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Abstract: The paper presents a new method for fault detection in discrete event systems that was
developed based on the classical diagnoser approach. The goal was to reduce the amount of computation
that has to be done for isolating a fault as soon as possible. To do this, we have reduced the number of
states for the process model, the system model and consequently, the number of states for the diagnoser.
In order to demonstrate, the method is used and tested on a compressor station, in a comparative analysis

with the classical method.
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1. INTRODUCTION

One of the biggest problems in automation systems is that
things can go wrong. Unfortunately, there is no such thing as
perfect equipment. Moreover, the behaviour of a system can
be modified in time. In industrial systems, if something
doesn’t work properly or doesn’t work at all, this can lead to
huge loses, or even worse, to accidents. This is why these
faults need to be detected and isolated as soon as accurately
as possible.

The increase in requirements for the control system of
modern industrial plants also leads to an increase in their
vulnerability, mainly because of the big number of sub-
processes and their complex interactions. Therefore, it is
necessary to develop and implement adequate methods of
failure diagnosis, capable of detecting the failures and their
location, taking into account all the available details
regarding the process and its operation. The knowledge
regarding the components of the automation process, its
desired behaviour, failure type and its location, are
indispensable requirements for the implementation of
adequate methods for failure detection. Preventive failure
detection can also be used to increase the availability and to
reduce the breakdown situations, usually of considerable
economic consequences.

Failure detection in dynamic systems is both an old problem
(Willsky, 1976) and also a modern one. (Gertler, 1988)
identified three layers of failure diagnosis process: failure
detection, failure isolation and failure identification. Even
since 1995 the detection and isolation of faults in discrete
event systems has received a lot of attention (Sampath et al.,
1995). Later this work was extended in many directions. For
example, (Lunze and Schroder, 2001) showed that the
observer of a finite-state stochastic automaton cannot be
represented by another finite-state stochastic automaton.
(Thorsley and Teneketzis, 2005) introduced the notion of
stochastic diagnosability assuming the use of reliable sensors.

The authors also presented the method of building stochastic
diagnoser. Later, the work was extended to unreliable sensors
by (Throsley et al., 2008). (Athanasopoulou et al., 2006)
described a method for computing the observation likelihood
of a stochastic automaton and use this method to find the
most-likely stochastic automaton. (Wen-Chiao et al., 2009)
developed sequential window diagnosers (SWDs) utilizing
the notions of state probability vector and stochastic
diagnoser probability transition matrices. (Ribot et al., 2009)
presented a formal characterization of the diagnostic and
prognostic problems in order to support the maintenance of a
complex system. (Gascard and Simeu-Abazi, 2011) proposed
a model-based approach to passive online fault diagnosis for
timed systems, describing the system to be diagnosed as a
network of communicating timed automata. (Ferrarini et al.,
2011) described a whole methodology for the design of a
real-time diagnostic system, from the specification to
implementation, along with a complete testing on a real
industrial automated system. A novel practical algorithm for
real-time diagnosis suitable for automated devices (TiDiaM)
is presented by (Ferrarini et al, 2011). (Rincon, 2012)
presented the study of the detection and diagnosis of multiple
faults in a Gas Turbine using principal component analysis
and structured residuals method.

A difficult issue in large industrial systems is that there may
be multiple faults at one moment of time. And even if the
probability of simultaneous failure is low, in these cases, we
may find another difficulty: the personnel don’t have enough
time to fix all faults in time.

Multiple faults can lead to the phenomenon known as “fault
masking”, meaning that the presence of one fault may hide
other faults. This is often seen when speaking about faults
which have a major impact on system operation and in case
of sensor failure. This is why in theory it is very common to
consider the sensors as ideal (do not ever fail).

Because of this, the interest in developing dedicated fault
diagnosis methods both for sensor systems and for actuators
has grown. For example, (Alexadru and Popescu, 2001) have
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presented the results of the experiments on an electrical
motor in order to perform on-line diagnosis.

In the sensor domain, (Zhu et al.,, 2010) has presented a
method for fault diagnosis in sensor systems based on
principle component analysis.

Also trying to solve some errors in measurements, the sensor
manufacturers has developed intelligent sensors, smart
devices with signal processing functions shared by
distributed machine intelligence (Yurish, 2010).

There is also interest in the field of wireless measurements:
(Rughinis and Gheorghe, 2013) have developed an attack
and fault detection framework for wireless sensor
networks - TinyAFD.

Fault diagnosis in large systems requires complex
computation. One approach is to break the system and the
diagnoser into small and independent ones. Unfortunately,
this may lead to diagnostic systems that do not take into
account all possible interactions. Another idea is to
concentrate on the diagnosis of one type of fault only (one
diagnoser per fault). (Pencolé et al., 2006) proposed to
analyse the system in order to detect a subsystem that is
sufficient for diagnosing this particular type of fault.

The classical diagnoser method can become difficult to
implement in large and complex systems due to the large size
of the sets of descriptive parameters which are obtained by
computing the diagnoser as shown in section II. Large sets
lead to the necessity of large computing and storage
capabilities. This paper presents a method for fault detection
that was born from the need to reduce the amount of
computation that has to be done in order to isolate a fault as
soon as possible. The method we propose is based on the fact
that any automation system is made of several components
that have the same characteristics and operate in a specific
manner. Based on this, in the first phase, we split the process
into disjunctive groups and in the second phase, we detect the
fault that occurred in the operation of the process using the
diagnoser approach. By this method, we obtain an important
reduction in the required number of states used to represent
the process and the attached controller, which accelerates the
process of tracking and identifying errors. The method is
different than any other approach presented above, but it is in
line with the trends in fault diagnosis domain.

The rest of the paper is organized as follows: in Section II all
the necessary notations and definitions are introduced in
order to establish the basis for Section III which introduces
the new method for fault detection, based on grouping
criteria. Section IV describes an example of implementation
on a compressor station. Section V concludes the paper.

2. THE DIAGNOSER AUTOMATON

Because the method presented in the following section is
based on the classical diagnoser approach (Ferrarini et al.,
2011), we will describe here the basic rules and methods to
build the plant model, the control model and finally the
diagnoser automaton.

2.1. The plant model

The plant model is described as an automaton which
represents the model of physical devices to be controlled
(without control):

P:r=(X 2 p.opxg,) (1

where X p denotes the set of states, 2 p represents the set
of events, 0 P is the transition function between the states

and X » represents the initial (start) state.

The set of events can be partitioned into observable and
unobservable events as follows:

2p=2p—0"Y 2 puo 2

The set of the observable events (2 p—o) contains all the

events from the plant that can be observed. The observable
events in a system may be one of the following: commands
given by the control system, sensor readings after the
execution of the commands or changes of sensor readings.

The set of the unobservable events (2 p—uo ) contains events

that cannot be observed, failure events or other events that
cause changes in the system, without being detected by the
Sensors.

The plant model is wusually represented as parallel
composition of each elementary component also measuring
and control equipment (sensors, valves, motors, pumps, etc.).

2.2. The control model

The control model represents the desired behaviour of the
plant and is also described as an automaton, similar with the
plant model:

C: = (X (20,0 0% ) 3)

In equation (3), X ¢ represents the set of control states, 2,
denotes the set of observable events, 5C is the transition

function and Xoc Tepresents the initial state.

The set of observable events can be partitioned into subset of
measures (2, ) and subset of commands (2., ) as follows:
E() = Z()e‘ “ Ece' (4)

In the control model, we have two cycles that are identified:
the nominal cycle and the error handling model (Seungjoo
and Dawn, 2005). The first one represents the nominal
behaviour, the sequence of the events describing the
behaviour of the system, as if nothing goes wrong. The
second one describes the behaviour of the system when one
or more faults occur. The faulty behaviour is connected to the
nominal one and describes the evolution of the system after
each specific fault occurrence from each possible nominal
behaviour state.
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2.3. The diagnoser automaton

The above sub-sections describe how to represent the plant
model P and the control model C. Now, the system model
can be considered as a parallel structure:
S:=P||C s
S:=(Xg25.05%0s/) ©

Having the system model and the set of fault labels:
Af:={F, Fy, ... By}, (6)

the classical diagnoser automaton can be synthesized as
described by Sampath et al. (1995):

D:=(Xp2pdpXop) (7)

3. THE PROPOSED METHOD

The method we have developed involves, in the first phase,
partitioning the process into disjunctive groups and in the
second phase, detecting the fault that occur in the operation
of the process. By this method, we obtain an important
reduction in the required number of states used to represent
the process and the attached controller, which accelerates the
process of tracking and identifying errors.

3.1. Grouping the components

The efficiency of the method is strongly influenced by the
chosen grouping criteria depending on the application we
consider.

Within an industrial plant, we can group the automation
equipment into several types, according to the following
criteria:

Types of components

The components of a facility/plant can be grouped in two
main categories, each of them consisting in several types:

e execution components (pneumatic valves, electric
valves, pumps, compressors, engines, and so on);

e measurement components (sensors: pressure,
temperature, flow, level, weighing, position and so
on).

By grouping all or some components of the same type (for
example pneumatic valves), the corresponding model could
be described by an automaton having the same number of
states and events.

Response time

The response time of the components is not a criterion for the
method described above. However, if we want to supplement
it with time used in TiDiaM, it becomes a very important
criterion to consider.

The operation of the components

Depending on the operation of the plant as a whole and the
control logic, each type can be divided into several
categories. For example, a category can consist of valves that
act similar in the operation (meaning that will be either

closed or opened at the same time) or work alternatively (will
not be all closed or opened at the same time).

This criterion is highly dependent on the particularities of the
plant and the control sequences.

3.2. Method

Suppose that the plant has n components:
[1={B, P, ..., B}, (8)

and the plant model P is a parallel composition of its
components:

P=B| Pl ... || B ©)

where F; are automata described by:

{Pz = (Xpi’zpi’api’xOpi)

ie{12,..n} ' (10)

Like in the single automaton model, the event sets for each
component can be partitioned into the set of observable
(>

) and the set of unobservable events ( X pi—uo ), as:

(11)

Suppose we group the components in several types,
according to one or more criteria presented above. We define

the following partition of []:

pi—o

Epi :Epi—ouzpi—uo :

IM=1I1, uIll, u...UIl
{ 1Y1; s (12)
s<n
where:
Iy =R . s Byl — pel
15 ={Py{,Pys,.... Py :} —type2
2=ty ’ 13)
Il = {Py1> Pynees Bp t —type3
and:
Hth,he{l,2 ..... s}
HimHJ.:cDVi;tj (14)
ijef12,...,s}
For each group (type h):
My, =Py By B/ (15)
he{l2,..s} ’
we consider an automaton:
Gp' =X Ghir® Ghi-OGhi0Gh/> (16)

where the elements of the sets X, and 2. are
dependent on the corresponding elements of process
components of [].

So, if:

{P hi =X niZni-OniXoni/

ief12,. khhe{12,..s} a7
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and:

1 2 b
i =0hp O Opit s
ie{12, khhef12,..5)

(18)

then:
X ={xl x2 x&, 2
Gh Gh*Gh Gh

12 b
2Gh =1GroGH-oGn/
he{l2,..,s}

(19)

are defined as:
I i i
Xy = X11,X17, .0 X
Gh =X g, Cht¥h2hk)
(20)
he{l2,..,s}ie{l2,. .k}

The set of group automata is defined as:

21)

For f and f we consider simple functions
Xen >Gh

implemented by the following architecture (Fig. 1):

C Edge ::
:: detector :: [
function of group

Fig. 1. Architecture
component.

Boolean
function

of a typical
The event set 25, can also be partitioned into observable
and unobservable events as follows:

26Gh =2Gh-0 % Gh-uo (22)

Based on this grouping, we construct a group-based model of
the plant G as a parallel composition of group models:

{G=G1||G2||...Gs

. 23
G=(XG26o6%0G/ 2

It is obvious that the dimension (the number of states and the
number of events) of G is lower that the dimension of P:

Xl <IXpl 4
Sl <ISpl @9
The controller for P is defined as:
Cp'=&cpZepicpXocp/ (25)
Xep=Xcep1 Y Xep2 VY Xepy
ECP:Epl_OUsz_OU...Uan_O, (26)

dcpXcpX2cp = Xcp

where:
Xcp; - are the states of the controller corresponding to F; .

Zpi_o — is the set of observable events corresponding to P,
dcp - is the transition function between the states.

xoCp - represents the initial (start) state.

We construct the group-based controller model:

Co'=Xcg*ce9cc*ocG/ (27)
where:

Xe=Xce1VYXcGa VYV Xcas

2¢G =2Gh-o (28)

ScGXcG X2 ce 2 XcG
and:
X —are the states of the controller corresponding to G;.
2 c; —1s the set of observable events corresponding to G;.
dc - 1s the transition function between the states.
XgCG - represents the initial (start) state.

Because of the way it was build, the group controller has
fewer states and events that the initial one.

KXol <Xl 29)
126l <12l

Similar with (5) we construct the system model for P:
{SP A (30)
Sp=Xgsp-25pspXosp)

and the group system model for G:
{SG e (31)
SG =X 5G-25G95G*05G/

then:
{|X 56l <X spl

. 32
2sal<IZgpl G2

3.3. Fault detection

Finally, we compute the diagnoser, according to the classical
method.

We define the failure partition for P:

Afp=FV FhuU. U, (33)
F; - the set of failure for the component F;

We group F; in accordance with (13):

Afp :Fl—Il U FH2 U ..U FHS’ (34)

FH~ the set of failure for the component [1;
i
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Fr =F U FHuU ... U F:
]'[1 11 12 1i
F =Fy1U FhroU ... U F, .
]'[2 21 22 2]’ (35)
FHs =FS1 U Fs2 U... U Fsk
where:
1 -2 j .
Fy ={FgFa-Hehac{12,..i}
e ) i .
sz —{sz,sz ..... sz},be{l,Z ..... J } (36)
1 -2
Foo = {FoF2., . FK ) ce 12, k)
We can now define the failure partition for G as:
FGi - set of failure labels for G;,
where:
Foy=(F' F2 . F }
G Gl" Gl Gl
1 2 J
Frn={F _ F~ ., F
2= gy Fgrtay (38)
1 2 k
F~.={F F° ,., F
Gs =1 Gs Gs}
a a pa a
FGl =fGl(Fl 1,Fiz ..... Fil ),ae{l,2 ..... l}
b _ b b b .
FG2 = sz(le,Fzz ..... sz),b (S {1,2 ..... J } (39)
Fés = fGS(FScl,FScz ..... Fg)cefl2,. .k}

We can now compute the diagnosers: one for the classical
model of the system S and the failure partition Af; p:
Dp =(Xpp.2pp.9pp-Xopp) (40)
and one using the group system model S; and the failure

partition 4f;:

DG =X pG+pG°pGXopG/ - (41)
It is now obvious that:

| 4fp < 4f |, (42)
and taking into consideration also the equation (32) we
conclude that:

X pGl <X ppl

DG DP. (43)
2pal<IZppl

Because all the automata involved in the generation of Dg;

are smaller than the ones used for Dp, the diagoser Dg

will also have fewer states and fewer events than the classical
one.

When a failure occurs, DG will isolate the fault and will
estimate it belongs to F;; , meaning a fault at a component
from F; (of type ie{12,..s}).

An automation system usually includes an events history
component that keeps the record of all the observable events
that occurred.

Consider we store the observable events recorded until the
fault occurred, in an array (44).

L=y 1y hs (44)

Fig. 2. Identifying the faulty component.

where y; is an observable event recorded at time t.

We can search for the exact component that has a fault by
searching the event from 2 pi that appeared in L (Fig. 2).

The dimension of L depends on the local monitoring and
control system and its storage capacity. Most of the systems
ensure at least the storage for few days history events.

Having a multiprocessor architecture (w processors) we can
identify the defective component using a parallel algorithm
(Fig. 3).

Both Fig. 2 and Fig. 3 present algorithms for searching one
single fault. They can be easily improved, to search for more
than one fault, by replacing the variable Ans with an array.

The method we have presented is highly dependent on the
degree of grouping; therefore, on the particularities of the
plant and the control sequences.

This is the reason why the most important disadvantage of
the method we have presented above is that there may be
situations (plants) in which the method will not bring major
improvements or will not bring any improvements at all to
the classical method.

This can happen especially in small processes with few
components, or composed of several sub-processes between
which the interaction is limited.
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But for small processes the conventional method is not a
challenge, since the amount of information and computing is

not high.

A A

I,

=,

—_—_—— e, e ———

N~ e e o o o —— — — ———

Processor 1 Processor 2

Fig. 3. Parallel algorithm for identifying the faulty component.
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Processor w

Gas input
XV3

Fig. 4. Compressor station.

For processes that consist in several sub-processes, because
of the limited interaction, it is easy to build separated
diagnosers for each sub-process, returning in the situation
above.

This is why the criteria we have presented do not limit the
application of the method to a certain category of processes

Compressor

P Exhaust

Gas output

XV4

(plants), but represent the rules for defining the generalized
plant model.

4. EXAMPLE OF IMPLEMENTING THE METHOD

In order to demonstrate the effectiveness of the method we
presented above, we exemplified it on a small compressor
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station. The station is composed of one compressor, the gas
and ventilation systems (Fig. 4).

The components and the operations of the considered system
are the following:
The gas piping system was equipped with two valves:

e  XV3 on the inlet;

e  XV4 on the outlet.
The ventilation piping system was also fitted with two
valves:

e  XVI to vent the inlet gas pipes;

o  XV2 for venting the outlet gas pipes.

All valves are of the same type, dimensions and are provided
with limit switches for monitoring their position in the
control system.

The operation of the compressor station:
The initial state is the same as the safe state of the plant and
is described as following:

e  Compressor stopped;

e Valves XV1, XV2 — opened;

e  Valves XV3, XV4 — closed.
The start-up procedure is composed of the following
sequence:

e Close the valves from the ventilation circuit (XV1,

XV2);

e  Open the valves from the gas pipes (XV3, XV4);

e  Start the compressor.
The station will be automatically shut down in the following
situations:

e Any alarm (manual, fire alarm, gas leaks);

e  Manually by the operator.
The shut down procedure consists in:

e  Stop the compressor;

e Close the valves from the gas pipes (XV3, XV4);

e Open the valves from the ventilation circuit (XV1,

XV2).

Using the classical diagnoser approach, we would construct
the automaton for every component in order to achieve the
plant model as parallel composition. Next, we would
construct the control model and the system model. For our
examples we used DESUMA/UMDES software developed
from the University of Michigan, which permits the
generation of the automata of the system (plant and control
models) and the diagnoser automaton.

For the above example we define the plant II having 5
components:

[1={P.Py. Py Fy. B . “5)
where:

B —is the automaton for XV1 - Fig. 5

P2 — is the automaton for XV2 - Fig. 6

Py —is the automaton for XV3 - Fig. 7 (46)

P4 — is the automaton for XV4 - Fig. 8

P5 — is the automaton for the compressor - Fig. 9
According to (17) we have:

A =(X1,21,01%01)

Py =(X9,29.05.%3)
Py = (X3,23,03,%)3)
Py = (X 4,2 4,04 %04)
5 =(X5,25,05,.%)5)

(47)

and:

X ={XV1_O0XV1_CXV1_SOXV1_SC,

XV1 C:sol XV1,XV1 O:sc2 XV1}

2 ={Z51_C— Z51_0,Z51_0 — ZS1_C,
(c XV1,Z51 ¢),(c XV1,ZS1 o),

(o XV1,ZS1 ¢),(o_XV1,ZS1 o),scl XV1,
sc2 XVl1sol XV1,so2 XV1}

Xy ={XV2_0XV2_CXV2_SOXV2_SC,
XV2 C:sol XV2,XV2 O:sc2 XV2}

2y ={Z82 C— 782 0,252 0752 _C,
(c XV2,Z52 c),(c XV2,ZS2 o),

(o XV2,Z82 c),(0o XV2,ZS2 o),

scl XV2,sc2 XV2,501 XV2,502 XV2}
X3 ={XV3_OXV3_CXV3_SOXV3_SC
XV3 C:sol XV3,XV3 O:sc2 XV3}

2y ={Z83_C—>ZS§3_0,283_0—> ZS§3_C,
(c XV3,Z83 C),(c_XV3,Z5S3 0),

(o XV3,ZS3 C),(o_XV3,ZS3 C),

scl XV3,sc2 XV3,s01 XV3,502 XV3}

Xy ={XV4_0XV4_CXV4_SOXV4_SC
XV4 Crsol XVAXVA O:sc2 XV4)

2y ={Z54_C—7Z54_0,254_0— 7254 C,
(c XV4,254 C),(c XV4,Z54 0),

(o XV4,Z84 C),(o XV4,Z254 C),

scl XVa,sc2 XV4a,sol XV4s02 XVA4}
X5 ={COMP_STARTED,COMP_STOPPED}

25 ={start_comp,stop_comp}

(48)

The plant model is computed as the parallel composition of
its components according to (9):

P=H|| Bl B |Fy|P5. (49)

scl_XV1

o XV1ZS1_ C

Fig. 5. The automaton for XV1.
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We define the control model C p and we compute the system staiticomp
model for P according to (30). .
I(:Ilftzvinv:ve can summarize: following the classical method we —
e The plant model P having 2592 states; Fig. 9.The automaton for the compressor.
e The control model Cp having 20 states;
. Fp ={sol_xvl,scl_xvl,502_xvl,sc2_xvl}
e The system model S p having 38 880 states. Fy =fsol_xv2,scl_n2,502_xv2,5¢2_xv2}
F3 ={sol_xv3,scl_xv3,s02_xv3,s¢2_xv3} . (51)

We define the failure partition:
A p ={F 1) 3, Fy Fs ),

(50)

s02_XV2

0 XV2,Z82 0

502_XV3

0 XV3Z83_0

0_XV4,.Z84_C

Fig. 8. The automaton for XV4.

Fy ={sol_xv4,scl_xv4,s02_xv4,sc2_xv4}
Fg=o

We compute the diagnoser Dp with 38 385 states.

Using the method we have described in section I11.2, with the
following hypothesis:

e Both XV1 and XV2 will be either closed or opened
at the same time;
e Both XV3 and XV4 will be either closed or opened
at the same time;
e  The compressor is ideal, it does not have faults;
It is possible to group the components in 3 types of
components using AND function:

e The ventilation valves: XV1 and XV2;
e  The valves on the gas circuit: XV3 and XV4;
e  The compressor.

We define the following partition of I1:

=11, VTI, VT3, (52)
where:
[y={R.P} -type 1 -Fig. 11
[13 ={Ps} - type 3 - Fig. 13
For F; defined in (47).
We construct the group automata Gy,G,, Gy:
G =X 61261961061/
Gy =X G2 262962062/ (54)

G3 =(X53.2G39G3%0G3/

where:
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XG ={XV12_0XV12_CXV12_SO.XV12_SC,

XV12 _C:sol XV12,XV12 O:sc2 XV12}

2 ={Z512_C — Z512_0,Z812_0 — ZS12_C,
(c XV12,Z512 C),(c XV12,Z512_0),

(o XV12,Z8512 C),(0 XV12,Z512 C),

scl XV12,s¢2 XV12,s01 XV12,502 XV12}

X Gy ={XV34_0,XV34_CXV34_SO.XV34_SC,
XV34 C:sol XV34,XV34 O:sc2 XV34}

2 ={Z834_C — Z54_0,2534_0 — Z534_C,

(c_ XV34,2534 C),(c_XV34,Z534 0),

(0o_XV34,Z834 C),(o_XV34,Z534 C),

scl XV34,sc2 XV34,s0l XV34,502 XV34}

X g3 ={COMP_STARTED,COMP_STOPPED}

2 3 ={start_comp,stop_comp)

:: Edge :: .
:: detector OR function |

Fig. 10. Architecture of fy51, fyg) and f5

(55)

c_xv122812_C

Fig. 11. G, automaton.

and:

XV12_0=fyg (XV1_0.XV2_0)
XV12_C=fye (XV1_CXV2_C)
XV12_SO=fyq (XV1_SO.XV2_SO)
XV12_SC= [y (XV1_SCXV2_SC)
XV12_Cisol_XV12= fyy (XV1_Cisol_XV1,
XV2_C:sol XV?2)

XV12_0:5¢2 XV12= [y (XV1_O:sc2 XV,
XV2_O:s¢2_XV2)

(56)

Z812_C — Z812_0O=f5.1(ZS1_C — ZS1_0,
782 C— 752 0)

7812_0 - 7812_C=f5;1(ZS1_0 — Z51_C,
782 0 — 752 C)

(c_XV12,Z512_C)=f s((c_XV1,Z51_C),

(c XV2,752 C))

(c_XV12,Z812_0)~f s ((c_XV1,Z51_0),

(c XV2,752_0))

(0_XV12,Z812_C)~f 51 ((0_XV1,ZS1_C), (57)
(0 XV2,752_C))

(0_XV12,Z812_C)~f s.4({0_XV1,ZS1_C),

(0 XV2,752_C))
sel_XV12~fy(s¢]_XV1,scl_XV2)
sc2_XV12=f s (sc2_XV1,s¢2_XV?2)
sol_XV12~f sy (s0l_XV1,50l_XV2)
502_XV12=f y:;1(s02_XV1,502_XV2)

For fyy and [y we consider the following architecture
(Fig. 10):
Similar we define X 55 and 255 .

Fig. 12. G, automaton.

COMP_STARTED start_comp

start_comp

COMP_STOPPED) _} stop_comp

Fig. 13. G; automaton.

It is now possible to compute the group-based model of the
plant G as a parallel composition of group models according
to (23):

G =G|Gyl|G3. (58)

We construct the group-based controller model (Fig. 14) and
system model based on (27) and (31).

0_xv34,2S34_C



CONTROL ENGINEERING AND APPLIED INFORMATICS

75

In this case:

e The plant model has 72 states;

e The control model has 12 states;

e The system model has 648 states.
We group F; defined in (50):

We compute the diagnoser D; for the group-based system
model and the failure partition Af; having 861 states, unlike
the initial one with 38 385 states.

The diagnoser D; will act as a classical diagnoser but for

the group-based system model, meaning it will isolate the

Afp = FH1 v FH2 UFH3’ (59)  group of faults (F;; ). After isolating the group we use the
algorithm presented in Fig. 2 to find the component within
where: the group that has a fault.
FH =FUF, For example, if the fault sol xvl occurs, DG will isolate
1 . . .
FH _ F3 UFy. (60) FGl , meaning we have a fault either in XV1 or XV2. Next,
2 we compare the observable events that occurred (recorded by
FH3 =F. 5 the monitoring and control system of the plant) with the sets
of events 2| and 25. We will find that one of the latest
We define 4f; : ) )
observable event belongs to 27 meaning we have a failure at
Y =Fg1 Vg Y Fgs (61) XVI.
where: 5. CONCLUSIONS
Fgy =50l xv12,502 xv12,scl xv12,sc2 xv12} In this paper we have presented a new method based on
Fgo ={so0l_xv34,s02_xv34,scl_xv34,sc2_xv34} (62)  grouping components for detecting and isolating faults in
FG3 =@ industrial automated systems. The method is based on the
classical diagnoser approach, but it significantly reduces the
and: number of states in the plant model, the dimension of the set
of failure labels and consequently the number of states of the
sol_xv12=f; (sol_xvl,s0l_xv2) diagnoser. This is very important in large applications where
502_xV12=f (s02_xvl,s02_xv2) the computing and storage capacity should be high for the
scl_xv12=f (scl_xvl,scl_xv2) classical method.
sc2_xv12=f - (sc2_xvl,sc2_xv2) The applicability and efficiency of the method are process
sol 7xv3 4= (50l xV3,501 xvdh) (63) dependent, meaning that it depends on the structure and
. G - functioning of the automated process how much the number
$02_xv34=f(; (s02_xv3,502_xv4) of states is reduced and how effective the method can be.
scl_xv34=f; (scl_xv3,scl_xv4)
sc2_xv34=f (sc2_xv3,sc2_xv4)
s 5
H P o o S
g G2 : () AN

Fig. 14. The group-based controller model.
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