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Abstract

This paper proposes a method to track the system
mode and diagnose a hybrid system without build-
ing an entire diagnoser off-line. The method is
supported by a hybrid automaton model that rep-
resents the hybrid system continuous and discrete
behavioral dynamics. Diagnosis is performed by
interpreting the events and measurements issued
by the physical system directly on the hybrid au-
tomaton model. This interpretation leads to build-
ing the useful parts of the diagnoser incremen-
tally, developing only the branches that are re-
quired to explain the occurrence of the incoming
events. The resulting diagnoser adapts to the sys-
tem operational life and is much less demanding
in terms of memory storage. The proposed frame-
work subsumes previous works in that it copes
with both structural and non-structural faults. The
method is validated on an application case study
based on the sewer network of the Barcelona city.

1 Introduction
The approaches to detect and isolate faults in hybrid systems
have been addressed by both the FDI and DX communities.
In the FDI approach, the diagnosis is based on the hybrid
automaton to track the system mode[Bayoudhet al., 2008;
Vento et al., 2011] combining the continuous and discrete
techniques to detect and isolate faults. On the other hand,
in the DX approach some authors have proposed alterna-
tive ways to diagnose hybrid systems like using the hy-
brid bond graph formalism[Narasimhan and Biswas, 2007;
Daigle, 2008].

This paper follows the work presented in[Vento et al.,
2011; Bayoudhet al., 2008] where parity-space residuals
are used to track the mode and diagnose the hybrid sys-
tem. In[Ventoet al., 2011], the operation modes represent
nominal behavior and diagnosis focuses on fault detection
and isolation ofnon-structural faults, i.e. faults that do not
change the structure of the model (e.g. additive faults in sen-
sors and actuators). In[Bayoudhet al., 2008], the operation
modes may be nominal or faulty, leading to the capability
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of detecting and isolatingstructural faults(e.g. an actuator
stuck at a given position, opened or closed). In both cases,
a set of analytical redundancy relations (ARR) are inferred
from the set of equations in each mode and they are used
to generate a set of residuals. In the case of non-structural
faults, the fault effect on the residuals of every mode is as-
sumed to be known and is captured by theoretical fault sig-
natures. Tracking the system mode involves detecting that
the residuals of the current mode are different from zero and
checking the theoretical fault signatures against the residu-
als evaluated with measurements. In the case of structural
faults, fault models are assumed to be known and the resid-
uals of a faulty mode are expected to become zero when the
fault is present.

The methods presented in the above mentioned works
rely on a finite state machine called adiagnoser[Sampathet
al., 1995] which is built off-line from the hybrid model and
the residuals are generated for each mode as explained in
[Ventoet al., 2011; Bayoudhet al., 2008]. The main issue
with these off-line approaches is that since the number of
states of the diagnoser grows exponentially with the number
of states of the hybrid automaton, the generation of the set
of residuals for every mode may be a limiting factor.

This paper proposes a method to track the system mode
and diagnose the hybrid system without building the entire
diagnoser off-line. Diagnosis is performed by interpreting
the events and measurements issued by the physical system
directly on the hybrid automaton model. This interpreta-
tion leads to building the useful parts of the diagnoser in-
crementally, developing only the branches that are required
to explain the occurrence of the incoming events. Gener-
ally, a hybrid system operates in a small region compared
to the entire behavioral space defined by the hybrid automa-
ton states. A significant gain hence comes from the pro-
posed approach. Moreover, the proposed framework sub-
sumes previous works in the sense that structural and non-
structural faults are considered at the same time.

The structure of the paper is the following. In Section 2,
the hybrid model is presented. Section 3 provides the prin-
ciples of the proposed method to diagnose faults in hybrid
systems. In Section 4, the method to incrementally build the
diagnoser of the hybrid system is presented as well as its im-
plementation. In Section 5, an application case study based
on the sewer network of the Barcelona city is used to assess
the validity of the proposed approach. Finally, conclusions
are given in Section 6.
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2 Hybrid System Modeling
The hybrid automaton model results from an adaptation of
[Lygeroset al., 2003; Bayoudhet al., 2008; Ventoet al.,
2011]. This work assumes linear continuous dynamics in
each mode represented by discrete-time state space models.
Let us consider that the model of the hybrid system to be di-
agnosed can be described by the following hybrid automa-
tonHA =< Q, X , U , Y, F , G, H, Σ, T >, where:

• Q is a set of modes. Eachqi ∈ Q with |Q| = nq

represents a nominal operation or faulty mode1 of the
system such thatQ = QN ∪ QFs .

• q0 ∈ Q is the initial mode.

• X ⊆ Rnx defines the continuous state space.x(k) ∈
X is the discrete-time state vector andx0 the initial
state vector.

• U ⊆ Rnu defines the continuous input space.u(k) ∈
U is the discrete-time input vector.

• Y ⊆ Rny defines the continuous output space.y(k) ∈
Y is the discrete-time output vector.

• F is the set of faults that can be partitioned asF =
Fs ∪ Fns taking into account structural2 and non-
structural faults.

• G defines a set of discrete-time state affine functions
for each mode:

x(k + 1) = Aix(k) + Biu(k) + Fxifns(k) + Exi (1)

whereAi ∈ Rnx×nx , Bi ∈ Rnx×nu andExi ∈ Rnx×1

are the state matrices in modeqi, fns(k) is a vector rep-
resenting non-structural faults withFxi being the fault
distribution matrix. The casefns(k) = 0 corresponds
to a nominal behaviour.

• H defines a set of discrete-time output affine functions
for each mode:

y(k) = Cix(k) + Diu(k) + Fyifns(k) + Eyi (2)

whereCi ∈ Rny×nx , Di ∈ Rny×nu andEyi ∈ Rny×1

are the output matrices in modeqi andFyi is the fault
distribution matrix.

• Σ = Σs ∪ Σc ∪ ΣFs is the set of events. Sponta-
neous mode switching events (Σs), input events (Σc)
and structural fault events (ΣFs) are considered.Σ can
be partitioned asΣo ∪ Σuo whereΣo represents the set
of observable events andΣuo represents the set of un-
observable events.ΣFs ⊆ Σuo, Σc ⊆ Σo andΣs may
have elements in both sets.

• T : Q × Σ → Q is the transition function. The tran-
sition from modeqi to modeqj labeled with an event
σ ∈ Σ is denoted byT (qi, σ) = qj or by tij when the
event is of no interest3.

Alternatively, the model given by (1)-(2) can be expressed
in input-output form using the delay operator which is de-
noted byp−1 and considering zero initial conditions as fol-
lows:

1Faulty modes represent structural fault models.
2Every faulty modeqi ∈ QFs has a corresponding structural

fault fqi ∈ Fs and is associated with a fault event defined in the
setΣf .

3It is assumed that there is only one transition from a given
modeqi to a given modeqj .

y(k) = M i(p
−1)u(k) + Υi(q

−1)fns(k) + Emi(p
−1) (3)

wherep−1 is the delay operator,M i(p
−1) represents the

transfer function between inputs and outputs of the sys-
tem, Υi(p

−1) is the non-structural fault transfer function
andEmi(p

−1) is a constant term.

3 Proposed Hybrid Diagnosis Method
3.1 Principles of the Method
Model-based diagnosis is based on the use of a model of
the monitored dynamic system to detect and isolate faults.
The estimated system behaviour obtained from the system
model is compared with the real behaviour available through
sensor measurements. In particular, FDI algorithms for hy-
brid systems take into account which is the current operation
mode to generate the set of residuals, used to build consis-
tency indicators, and to achieve the diagnosis task[Ventoet
al., 2011]. The scheme of the proposed method to diagnose
hybrid systems is shown in Fig. 1. The figure shows the dif-
ferent tasks involved in online diagnosis. The original idea
is to build an hybrid diagnoser in an incremental manner
when an event occurs.
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Figure 1:Conceptual block diagram for the proposed methodol-
ogy

The method consists in tracking the mode sequence syn-
chronously thanks to a diagnoser which is built incremen-
tally from the so-called behaviour automaton, considering
the possible current modes of the system and their succes-
sors. The original idea of the paper is to build the diagnoser
in an incremental manner when an event occurs. The be-
haviour automaton includes so called signature events that
abstract the residual behaviors. The transitions labelledby
unobservable events inHA may hence turn observable by
means of the signature events thanks to the discernability
property (cf. section III.B).

To detect and isolate faults in the system two possibil-
ities exist. On one hand, structural faults which produce
changes in the dynamics are included inHA as faulty modes
with their own dynamic model. Therefore, the correspond-
ing mode is recognized when its consistency indicators are
in agreement with measurements. On the other hand, non-
structural faults are represented as disturbances on the mod-
els of the different modes ofHA. Using the fault sensitivity
of these models, a fault signature matrix can be generated.
Then, a consistency test using this matrix is carried out com-
paring the set of observed consistency indicators with the
columns of the fault signature matrix.
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Diagnosis is based on the single fault assumption during
the detection phase. However, two faults can occur sequen-
tially, as long as the first one corresponds to a structural fault
and the second one to a non-structural fault. Moreover, it is
assumed that there is a minimal time between state transi-
tions according to the dwell time ofHA.

3.2 Diagnosis Based on Residual Consistency
Indicators

Diagnosis based on continuous dynamics relies on residual
properties. The set of residuals for the modeqi is given by:

r i(k) = y(k)−Gi(p
−1)u(k)−Hi(p

−1)y(k)−Ei(p
−1) (4)

whereGi(p
−1), Hi(p

−1) andEi(p
−1) can be calculated for

instance, using the parity space or observer approach (for
more details see f.e.[Ding et al., 2008])

Once the residuals have been generated, they are eval-
uated with the measurements against a threshold, provid-
ing one consistency indicator of the following form for each
residual:

ϕl
i(k) =

{
0 if |rl

i(k)| ≤ τ l
i

1 if |rl
i(k)| > τ l

i
(5)

wherel ∈ {1, · · · , nri}, nri is the number of residuals for
modeqi andτ l

i is the threshold associated with the residual
rl
i(k). The consistency indicators are then gathered in the

vectorΦqi(k) = [ϕ1
i (k), · · · , ϕ

nri

i (k)]. Sumarizing, con-
sistency indicator vectorΦqi(k) is built from the binarised
residuals (5) of modeqi evaluated with the measurements
corresponding to the current mode of the system at timek.

An important property to track the system mode is dis-
cernability. Discernability between two modes is the prop-
erty that assesses whether two modes can be distinguished
based on continuous measurements. If two modesqi and
qj are discernible and the system changes from modeqi to
modeqj or viceversa, the sequence of signals(u(k), y(k))
change from being consistent with modeqi to being consis-
tent with modeqj or viceversa. This property can be verified
using the consistency indicators defined above[Mezyani,
2007]: two modes are discernible iff the set of consistency
indicators satisfyΦqi(k) 6= 0 andΦqj (k) = 0 with mea-
surements corresponding to modeqj and viceversa.

If neither the consistency indicators of modeqi nor those
of modeqj are in agreement with measurements it is as-
sumed that a non-structural fault is affecting the system.
This kind of faults are identified using the concept of fault
sensitivity[Ventoet al., 2011], which is determined by the
expression:

Λi(p
−1) = (I − Hi(p

−1))Υi(p
−1)

whereΥi(p
−1) represents the non-structural fault transfer

function between the input and the non-structural fault vec-
tor in (1)-(2).

In particular, given the fault sensitivity of thejth residual
with respect to thelth fault denoted asΛi(j, l) (i.e, the el-
ement(j, l) of the sensitivity matrixΛi), the element(j, l)
of the fault signature matrix is determined as follows:

FSi(j, l) =

{
1 if Λi(j, l)(p

−1) 6= 0
0 if Λi(j, l)(p

−1) = 0
(6)

i.e., if thejth residual in modeqi depends on thelth fault,
it is coded as a 1 and it is coded as a 0 otherwise. A non-
structural faulty situation is detectable, i.e. discernible from
the nominal mode, is its signature is different from 0. Two

faulty situations corresponding to thelth and thel
′ th

non-
structural faults are discernible iff their signatures aredif-
ferent, i.e.FSi(•, l) 6= FSi(•, l

′
). Since in a hybrid system,

residuals change with the mode, the fault sensitivity as well
as the theoretical fault signature matrix depend on the mode.

If the situation is such that neither a structural fault nor
a non-structural fault can be isolated, the system mode is
assumed unknown. The diagnosis based on consistency in-
dicators assumes that the residual dynamics have time to es-
tablish between two consecutive transitions.

4 Hybrid Diagnosis
The diagnoser of the hybrid system is a finite state machine
built from the behavior automaton and used, on one hand,
to perform on-line diagnosis and on the other hand, to check
the diagnosability of the hybrid system as presented in[Bay-
oudhet al., 2008]. The method proposes to incrementally
build the hybrid diagnoser from the behaviour automaton
obtained while the system is monitored.

4.1 Behaviour Automaton
The behaviour automaton is the finite state generator of

the abstract languageL(HA) resulting from abstracting the
continuous dynamics captured by the residual consistency
indicators in terms of discrete signature-events[Bayoudhet
al., 2008]. The behaviour automaton is defined byB =<
Q, Σ, T , q0 >.

• Q = Q∪Qt ∪Qt
Fns

∪QFns is the set of discrete states
where:

– Q is the set of system modes,
– Qt is the set of transient modes between two dis-

cernible modes inHA,
– Qt

Fns
is the set of transient modes to represent a

non-structural fault occurrence,
– QFns is the set of modes representing non-

structural fault behaviours.

• q0 is the initial state,

• Σ = Σ∪ΣSig ∪ΣFns ∪ΣSig
Fns

is the set of events where:

– Σ is the set of system events,
– ΣSig is the set of signature-events generated by

functionfSig_ev defined by (7),
– ΣFns is the set of fault events related to a non-

structural fault occurrence,
– ΣSig

Fns
is the set of signature-events for non-

structural faults generated by functionfSig_ev de-
fined by (7),

• T : Q×Σ 7→ Q is the partial transition function of the
behaviour automaton.

In this paper, it is proposed to buildB incrementally fol-
lowing Algorithm 1, which is an adaptation of the previous
approach proposed in[Vento et al., 2011]. The algorithm
exploresHA taking into account only the modes in which
the real system is possibly operating at time instantk.

Assuming that the system is possibly operating in a given
mode or set of modes denoted byqD, to build incrementally
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Algorithm 1 B_Builder(qD)
1: Create a queueL.
2: for all qi ∈ qD do
3: Enqueueqi ontoL
4: end for
5: while L is not emptydo
6: qi :=dequeueL
7: for all qj ∈ Succs(qi) do
8: if qj /∈ Q ∩ Q then
9: Q = {qj} ∪ Q

10: Compute residual expressionrj(•)
11: Classifyqj into Qdisc.
12: if qj creates a new groupν in Qdisc then
13: CalculateFSνj

associated toFns

14: Determine the subsets of detectable faultsF∗
νj

.

15: Determine the set of non-detectable faultsF ′
νj

16: end if
17: end if
18: Defineσ such thatT (qi, σ) = qj :

19: if σ /∈ Σ then
20: Σ = {σ} ∪ Σ
21: end if
22: if σ ∈ Σo then
23: T (qi, σ) := qj .
24: else
25: if qi andqj are discerniblethen
26: Qt = {qt

i−j} ∪ Qt

27: if δνi−νj
/∈ ΣSig then

28: ΣSig = {δνi−νj
} ∪ ΣSig

29: end if
30: T (qi, σ) := qt

i−j .

31: T (qt
i−j , δνi−νj

) := qj .
32: else
33: Enqueueqj ontoL
34: T (qi, σ) := qj .
35: end if
36: end if
37: end for
38: for all fl ∈ Fns do
39: Q = {q

fl
i } ∪ Q

40: if σfl
/∈ ΣFns then

41: ΣFns = {σfl
} ∪ ΣFns

42: end if
43: if fl /∈ F ′

νi
then

44: Q = {qt
i−fl

} ∪ Q
45: if δ∗

Fι
νi

/∈ ΣSig
Fns

then

46: ΣSig
Fns

= {δ∗
Fι

νi
} ∪ ΣSig

Fns

47: end if
48: T (q, σfl

) := qt
i−fl

.

49: T (qt
i−fl

, δ∗
Fι

νi
) := q

fl
i .

50: else
51: T (qi, σfl

) := q
fl
i .

52: end if
53: end for
54: end while

B, all the successor modes for each mode ofqD (Succs(qi))
are explored.

The set of explored modes is partitioned into subsets of
non discernible-modes, forming the partition denoted by
Qdisc = Qν1 ∪ · · · ∪ QνN . This information is stored in
a knowledge base used by Algorithm 1 such that a new set
of residuals is generated only when a mode has not been
previously visited.

Transitions ofHA are integrated inB, evaluating the
discernability property if necessary and analyzing the fault
signature matrix to include non-structural faults as faulty
modes. If a transition ofHA associated with an observable
event is found in the exploration, it is kept inB (see line 23).
Otherwise, the discernability property is evaluated between
these pair of modes. If the two modes are discernible then

an intermediate4 mode is added between these modes. The
outgoing transition is associated a signature-event, indicat-
ing that this mode change can be observed by means of the
consistency indicators (see lines from 25-31).

To include information about non-structural faults inB,
lines 38 to 49 of Algorithm 1 show how a fault signature ma-
trix is generated associated with the current (set of) modes
qD. It is then analyzed to include the non-structural faulty
modesQFns and the transient modesQt

Fns
based on dis-

cernability. Analyzing this matrix, the set of non-structural
faults can be partitioned into detectable (F∗

νj
) and non-

detectable (F ′
νj

) fault subsets. The set of detectable faults
is further partitioned into:F∗

νj
= F1

νj
∪ · · · ∪ FN

νj
(lines 13

to 15), whereN is the number of discernible, hence isolable,
fault subsets.

The signature-events can represent both a mode change
or a non-structural fault occurrence, according to this the
signature event can be labeled according to:

fSig_ev : Q × Q → ΣSig (7)

fSig_ev(qi, qj) 7→ {
δνi−νj ∈ ΣSig if (qi, qj) are discernible
δ∗
Fι

νi

∈ ΣSig
Fns

if FSνi(•, fl) 6= 0

whereqi ∈ Qνi and qj ∈ Qνj with Qνi , Qνj ⊆ Qdisc,
henceδνi−νj denotes an event associated with a mode
change between modes inHA andδ∗

Fι
νi

denotes an event

associated with a faultfl belonging to the setF ι
νi

⊆ F∗
νi

,
andqj ∈ QFns associated with the non-structural fault.

4.2 Hybrid Diagnoser
The diagnoser is a finite state machine

D =< QD, ΣD, TD, qD0 >, where:

• qD0 = {q0, ∅} is the initial state of the diagnoser,
which is assumed to correspond to a nominal system
mode.

• QD is the set of diagnoser states. An ele-
ment qD ∈ QD is a set of the formqD =
{(q1, l1), (q2, l2), · · · (qn, ln)}, where qi ∈ Q and
li ∈ ∆ where∆ defines the power set of fault labels
∆F = ∆Fs ∪ ∆Fns with ∆Fs = {f1, · · · , fγ}, and
∆Fns = {f∗

1 , · · · , f∗
µ} respectively,γ + µ is the total

number of faults in the system andγ, µ ∈ Z+. In ∆F ,
∅ represents the nominal behaviour,

• ΣD = Σo is the set of all observable events.

• TD : QD × Σo 7→ QD is the partial transition function
of the diagnoser.

The transition functionTD can be calculated accord-
ing to the propagation algorithms explained in[Sampathet
al., 1995], from the incrementalB obtained during system
mode tracking. The algorithm to build the transition func-
tion is executed after the occurrence of an observable event
whenever the state has not been previously visited. The part
of the diagnoser obtained takes into account only the possi-
ble successor modes and hence the transitions that can occur
next.

4The transient mode is a way to account for the hybrid automa-
tonHA dwell time requirement. This requirement guarantees that
residuals, and hence consistency indicators, can be properly com-
puted and that signature-events can be properly issued[Bayoudh
et al., 2008]

189



5 Application Case Study
To illustrate the method, a part of the Barcelona sewer net-
work presented in[Ventoet al., 2011] is used (see Fig. 2).
The elements that appear in the example are: two virtual
tanksT0 andT1, a control gate (gate1), two pluviometers
P19 andP16 to measure the rain intensity and two limnime-
tersL39 andL41 to measure the sewer level. The control
gate is commanded by a controller applying open/close gate
actions depending on the flow in the sewer.

q0des

q1des

P19

P16

L39

L41

T0

T1

controller
gate1

v0 tank volumeT0

v1 tank volumeT1

P19, P16 pluviometers
L39, L41 limnimeters
q0des overflow inT0

q1des overflow inT1

βi volume to flow conversion factor of external tankTi(
1
s
)

Mi conversion factor in the output valve in tankTi

Si Area of virtual tanks(m2)
φ absorption factor of tankTi

vi maximum volume in tankTi(m
3)

∆t sample time(s)

qa

qb

Figure 2: A small part of the sewer network

5.1 Hybrid Modeling
A hybrid automaton model can be obtained to represent the
hybrid phenomena present in the network associated with
the virtual tanks and the control gate. A way to obtain the
hybrid model is to provide the automata for each component
(T0, T1 andgate1) and then synchronizing all automata to
get the global model[Henzinger, 1996]. The automaton for
a virtual tank is given by two discrete states: overflow (O)
and non overflow (WO) as is shown in Fig. 3. Regarding
the control gate, there are four discrete states, the nominal
behaviours (open or closed) and the faulty behaviours (stuck
open or stuck closed).

qin
i (k) < qout

i (k)
vi(k) >= viTi

WO
Ti
O

(a) Automaton for a virtual tank
Ti

σf2

σo2

σo1

σo2

σf1

σo1σo2

σo1

σo1o2

σf2

σf1

open
gate

stuck
open

close
gate

stuck
closed

(b) Automaton for a control
gate

Figure 3:Automaton for the components

The global hybrid automaton has 16 operation modes
modes where 8 of them correspond to nominal modes and
the rest correspond to different configurations involving a
control gate fault (stuck closed or stuck open). The set
of structural faults is given byFs = {f1, f2} and the
non-structural faults correspond to additive faults in sen-
sor (L39, L41, P19, P16) given by Fns = {f3, f4, f5, f6},
respectively.

The setΣs = {σuo1, σuo2, σuo3, σuo4} represents the un-
observable spontaneous events. Eventσuo1 corresponds to
the volume in tankT0 reaching its maximumv0 ≥ v0. Event
σuo2 corresponds to the input flow being less than the output
flow from T0 (i.e.,qin

0 < qout
0 ). The other events are related

to the virtual tankT1. The setΣFs = {σf1, σf2} repre-
sents the fault events related to the structural faulty modes
andΣFns = {σf2, σf3, σf4, σf5} the non-structural fault
events. The setΣc = {σo1, σo2} gathers input events cor-
responding to closing or opening the valve issued by the
controller.

5.2 Simulation Results
Assume that the system tracks the mode sequence
{q1, q3, q1, q5} and the sampling time is∆t = 300s. Mode
q1 refers to the situation in which no tank is in overflow.
Then,T1 is in overflow during a period of time (modeq3)
until it leaves the overflow situation (modeq1). Later, the
control gate is closed. The diagnoser must track the right
mode sequence and detect and isolate the possible faults
from an incrementally built behavior automatonB.

Assuming that the initial mode is known and it isq1, then
applying Algorithms 1 the initialB is shown in Fig. 4. The
initial diagnoser is obtained applying the propagation algo-
rithm described in[Sampathet al., 1995] to the initial B.
Then, the diagnoser waits for the occurrence of an event.
Notice that the initialB includes the possible events that
may occur. These events areδ13, δ14, δ12, δ∗

F1
ν1

, δ∗
F2

ν1

, δ∗
F3

ν1

,

σo1 andσo2 .

σf6

σf3

σf4

δ∗
F2

ν1

δ∗
F2

ν1

σf3

δ13

σf1

δ12

δ∗
F1

ν1

δ∗
F2

ν1

δ∗
F3

ν1

σo1

σuo2

σo2

δ14

δ∗
F1

ν1

σf4

σuo1

σf2

σf5

δ14

δ∗
F2

ν1σf5

σuo2

σo1

σo2

δ∗
F3

ν1

σuo1

δ13

σf6

qt
1−10

qt
9−13

qt
9−11

q∗t
f4 1

q3

q1

qft∗
5 1

q∗t
f6 1

q2

q5

q∗t
f3 1

q9

q49

q19

q39

q29

q41

q11

q31

q21

q∗t
f6 9

q11

q10

q13

q∗t
f4 9

q∗t
f5 9

qt
1−2

qt
1−3

q∗t
f3 9

Figure 4: Initial incrementalB

Notice thatQdisc = Qν1 ∪ Qν2 ∪ Qν3 ∪ Qν4 ∪ Qν5 .
Fig. 5 shows the value of the set of residuals for all groups
in Qdisc. According to the set of residuals for the set of
modes ofHA, two signature-events,δ14 andδ41, were iden-
tified using the consistency indicators appropriately. These
signature-events correspond to transitionsq1 → q3 and
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q3 → q1 with q1 ∈ Qν1 and q3 ∈ Qν4 . Notice for in-
stance that when the system is in modeq3, Φν1(k) 6= 0 and
Φν4(k) = 0. Both modesq1, q3 ∈ Q represent a nominal
behaviour.

0 2000 4000 6000 8000 10000 12000
−2

−1.5

−1

−0.5

0

0.5

1

r ν 1(k
)

0 2000 4000 6000 8000 10000 12000
−2

−1.5

−1

−0.5

0

0.5

1

r ν 4(k
)

0 2000 4000 6000 8000 10000 12000
−2

−1.5

−1

−0.5

0

0.5

1

r ν 3(k
)

0 2000 4000 6000 8000 10000 12000
−3

−2

−1

0

1

r ν 2(k
)

δ
14

δ
41

σ
o

1

δ*
F

1

ν
4

0 2000 4000 6000 8000 10000 12000
−6

−4

−2

0

2

r ν 5(k
)

Time (s)
 

 

r1ν
i

(k)

r2ν
i

(k)

non−structural fault detection time
mode−changes detection times in HA

Figure 5: Residuals generation for the set of modes inHA

Later, the observable eventσo1 occurs, corresponding to
the control gate closing. This event is identified instanta-
neously and indicates that a mode change fromq1 to q5 takes
place. Fig. 5 shows the set of residuals of modeq1 and
q5 ∈ Qν2 . It should be noticed that the residuals in modeq5

are consistent with measurements afterδo1 is detected, i.e.
Φν2(k) = 0.

The set of residuals are only generated for modes that are
visited inHA. In this way, the efficient use of memory is
guaranteed. There is a set of two residuals per group using
the expression given by (4).

A non-structural fault then occurs at9000s (indicated in
Fig. 5 with a black vertical dashed line). Then, the di-
agnoser detects the fault at9300s. The set of consistency
indicators of modeq5 are used to isolate the fault. The
observed signature is[ 1 0 ]t which, according toFSν4 ,
corresponds to a fault in sensorL39. Finally, the hybrid
diagnoser stops and reports the diagnosis. Indeed, a non-
structural faults needs to be repaired before the diagnoser
can resume.

The report given by the hybrid diagnoser is shown in Ta-
ble 1. The first column represents mode changes inHA, the
second one, the identified events. The third column corre-
sponds to the diagnoser state information and total number
of states generated, the fourth one shows the total number of
residuals generated. The last two columns show the occur-
rence time and the detection time of the identified events.

Mode change Reported event State diagnoser Generated Occurrence Detection
(total number of states ) residuals time (s) time (s)

q1 → q3 δ14 (q3, {}), (q13, {f2}) (7) 8 3000 3300
q3 → q1 δ41 (q1, {}), (q9, {f2}) (13) 10 4200 4500
q1 → q5 σo1 (q5, {}), (q9, {f2}) (23) 10 6900 6900
q5 → q3

5 δ∗
F1

ν4

(q1
5 , {f3}), (q2

5 , {f5}) (23) 10 9000 9300

fault f3 ∈ Fns in Modeq5

Total 23 10

Table 1: Hybrid diagnoser report

Table 2 provides a comparison of the results obtained
with the present method and those obtained with the off-
line diagnoser generation[Vento et al., 2011; Bayoudhet
al., 2008], standing out the benefits of the proposed method.

6 Conclusions
A method to incrementally build a hybrid diagnoser has
been presented. The diagnoser is built whenever the system

Previous methods Proposed method
Number of diagnoser
states

75 23

Number of residuals
generated

10 10

Computational com-
plexity

Exponential(2NstatesD ) Lineal (NSuccs(qD))

NstatesD Total number of
diagnoser state

NSuccs(qD) Total number of
successors

Table 2: Comparison with previous methods according to
the simulation scenario

requires it after an event occurs (signature-event or input
event). The method comprises the detection and isolation
of structural and non-structural faults which are includedin
the system model. The diagnoser executes the tasks of mode
recognition and identification using the consistency indica-
tors generated from a set of residuals for every mode and
then builds the part of the diagnoser required by the system
operation. Thus, the diagnoser obtained requires less mem-
ory space and can be efficiently obtained online. An illus-
trative example of the proposed approach based on a piece
of the Barcelona sewer network is used. Future work will
consider to add the incremental design of theHA from the
component hybrid automata. This will nicely complete the
proposed incremental approach, avoiding not only to store
the whole diagnoser but also the whole hybrid model.
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