corresponding induced event

r
o/uo

i,j
, providing evidence when observable of the

response of the continuous dynamics according to

the targeted mode 5.

Figure 4 gives the behavior automaton for the

case study.

Figure 5: Behavior automaton

Qbeho = {q0} ∪ {q ∈ Qbeh, ∃(q�,σ) ∈ Qbeh ×
Σhybo

| Tbeh(q�,σ) = q} denotes the set of observ-

able states of the behavior automaton.

LOUISE
✿
Il

✿✿✿✿✿✿✿
faudra

✿✿✿✿✿✿✿✿✿✿
remanier

✿✿✿
et
✿✿✿✿✿✿

faire
✿✿✿✿✿

une

✿✿✿✿✿✿✿✿
synthese

✿✿✿✿
plus

✿✿✿✿✿✿✿
courte

✿✿✿
de

✿✿
ce

✿✿✿✿
qui

✿✿✿
est

✿✿✿
au

✿✿✿✿✿✿✿
dessus,

✿✿✿
en

✿✿
se

✿✿✿✿✿✿✿
referant

✿✿
a

✿✿✿✿✿✿✿
Mehdi,

✿✿✿
car

✿✿✿✿✿
sinon

✿✿
ca

✿✿✿✿
fait

✿✿✿✿
trop

✿✿✿✿✿✿
plagia

✿
!

Remark 1 (Dealing with an incomplete set of ob-

served variables). In the troubleshooting problem, di-
agnosis iterates starting from one or a reduced set of ob-
served variables V current

OBS
⊆ VOBS and proposing ad-

ditional variables within the observable set VOBS to be
measured. It is important to notice that while V current

OBS

is a strict subset of VOBS , any of the induced events are
unobservable.

LOUISE
✿✿✿✿✿✿✿
Preciser

✿✿✿✿
ce

✿✿✿✿✿✿✿
qu’on

✿✿✿✿✿✿✿
entend

✿✿✿✿✿
par

✿✿✿
"a

✿✿✿✿✿✿✿✿
complete

✿✿✿
set

✿✿
of

✿✿✿✿✿✿✿✿✿✿✿✿
observables"

✿✿
et

✿✿✿✿✿✿✿✿✿
pourquoi

3.1.3 The partial diagnoser

We propose to apply the diagnoser approach of

[13], hence providing an extension of this ap-

proach to hybrid systems [?] and to normal be-

havior of he system. The diagnoser we propose

can be viewed as a partial diagnoser as it provides

5Notice that, by construction, mode signatures cannot

change while being in the same mode.

the normal trajectory of the system LOUISE
✿
A

✿✿✿✿✿✿✿✿
REVOIR

✿✿✿
and

✿✿✿✿✿
some

✿✿✿✿✿
fault

✿✿✿✿✿✿✿✿✿✿
trajectories

✿✿✿✿✿✿✿✿✿✿✿✿✿
corresponding

✿✿
to

✿✿✿✿✿✿✿✿✿✿
anticipated

✿✿✿✿✿✿
faults.

We define:

•

Lo(Γ, q) = {s ∈ L(Γ, q) | s = uσ,

u ∈ Σ∗
hybuo

,σ ∈ Σhybo} (6)

and

Lσ(Γ, q) = {s ∈ Lo(Γ, q) | sf = σ}. (7)

Lo(Γ, q) denotes the set of all strings that orig-

inate from the state q and end at the first ob-

servable event. Lσ(Γ, q) denotes those strings

in Lo(Γ, q) that end at the particular observ-

able event σ.

• the set of events labels Le =
{UOi, UOj , ....UOl}, where l is the num-

ber of different unobservable events in the

system, l = card(Σhybuo).The set of possible

labels is defined as L = 2Le .

• the label propagation function LP : Qbeho ×
L × Σ∗

hyb
→ L. Given qi ∈ Qbeho , l ∈ L and

s ∈ Lo(Γ, qi), LP propagates the label l over

s, starting from qi and following the dynamics

of Γ, i.e. according to L(Γ, qi):

LP (qi, l, s) =






∅ if l = ∅ and ∀i, ruo
i,j

/∈ s

{UOk|UOk ∈ l} ∪ {UOi|∃σ ∈
Σhybuo ,σ ∈ s} otherwise

(8)

The diagnoser of the hybrid system is a de-

terministic finite state machine built from

the behavior automaton, PDiag(BA(Γ)) =
(QPD,ΣPD, TPD, qPD0) where:

• qPD0 = {(q0, ∅)} is the initial state of the par-

tial diagnoser (we assume that the system Γ is

normal to start with);

• ΣPD = Σhybo is the set of all observable events

of the system;

• QPD ⊆ 2Qbeh×L is the set of states of the

partial diagnoser (states reachable from qPD0

L’automate de comportement 

Application au diagnostic d’une fonction embarquée 



  Extension du diagnostiqueur de Sampath aux systèmes 
hybrides + comportements normaux  

  Diagnostiqueur Partiel : pas toutes les trajectoires de fautes 
(certaines trajectoires de fautes + trajectoires comportement 
normal) 

  Construit à partir de l’automate de comportement BA(Γ) 
  PDiag(BA(Γ)) = (QPD, ΣPD, TPD, qPD0 ) 

  QPD ⊆ 2 Qbeh x L  ensemble des états : les états sont des ensembles 
de couples (état de l’automate de comportement, label ) 

  qPD = {(q1; l1); (q2; l2)…(qn; ln)} avec qi ∊ Qbeh et l ∊ L=2 Σ hyb uo  

  ΣPD=Σ hyb o : ensemble des événements observables  
  TPD ⊆QPD x ΣPD ⟶ QPD : fonction de transition 

  qPD0 ={(q0,∅)} état initial (supposé normal) 

  Si l’ensemble d’observation est incomplet : Pdiag*(BA(Γ))  
12 

Construction d’un diagnostiqueur Partiel 



le diagnostiqueur (avec vecteur d’observation incomplet)   

Application au diagnostic d’une fonction embarquée 

L’automate de comportement 
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transitions in sequence t1(qi,σi,j , qi,j) ∈ T 1
beh

and

t2(qi,j , ri,j , qj) ∈ T 2
beh

, the transient mode qi,j ∈ Qt

hence coming in between qi and qj .

Informally, this means that on the occurrence of

an event σi,j ∈ Σ that triggers a transition from

mode qi to mode qj , the system passes by a tran-

sient mode qi,j in which the transition is not yet ef-

fective. The transition to mode qj is confirmed by

the occurrence of the corresponding induced event

r
o/uo

i,j
, providing evidence when observable of the

response of the continuous dynamics according to

the targeted mode 5.

Figure 4 gives the behavior automaton for the

case study.

Figure 5: Behavior automaton

Qbeho = {q0} ∪ {q ∈ Qbeh, ∃(q�,σ) ∈ Qbeh ×
Σhybo

| Tbeh(q�,σ) = q} denotes the set of observ-

able states of the behavior automaton.
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Remark 1 (Dealing with an incomplete set of ob-

served variables). In the troubleshooting problem, di-
agnosis iterates starting from one or a reduced set of ob-
served variables V current

OBS
⊆ VOBS and proposing ad-

ditional variables within the observable set VOBS to be
measured. It is important to notice that while V current

OBS

is a strict subset of VOBS , any of the induced events are
unobservable.
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3.1.3 The partial diagnoser

We propose to apply the diagnoser approach of

[13], hence providing an extension of this ap-

proach to hybrid systems [?] and to normal be-

havior of he system. The diagnoser we propose

can be viewed as a partial diagnoser as it provides

5Notice that, by construction, mode signatures cannot

change while being in the same mode.

the normal trajectory of the system LOUISE
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We define:

•

Lo(Γ, q) = {s ∈ L(Γ, q) | s = uσ,

u ∈ Σ∗
hybuo

,σ ∈ Σhybo} (6)

and

Lσ(Γ, q) = {s ∈ Lo(Γ, q) | sf = σ}. (7)

Lo(Γ, q) denotes the set of all strings that orig-

inate from the state q and end at the first ob-

servable event. Lσ(Γ, q) denotes those strings

in Lo(Γ, q) that end at the particular observ-

able event σ.

• the set of events labels Le =
{UOi, UOj , ....UOl}, where l is the num-

ber of different unobservable events in the

system, l = card(Σhybuo).The set of possible

labels is defined as L = 2Le .

• the label propagation function LP : Qbeho ×
L × Σ∗

hyb
→ L. Given qi ∈ Qbeho , l ∈ L and

s ∈ Lo(Γ, qi), LP propagates the label l over

s, starting from qi and following the dynamics

of Γ, i.e. according to L(Γ, qi):

LP (qi, l, s) =






∅ if l = ∅ and ∀i, ruo
i,j

/∈ s

{UOk|UOk ∈ l} ∪ {UOi|∃σ ∈
Σhybuo ,σ ∈ s} otherwise

(8)

The diagnoser of the hybrid system is a de-

terministic finite state machine built from

the behavior automaton, PDiag(BA(Γ)) =
(QPD,ΣPD, TPD, qPD0) where:

• qPD0 = {(q0, ∅)} is the initial state of the par-

tial diagnoser (we assume that the system Γ is

normal to start with);

• ΣPD = Σhybo is the set of all observable events

of the system;

• QPD ⊆ 2Qbeh×L is the set of states of the

partial diagnoser (states reachable from qPD0



  Approche basée cohérence :  modèles de référence 
  Diagnostiqueur Partiel +  Modèles causaux  
  Observations : sobs ={ϭ1, ϭ2, …, ϭN} séquence d’événements observables  

  Etape1 : Détection des fautes et génération des hypothèses 
sur les modes de références 
  Synchronisation de sobs avec le Diagnostiquer Partiel 
  Détection de faute si pas de synchronisation avec une trajectoire 

complète du Diagnostiqueur Partiel 
  Le dernier état de chaque trajectoire synchronisée donne un mode 

de référence possible pour expliquer l’incohérence 
  Qref=ensemble des modes de référence 
  Ensemble d’ambiguïté initialisé : A=COMP ensemble des 

composants du système 
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Raisonnement de diagnostic 



Application au diagnostic d’une fonction embarquée 

Scénario de faute : bobine moteur HS – commande envoyée par ECU (ϭact) – 
le balai n’atteint jamais la position de repos et l’ECU ne reçoit pas l’événement 
associé (ϭrst ) – exonération de la batterie et ses connections 

Mesure garagiste  : V1: tension d’alimentation moteur (vecteur d’observation incomplet) 

sobs ={ϭign, ϭact} 

Séquence d’observation :  



Application au diagnostic d’une fonction embarquée 

sobs ={ϭign, ϭact} Séquence d’observation :  

Diagnostiqueur Partiel : Pdiag*(BA(Γ)) (mesure que V1 donc tous les 
événements induits sont inobservables)    

Synchronisation possible avec la sous-trajectoire {q0, q0,1,q1,q1,2, q2}.  
Trajectoire incomplète => détection de faute 
Qref = {q1, q2}, car sémantiquement q1,2 est équivalent à q1 ou q2 

A={motor, wiper, rest sensor,Krst switch, K1 switch, wireA, wireB, wireD, wireE} 
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  Fonction Essuyage Vitre ARrière (EVAR) Citroën C4 

Application au diagnostic d’une fonction embarquée 

A={motor, wiper, rest sensor,Krst switch, K1 switch, wireA, wireB, wireD, wireE} 



  Etape 2 : Génération des hypothèses de diagnostic 
  Chaque élément (i.e. mode) de Qref peut potentiellement expliquer la 

faute : A=COMP ⋂ ⋂i{Ai} 
  Construction d’un graphe causal CSDi pour chaque qi ∊ Qref 

  Graphe orienté  - Arc entre deux sommets vi et vj existe si la variable vi (cause) 
influence le variable vj (effet) -  Variables labellisées par des Tests 

  Application du diagnostic à base de modèle causal pour chaque qi ∊ Qref 

  Le graphe est parcouru vers l’arrière - une variable est qualifiée de OK si la 
valeur observée correspond à la valeur prédite 

  Adaptation du diagnostic logique (Reiter)  
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Raisonnement de diagnostic 



Application au diagnostic d’une fonction embarquée 

Graphes causaux q1 et q2 

sobs ={ϭign, ϭact} => K1 OK en q1 et Krst not OK  
Signature partielle observée = Signature partielle théorique 

A = {Krest switch, rest sensor, wiper, motor} 

Krest switch Krest switch 



  Etape 3 : Sélection du Test 
  Détermination de la prochaine variable à tester pour maximiser la 

réduction de l’ensemble d’ambiguïté (et minimiser le cout total de test) 
  Méthode : gReedy diAgnostic Prioritization by ambiguiTy Reduction (RAPTOR) 

  Gonzalez-Sanchez et al 2011 (DX2011) 
  Distribution uniforme des fautes dans le système 
  Matrice de signature Composants/Tests S (tests couvrants/ couverture des tests) 
  Définition de groupes d’ambiguïté (composants non discriminables suite à à k tests) 
  Métrique de l’effort résiduel de diagnostic si les composants sont pris au 

hasard dans ces groupes d’ambiguïté gi 
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Raisonnement de diagnostic 

Réduction d’Ambiguïté 

 et retour étape 2 



Application au diagnostic d’une fonction embarquée 

Matrice de Signature des 
Tests (1 par mode) 

- Groupe d’ambiguïté g1={Krst switch, rest sensor, wiper, motor} (dans q1 et q2) 
and G(AG) = 6/13 
- Tests Tϴ et TΩ coupent le groupe d’ambiguïté en deux groupes 
-  G(AG||Tϴ)=1/13 et G(AG||TΩ)=3/13 
-  Proposition du test de ϴ -> A = {wiper, motor} (ϴ=0 conflit en q2) 
-  Mise à jour de la Table de signature de Test 
- Proposition du test de Ω (% V2)-> A = {motor}  



  Approche de diagnostic des Systèmes hybrides  
  Fondements domaine SED & SC.  
  Pas de modèle de faute -> une extension des approches basées sur 

des dictionnaires de fautes pour prendre en compte des fautes non 
anticipées e.g. fautes de déviations de paramètres 

  Prise en compte de l’hypothèse d’exonération pour les circuits dont 
certaines branches peuvent ne pas être alimentées dans certains 
modes? 

  Cadre distribué w.r.t. problème d’explosion combinatoire 
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Conclusion 

Et Ensuite ?  
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