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Method and system for selecting relevant variables so as to discern a failure and

recording medium and program for this method

The present invention relates to a method and system for selecting relevant

variables so as to discern a failure and a recording medium and program for this method.

These methods are in particular used with procedures for diagnosing faults in

automated production installations.

Typically, an automated production installation, such as, for example, a refinery,
comprises thousands of sensors and actuators placed throughout this installation to
determine its state of functioning. These sensors may be as simple as detectors able to
carry out an acquisition of an "on or off" Boolean value. Likewise an actuator may have
only two states. These sensors and actuators are linked to a computing system for
commanding and controlling this installation. The computing system is equipped with
acquisition cards for capturing the physical quantities measured by the sensors and/or
control presets delivered by the actuators. In the computing system,l each value acquired is
contained in a computing variable corresponding to a sensor or to an actuator. Given the
number of Asensors and actuators, there exists a very large number of such variables in the
computing system. Conventionally, the computing system contains several thousand such

variables. -

The computing system is capable of commanding and/or controlling the installation
on the basis of the values of these variables, each of them being representative of the state

of functioning of the installation at the current instant.

Here, since each variable contains a measured or acquired value, the expression
"measurement of a variable" will designate the steps consisting in measuring with the aid
of a sensor a corresponding physical quantity or in acquiring a control preset and in storing

this measured or acquired value in the variable.

In this context, procedures for diagnosing faults use these variables to attempt to
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automatically identify a failure of the installation.

Generally, a failure may be identified by studying a limited number of relevant
variables chosen from among the set of variables of the computing system. It is therefore
possible to considerably accelerate the execution of a diagnostic procedure if the relevant

variables for discerning the failure have already been selected and identified.

To this end, methods of automatically selecting the relevant variables are known. In
these known methods, a value simulated for each variable is calculated with the aid of a
computer model of the installation. This simulated value corresponds to the value that one
expects to measure on the installation. Thereafter, the simulated value is coﬁpmed with the
measured value contained in the corresponding variable of the computer system. If the
deviation between the simulated value and the measured value exceeds a predetermined
threshold, then this variable is selected as being relevant for discerning a failure.
Specifically, such a deviation between the expected value and the measured value probably

results from the presence of a fault or of a failure in the installation.

By virtue of these selection methods, the number of variables to be studied to
discern a failure is reduced very signiﬁcantly; thereby accelerating the implementation of a

diagnostic procedure.

However, these known methods of selection are complicated, since they require the

calculation of values simulated with the aid of a model of the installation,

The invention aims to remedy this drawback by proposing a simpler method of

automatically selecting relevant variables for discerning a failure.

A subject of the invention is therefore such a method of selection comprising:

- for each pair of correlated variables that is formed of a main influential
variable and of a controlled variable, a step of measuring the variations of
the main influential variable and of the controlled variable with the aid of

sensors, the variations of the main influential variable and of the controlled
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variable being correlated by way of a causal relation,

- a step of verifying that the controlled variable varies in a proportion
explicable by the variation of the main influential variable by calculating a
correlation symptom whose value is dependent both on the measured
variations of the main influential variable and the controlled variable, then
by comparing the calculated value of this symptom with a predetermined
threshold, and

- a step of selecting the main influential variable and the controlled variable
in the guise of relevant variables, if the predetermined threshold is

overstepped.

In the above method, a pair of correlated variables, that is to say here, the main
influential variable and the controlled variable, is selected as being relevant if the
variations of the controlled variable cannot be explained by the variations of the main
influential variable. This verification is done by calculating a symptom whose value is
dependent on the measured variations of the main influential variable and the controlled
variable. This method therefore does not calculate a simulated value for one of the two
variables and does not compare the simulated value with the measured value so as to
deduce therefore whether this variable is relevant for discerning a failure. It is not therefore
necessary to have available a model of the installation making it possible to calculate the
simulated value of a variable. On the contrary, the above method utilizes the existing
causal relations between two correlated variables to select the relevant variables.
Specifically, when the variations of two correlated variables do not comply with the causal
relation which binds them, this probably manifests the presence of a failure. This pair of
variables is therefore relevant for diagnosing a fault. The utilization of the causal relations
between correlated variables is simpler to implement than the modelling of an installation

followed by the simulation of this model.

The modes of realization of this method of selection may comprise one or more of
the following characteristics:
- during the initialization of the method, a step of defining for each pair of

correlated variables an expected direction of variation of the controlled
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variable with respect to the direction of variation of the main influential
variable‘, and

a step of reducing the number of potentially relevant variables so as to
discern a failure while systematically eliminating all the pairs of correlated
variables wherein the direction of variation of the controlled variable with
respect to the direction of variation of the main influential variable
corresponds to the expected direction of variation defined during the
initialization of the method;

the correlation symptom calculated is proportional to the product of the
measured variations of the main influential variable and of the controlled
variable; — .
during the initialization of the method, a step of defining for each pair of
correlated variables a predetermined delay representing the time elapsed
between the instant at which the main influential variable varies and the
instant at which the controlled variable varies in response to this variation of
the main influential variable, and

the correlation symptom calculated is proportional to the product of the
measured variation of the controlled variable at the current instant and of the
measured variation of the main influential variable at the current instant
minus the predetermined delay defined for this pair during the initialization
of the method;

a step of calculating a confidence coefficient proportional to the mean of the
variations measured for one of the variables of the pair divided by the
standard deviation of the variations measured for this same variable, and the
correlation symptom calculated is also dependent on this calculated
confidence coefficient;

a step of calculating an influence ratio of the variations of the main
influential variable over the variations of the controlled variable as a
function of the measured variations of the main influential variable and of
the measured variations for one or more disturbing variables, each
disturbing variable being able to influence the variations of the controlled

variable, and the correlation symptom calculated is dependent on the
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influence ratio calculated;

during the initialization of the method, a step of defining a predetermined
gain between the variations of the main influential variable and the
variations of the controlled variable and a gain between the variations of
each disturbing variable and the variations of the controlled variable, and
the calculated influence ratio is also dependent on these predetermined
gains;

a step of measuring one and the same physical quantity of the installation
with the aid of a pair of two different sensors, the values measured by each
sensor being contained in respective variables of a pair of redundant
variables,

a step of verifying whether a deviation between the values measured by
each sensor remains inside predetermined limits by calculating a
redundancy symptom whose value is dependent on the deviation between
the values measured by each of the sensors of the pair, then by comparing
the value calculated for this symptom with a predetermined threshold, and

a step of selecting the pair of redundant variables in the guise of relevant
variables if the predetermined thresholc} is overstepped;

for at least one material storage receptacle, a step of measuring the amounts
of material entering and leaving the receptacle and a step of measuring the
amount of material stored inside the receptacle with the aid of sensors, each
measured amount being contained in a corresponding variable,

a step of verifying a material balance by calculating an instantaneous
material balance symptom whose value is dependent on the difference
between on the one hand the measured amounts of material entering and
leaving between a current instant and a previous instant and, on the other
hand, the difference between the measured amounts of material stored at the
current instant and at the previous instant, then by comparing the calculated
value of this instantaneous material balance symptom with a predetermined
threshold, a step of selecting the variables containing the meqsured amounts
of material in the guise of relevant variables if the predetermined threshold |

is overstepped,
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a step of verifying an aggregate material balance for this receptacle by
calculating an aggregate material balance symptom whose value is
dependent on the accumulation of the calculated values of the instantaneous
material balance symptom, during a period of time over which the direction
of Variétion of the amount of material stored does not change, then by
comparing the calculated value of the aggregate material balance symptom
with a predetermined threshold, and a step of selecting the variables
containing measured amounts of material in the guise of relevant variables if

the predetermined. threshold is overstepped.

The modes of realization of the method of selection furthermore exhibit the

following advantages:

the simple verification that the direction of variation of a correlated variable
with respect to another corresponds to the expected direction of variation
already by itself makes it possible to avoid selecting a large number of
variables which are not relevant for discerning a failure in the installation,
and to do so in a simple manner;

the use of a correlation symptom whose value is proportional to the product
of the measured variations makes it possible to obtain a value which does
not favour either of the two variables of a pair of correlated variables;

the use of the predetermined delay or of the confidence coefficient makes it
possible to avoid unnecessary selections of variables;

the use of the influence ratio avoids the unnecessary selection of a pair of
correlated variables, when the main influential Vériable plays a minor role
on the variations of the controlled variable;

the use of the redundancy which exists between two variables makes it
possible to select in a simple and reliable manner a pair of redundant
variables if necessary;

the use of a material balance also makes it possible to select in a simple and
effective manner relevant variables; and

the use of an aggregate material balance makes it possible to select relevant

variables when the failure is a slow drift in a material balance.
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A subject of the invention is also an information recording medium and a computer

program that are adapted for the implementation of the method of selection above.

A subject of the invention is also a system for automatically selecting relevant

variables for discerning a failure in an automated production installation, this system

comprising

for each pair of correlated variables that is formed of a main influential
variable and of a controlled variable, sensors able to measure the variations
of the main influential variable and of the controlled variable, the variations
of the main influential variable and of the controlled variable being
correlated by way of a causal relation,

a verification module able to verify whether the controlled variable varies in
a proportion explicable by the variation of the main influential variable by
calculating a correlation symptom whose value is dependent both on the
measured variations of the main influential variable and the controlled
variable, then by comparing the calculated value of this symptom with a
predetermined threshold, and

a module for selecting the main influential variable and the controlled
variable in the guise of relevant variable if the predetermined threshold is

overstepped.

The invention will be better understood on reading the description which follows,

given merely by way of example and offered while referring to the drawings in which:

Figure 1 is a diagrammatic illustration of the architecture of an automated
installation for producing a product;

Figure 2 is a diagrammatic illustration of the architecture of a system for
selectinghrelevant variables for discerning a failure in the installation of
Figure 1;

Figures 3A and 3B are each a part of a flowchart of a method of selecting
relevant variables for discerning a failure, implemented in the system of

Figure 2;
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- Figures 4A, 4B and 4C are graphs illustrating the functioning of the system
of Figure 2 in the case of a failure of a level sensor of the installation of
Figure 1;

- Figure 5 is a graph illustrating the functioning of the system of Figure 2 in
the case of a failure of a valve of the installation of Figure 1; and

- Figures 6A to 6C are graphs illustrating the functioning of the system of
Figure 2 in the case of a failure of a flow meter of the installation of

Figure 1.

Figure 1 represents a part of an automated installation 2 for producing a product.
Here, this automated installation is an oil refinery. The part illustrated in Figure 1 of the
refinery comprises a drum 6 forming a material receptacle equipped with two sensors 8 and
10 of the level inside this drum 6. The sensors 8 and 10 are not placed at the same location
on the drum 6 and do not, for example, call upon the same technologies to measure the
level inside the drum 6.

The drum 6 comprises a material inlet 12 and two material outlets 14 and 16.

The inlet 12 is coupled by way of a mixer 18 to a main source 20 of supply of

material and to two secondary sources 22 and 24 of supply of material.
More precisely, the material provided by the source 20 is sent into an air-cooled
exchanger 26 so as to be cooled. The cooled material in the air-cooled exchanger 26 is then

transmitted to the mixer 18.

The mixer 18 mixes the material exiting the air-cooled exchanger and that exiting

the secondary supplies 22 and 24.

The installation 2 is also equipped with flow meters 30, 32 and 34 for measuring

the incoming flow rate of material delivered respectively by the sources 20, 22 and 24.

The installation 2 is also equipped with a flow meter 36 for measuring the extracted



10

15

20

25

30

WO 2006/103405 PCT/GB2006/001104

amount of gas from the outlet 14 and sent to the air-cooled exchanger 26.

The outlet 16 is coupled to two pipelines 40 and 42, so as to be able send material
extracted from the inside of the drum 6 in two different directions. The pipeline 40 is
equipped with a flow meter 44 for measuring the flow rate of material travelling through

this pipeline.

The pipeline 42 is equipped with a valve 46 whose control is retrieved by a sensor
48.

No sensor able to directly measure the flow rate in the pipeline 42 is provided in

this installation 2.

Figure 2 represents a system for selecting relevant variables for discerning a failure
in the installation 2. This system comprises an electronic computer 60. This computer 60 is
equipped with acquisition cards 62, 64 and 68. This selection systerﬂ is preferably
integrated into a computer system for command and/or control of the installation 2 so that

the acquisition cards are common to these two systems.

The acquisition card 62 is coupled to the set of sensors of the installation 2. To
simplify Figure 2, only the coupling of the card 62 to the flow meters 30, 32 and 34 is

represented.

The card 64 makes it possible to acquire the control presets output by a control
desk 70 in response to the instructions of an operator of the installation 2. These control
presets are liléewise transmitted to regulators of the installation 2 which control, as a
function of these presets, actuators of the installation 2. To simplify Figure 2, only one
regulator 72 and one actuator 74 have been represented. These regulators may be flow rate
or pressure regulators and the actuators may be valve actuators or the like such as speed

variators for air-cooled exchangers.

The card 68 is intended to acquire the commands transmitted from the regulators to
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the regulated actuators.

These acquisition cards 62, 64 and 68 record the physical quantities acquired, that
is to say the levels, flow rates, temperatures or the like measured by sensors, the control
5 presets and the commands in respective variables, so that this information may be

manipulated by the computer 60. Each of these variables has a name.

The table below indicates, in the particular case of the installation 2, the name of
the variables in which the values measured by the sensors 8, 10, 30, 32, 34, 36, 44 and 48

10  are stored.

Numerical reference of the sensor Name of the corresponding variable

8 : KLCA0203

10 KLCA0283

30 KFCL0201

32 KFIL0214

34 KFC0237

36 KFCL0202

44 KFC0289 .

48 KLV0203

The computer 60 is equipped with a module 80 for validating the signals measured
by: the sensors and with a module 82 for calculating virtual measurements on the basis of

15  the values measured by the sensors.

The validated signals, the virtual measurements calculated, the control presets

acquired by the cards 64 and the commands acquired by the card 68 are transmitted to a
module 84 for automatically selecting relevant variables for discerning a failure. This

20  module 84 is coupled to a memory 86 in which are recorded definitions of symptoms. For

this purpose, the module 84 comprises a submodule 90 for defining symptoms.

The module 84 also comprises a submodule 92 for measuring variations of the
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variables and for confidence coefficient calculation and calculation of influence ratio
between these variables. On the basis of the data established by the submodule 92, a
verification submodule 94 is able to verify the mutual consistency of the diverse variables
measured. Finally, as a function of the result of the verification carried out by the
submodule 94, a selection submodule 96 selects or otherwise a variable as being relevant

for discerning a failure.

The computer 60 also comprises a man/machine interface 100 on which may be
displayed the relevant variables selected by the module 84 and a module 102 for
automatically diagnosing a fault in the installation 2 on the basis of the relevant variable
selected by the module 84.

Typically, the modules 80, 82, 84 and 102 are software modules.

The computer 60 is, here, embodied on the basis of a conventional programmable
computer able to execute instructions recorded on an information recording medium. For
this purpose, the memory 86 comprises instructions for the execution of the method of

Figures 3A and 3B, when these instructions are executed by the computer 60. These

' instructions comprise in particular the instructions cofresponding to the modules 80, 82, 84

and 102 and form a computer program.

The functioning of the selection system of Figure 2 will now be described in regard

to the method of Figure 3A and 3B, in the particular case of the installation 2.

Before even beginning to initialize the selection method, a step 120 of archiving the
values of the variables acquired over long periods where the installation 2 functions
without faiiure, is executed. Typically, during step 120, the variables measured with the aid

of sensors are archived with a sampling period of one minute for example.

Once these archives have been constructed, a phase 122 of initializing the selection
method begins. The phase 122 is carried out by a manager of the application. This phase

122 is aimed at initializing the set of parameters which will make it possible, during a
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subsequent phase 124, to automatically select the relevant variables for discerning a

failure.

During phase 122, a step 130 of defining the virtual measurements is carried out. A
virtual measurement is a calculation of the value of a measurable physical quantity at a
given point of the installation 2, on the basis of the measurements carried out by other
sensors. This makes it possible in particular to cope with the absence of certain sensors in
the installation 2. Here, by way of example, the relation making it possible to calculate the
flow rate of material inside the pipeline 42 is defined. The flow rate inside the pipeline 42
is, for example, calculated on the basis of the flow rates measured by the flow meters 30,
32, 34 and 44 and of the position of the valve 46. This calculated flow rate is stored in a
variable named KYFV0203. This variable KYFV0203 is used subsequently as a variable

storing the value of a physical quantity measured directly by a sensor.

During a step 132, rédundancy symptoms are defined. During this step 132, pairs of
redundant variables are selected, during an operation 134. Here, redundant variables is
understood to mean variables each containing the value measured for one and the same
physical quantity of the installation 2 by different sensors. These variables are therefore
interchangeable. There exists a bijective relation between the values of these two variables

involving constants only.

For example, here, the variables KLCA0203 and KLCA0283 are redundant and are

therefore selected during the operation 134.

When these redundant variables are measurements of level, inside a drum or a
receptacle, the data making it possible to convert the measured height into a mass of
material stored in the drum or the receptacle are recorded during an operation 136. For
example, the data recorded for the levels measured by the sensors 8 and 10 are here:

- a chart of the drum 6 giving the volume as a function of height; and
- the density of the product stored in the drum 6.

The conversion of the heights into a unit of mass makes it possible to compare
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these heights even if the level sensors are placed at various heights inside the drum 6.

Thereafter, during an operation 138, a mean deviation Eg_er between the values
measured for the two redundant variables of the selected pair is calculated during an
operation 138. This mean deviation Eg. is, for example, calculated on the basis of the

data archived during step 120.

A top limit HL and a bottom limit LL for the redundancy symptom are then
calculated during an operation 140. For this purpose, a period of archived data where the
variations of the level are significant in the drum 6 and where the sensors 6 and 8 have
functioned correctly is selected. A next value Red is then calculated at various instants of

this period to determine its maximum value Redy,y over this selected period:

Red = (1)

jud
(Z(PVI.-; - pvzc—i)XKi) — Er-Ref]
i=0

where
- Red is the value Red calculated;
- 1is a parameterizable index varying from 0 to 4, for example;
- pvliiis the value of the first redundant variable at the instant t-i;
- pv2:; is the value of the second redundant variable at the instant t-i;
- t is the current instant;
- K is a weighting coefficient; and

- ERr-ref is the mean deviation calculated during the operation 138.
All the coefficients K; are, for example, chosen to be equal.

Thereafter, once the value Redmax has been determined over the selected period, the
values of the limits HL and LL are determined with the aid, for example, of two following
relations:

(Redpax —LL)Y/(HL —LL) = 0.1 2)
HL=25x LL 3)
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where:
- "x" is the multiplication function;
- HL is the value of the limit HL; and
- LL is the value of the limit LL.

The ratio "25" between the values of the limits HL and LL is merely illustrative and

depends on the application envisaged. This ratio is not necessarily the same for all the

symptoms.

.Finally, a threshold SLg for selecting redundancy symptoms is fixed during an

operation 142. For example, here, the threshold SLy is equal to 0.5.

By way of numerical example, the reference deviation Er.rer for the variables
KLCA0203 and KLC0283 is equal to -0.38 and the limits HL and LL are respectively
equal to 0.66 and 0.026.

During a step 150, instantaneous and aggregate material balance symptoms are
defined for each measurement of level in a drum or a receptacle. These material balances
makes it possible to verify the consistency between the measured amounts of material
entering and leaving and the measured variation of the amount of material stored in a drum

or a receptacle.

For this purpose, during an operation 152, the variables containing the measured
amounts of material entering and leaving a receptacle are selected. During this operation
152, the variable containing the measurement of the amount of material stored in this

receptacle is also selected.

For example, the variables KFCL0201, KFIL0214 and KFC0237 are selected as
containing the measured amounts of material entering the assembly formed by the drum 6,
the air-cooled exchanger 26 and the mixer 18. The variable KFC0289 and the calculated
variable KYFV0203 are selected as containing the amounts of material leaving this

assembly. Finally, for a first material balance, the variable KLCA0203 is selected as
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containing the amount of material stored in the drum 6. A second material balance
different from the first material balance is defined by simply replacing the variable
KLCA0203 with the variable KLCA0283.

5 If it has not already been done, during an operation 154, the data making it possible

to convert a height measurement into a mass of material stored in the drum are recorded.

During an operation 156, a mean reference deviation Epm.rer is calculated. This is,

for example, carried out by taking the mean of the deviations noted in several

10 instantaneous material balances established on the basis of measurements archived during
step 120. The formula making it possible to calculate the instantaneous material balance at

a given instant t is as follows: .

, . 4
MBinst(t) = 3 Fin(r) - Y Fout(t) + 3 (Mi(t) - Mi(t - 1) (4)
Fin Fout L
where:
15 - MBinst(t) is the value of the instantaneous material balance at the instant t;

- ZFin(t) is the aggregate of the measured amounts of material entering
Fin

between the instant t and the instant t-1;

- ZFout(t) is the aggregate of the measured amounts of material leaving
Fout

between the instant t and the instant t-1; \

20 - Mi(t) is the amount of material stored inside the drum at the-instant t;
- Mi(t-1) is the amount of material stored inside the drum as measured at the
instant t-1; and

- t is the current sampling instant and t-1 the previous instant.

25 The mean deviation Epmrer 18 calculated by taking the mean at several instants of

the instantaneous material balance MBinst(t).

During an operation 158, the limits HL, and LL for .an instantaneous material

balance symptom are determined. For example, for a period of archived data where no
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failure is present, the maximum deviation Epmr.max between the value of the instantaneous
material balance MBinst(t) is the deviation Epp.rer is charted. Thereafter, the limits HL and
LL are calculated with the aid, for example, of the following relations:
(EpMrmax—LL) / (HL —LL)=0.1 (5)
HL =25 xLL (6)

By way of numerical example, for the material balance involving the vatiable
KLCA0203, the deviation Epm.ret is equal to 10.76 and the limits HL and LL are
respectively equal to 830 and 33. For the instantaneous material balance involving the
variable KLCA0283, the deviation Eppm.ret is equal to 10.75 and the limits HL and LL are
respectively equal to 830 and 33.

To define a aggregate material balance symptom on the basis of the instantaneous
material balance, a maximum number of cycles before reinitialization is fixed, during an
operation 160. The aggregate material balance corresponds to the sum of the instantaneous
material balances successively calculated at the maximum over the number of cycles
defined, during the operation 160. The number of cycles corresponds to the maximum
number of sampling periods and to the maximum number of instantaneous material
balances to be added up. The accumulation of the instantaneous material balances is
interrupted before the maximum number of cycles is reached if the direction of variation of
the level measurement changes, with a certain tolerance so as to avoid straightforward
noise in the measurement of level interrupting the accumulation. For example, the number
of cycles before reinitialization is fixed at 232 and at 200 for the aggregate material

balances involving the variables KLCA0203 and KLCA0283 respectively.

During an operation 162, limits HL and LL for the aggregate material balance
symptom are calculated in a manner similar to what was described in regard to the

operation 158.

By way of example, limits HL. and LL for the aggregate material balance involving
the variable KLCA0203 are respectively equal to 9500 and 380. These limits HL and LL

are equal to 14 000 and to 550 for the aggregate material balance involving the variable
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KLCAO0283.

Finally, a selection threshold SLpyy for the instantaneous material balance and a
selection threshold SLpmc for the aggregate material balance are fixed during an operation

164. For example, these thresholds SLgyg and SLpmc are both chosen equal to 0.3.

During a step 170, correlation symptoms for pairs of correlated variables are
defined. In each pair of correlated variables, a variable MV is called the main influential
variable and the other variable CV is called the controlled variable. The variable MV is

that which normally most influences the variations of the variable CV.

For this purpose, during an operation 172, the variables MV and CV of a pair of
correlated variables are selected and so-called disturbing variables DV are also selected.

The disturbing variables are variables liable to influence the variations of the variable CV.

Each row of the table below indicates the name of the correlated variables as well
as the name of the corresponding disturbing variables for the part of the installation 2 of -

Figure 1.

MV CvV DV

KLV0203 | KYFV0203 | None

KLV0203 | KLCA0203 | KFCL0201; KFCL0202; KPV0210; KFC0289

KYFV0203 | KLCA0203 | KFCL0201; KFCL0202; KPV0210; KFC0289

KLV0203 |KLCA0283 |KFCL0201; KFCL0202; KPV0210; KFC0289

KYFV0203 | KLCA0283 | KFCL0201; KFCL0202; KPV0210; KFC0289

For example, the interpretation of the second row of this table is as follows. A
modification of the position of the valve 46 (variable KILV0203) gives rise to a
corresponding modification of the level (variable KLCA0203) inside the drum 6. However,
this causal relation between a modification of the position of the valve 46 and the
modification of the level inside the drum 6 may be disturbed by the entry of material
originéting from the primary source 30 (variable KFCL0201) or originating from the
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secondary sources 32 and 34 (variables KFCL0202 and KPV0210). This causal relation
may also be disturbed by a modification of the flow rate (variable KFC0289) inside the
pipeline 40.

Thereafter, for each pair of correlated variables, a expected direction of variation
Saq of the variable CV with respect to the direction of variation of the variable MV is
defined during an operation 174. Here, the direction Sy takes only either the value +1, or
the value -1. When the direction Suyq is equal to +1 this signifies that the variables MV and
CV vary in the same direction, whereas when the direction Suq is equal to -1, this signifies
that the variables MV and CV vary in opposite directions. The value of the direction Syq is
defined, either on the basis of observations of the data archived during step 120, or by
observing the causal relation which in the installation 2 links these two correlated

variables.

For example, an increase in the opening of the valve 46 gives rise to an increase in
the variable KLV0203 and to an acceleration in the reduction of the level in the drum 6.
The expected direction of variation Suq between the variations of the variable KLV0203
and of the acceleration of the variable KLCA0203 is then defined as being equal to -1. It
will be noted that in the particular case of the variables containing level measurements, it is
the variations of the variations or acceleration of level which are taken into account, as will
be explained in greater detail hereinbelow. This remark applies also to the parameters

relating to the level measurements defined during subsequent operations.

During an operation 176, the delay </, between a variation of the variable MV

and the resulting variation of the variable CV is recorded. Typically, this delay is measured

on the basis of the observation of the data archived during step 120 over a period of

functioning with no failure. The delays 8¢, between variations of the disturbing variables

DV and the resulting variation of the variable CV are likewise recorded during this

operation 176.

During an operation 178, a gain G<, between the variations of the variable MV
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and the resulting variations of the variable CV is recorded. Likewise, during an operation
178, for each disturbing variable DV, a gain G, between the variation of this variable

DV and the resulting variation in the variable CV is recorded.

The table below gives, by way of illustration for each pair of correlated variables

defined, the value of the various parameters input during operations 174 to 178:

Correlated | KLLV0203- | KYFV0203- | KLV0203- | KYFV0203- | KLLV0203-
Variable | KI,CA0203 | KLCA0203 | KLCA0283 | KLCA0283 | KYFV0203
airs

Parameters

Satd -1 -1 -1 -1 1

HL . 3.5E-03 3.4E-01 7.0E-03 6.7E-01 1.0E+00

LL 1.4E-04 1.3E-02 2.8E-04 2.7E-02 0.0E+00

Gfgz 1.1E+02 1.0E+00 1.1E+02 1.0E+00 1.0E+00

5 0 0 0 0 0

G 1.0E+00 1.0E+00 1.0E+00 1.0E+00 None
KFCL0201

s¢r 0 0 0 0 None
KFCL0201

[eXd 1.0E+00 1.0E+00 1.0E+00 1.0E+00 None
KFCL0202

§¢” 0 0 0 0 None
KFCL0202

G -3.2E+01 -3.2E+01 -3.2E+01 -3.2E+01 None
KPV 0210

5C7 0 0 0 0 None
KPV 0210

G 1.0E+00 1.0E+00 1.0E+00 1.0E+00 None
KFC0289

§<¥ 0 0 0 0 None
KPC0289

Thf:reafter, limits HL and LL of correlation symptoms are determined during an
operation 180 on the basis of the values of the variables archived, during step 120, over a

period with no failure.

During a suboperation 182, the variables MV, CV and DV are filtered, so as to
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obtain the corresponding filtered variables MVigy(t), CVsi(t) and DVygy(t) with the aid of

the following relations:

MVse(t) = (MV(E)%@ + MVenc(t-1) x (1-@) ) (8)
CVer(t) = (CV(E)X@ + CVenelt-1) x (l-a@) ) (9)
DVenie (£) = (CV(L)xa + DVgaelt-1l) x (1l-@) ) {10)

where o is a constant equal, for example, to 0.2.

Thereafter, during a suboperation 184, the variations

dMV (t), dCV (t) and dDV (t) respectively for the variables MVﬁlt(t), CVa(t) and

10  DVgy(t) are calculated with the aid of the following relation:

zn:ji (Frt »1:)—‘ Fas(t~i - j))

j

aFt) = B (11)
3(50) -
=t i=0
where:
15 - dF (t) is the calculated variation of a variable F, the symbol F here being

used in place of one of the symbols MV, CV and DV previously defined:
Frn(t-i) is the filtered value of the variable F at the instant t-i;

iis an index varying from 0 to n-j;

j is an index varying from 1 to n; and
20 - n is a constant defining the number of values taken into account for the

calculation of the variation of the variable F.

n is, here, fixed equal to 5.
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For the variable L containing a level measurement, the double variation ddL (t) is

used instead of the variation dL (t). The double variation ddL(t) is calculated with the aid

of the following relation, during the operation 184:

ddL(t) = dL(t) - dL{t 1) (12)

This remark applies to everything that follows.

Next, during a suboperation 186, the standard deviation in the variations of the
filtered values of the variables MV, CV and DV is calculated with the aid of the following

relation:

2 !

zn:"z”fi((f"m‘(t"i)“?m‘(tmimj))"%)
o{dR(t))= [ » j"”'
‘ Z(i@}

=)\ i=D 7

(13)

During a suboperation 188, for each of the variables MV, CV and DV a confidence

coefficient Cyr(t) is calculated according to the following relation:

dF(t)
Cargy = =gt i OLAF{t , else Cary =0
) G(dF(t)) 0‘( { )) non zero, else Cary {14)

This confidence coefficient indicates the confidence that may be had in the fact that
the variation calculated during suboperation 184 is representative of the actual progression

of the installation.

During a suboperation 190, the product p(;i MV(I)):(&CV“)) of the variations of
the variables MV and CV is calculated with the aid of the following relation:

P(Emv(t})i?i?:v(t>) = dMV{(-S5 YXdCV() | {15)
? MY
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During a suboperation 192, for each pair of correlated variables, the weighted

direction of variations Spenq is calculated with the aid of the following relation:

Spond ({VV(D), GCV(D) =P (AMV(D) , dCV(D) x Min(Abs(Caave), Abs(Cicvo)  (16)

where:
- Camv( and Cgcvy are the confidence coefficients for the variation of the
variables MV and CV respectively calculated during suboperation 188;
- Abs(..) is the absolute value function;
- Min(..) is the function which returns the minimum value among several

possible values.

During a suboperation 194, the influence I { dAMV{t}}, dCV(t) ) of the variations
of the variable MV on the variations of the variable CV is calculated with the aid of the

following relation:

v ie). acv(t)) = Abslg‘;xcimv(t—éi;)j (17)

Likewise, during this suboperation 194, the influence I {dMV{(t}}, dCV(1)}) of
each disturbing variable DV on the variations of the variable CV is calculated with the aid

of the following relation:

t{@vie) avit) = abslgxaovle-57) | (18)

The various influences calculated during suboperation 194 are used, during a
suboperation 196, to calculate an influence ratio making it possible to measure the share of

the variations of the variable CV which may be explained by the variations of the variable

MV. This influence ratio R{ {i&%‘{{g} : {i{}‘é{i}? is calculated according-to the

following relation:

RV, VD)= GMV(D,dCV (D) (19)

@V, dovm)+ 3 1BV, V)

(]
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The influence ratio is used during a suboperation 198, to calculate an attenuated

direction of variations S, according to the following relations:

5F Syt VD), ACVD) % S VIV (D), dCV(D)) > 0-then SuldMV(D), ACV(D)=0 (20)

else
5
Su{IVV(D), GOV )= AbsfSrend VIV, 3CV (D)) x [REV(D, ICV(O) (21)
where:
- o is a constant chosen equal to 10 by default,
10 - S“”“(dMV(t))' (dCV(t) )is the expected direction of variation defined for this

pair of correlated variables, during operation 174.

During a suboperation 200, the maximum value Sugmax Of the direction Sa,
calculated over the selected archived period, is charted. The maximum value Rpyqax of the

15  influence ratio is also charted during suboperation 200.

Thereafter, during a suboperation 202, the limits HL and LL of the correlation
symptom are calculated with the aid of the following relations:

HL =25xLL 22)

-~

Sur - mee IIV(D), 3CVD) }
L= , .
20 [25-1)x 0]+ [R wel@V (D), aCVEO)]

{(23)

where:

- S att-max S*‘*’(dw(g)l (dCV(t)) is the maximum value of the direction S,
charted during suboperation 200; and

25 - Rumax (dMV({))., {\dCV{t)) is the maximum value of the influence ratio
likewise charted during suboperation 200.
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Once the limits HL and LL have been determined for each pair of correlated
variables, a selection threshold SLyux is recorded during an operation 206. Here, this

threshold SLyik is chosen equal to 0.8 for all the pairs of correlated variables.

The initialization phase is then complete and the phase 124 can then be executed by

the computer 60 at the same time as the installation 2 is functioning.

During the functioning of the installation 2, the physical quantities representing a
state of funétioning of this installation are measured, during a step 220, by the various
sensors placed in this instaliation. The measured values are acquired, during a step 222, by
the acquisition card 62 and stored in the corresponding variables. During step 222, if it is
necessary, the control presets and the commands are likewise acquired and recorded in

corresponding variables.

The values acquired by the card 62 are then subjected to a validation process,
during a step 224. During step 224, various tests are carried out on the measured values, so
as to determine those which emanate from a failed sensor. For example, the following
points are verified by the module 80:

- Is the measured value not outside the scale of the sensor?

- Is the measured value not outside the limits of functioning of the installation
2?7

- Do the measured successive values for a sensor not correspond to a flat
signal?

- Are the values measured by a sensor not representative of a slow drift of
this sensor?

- Does the rate of variation of the successive measured values not exceed a

predetermined limit?

If the response to one of these verification points is yes, then the measured value is
invalid, and the latter is not used for the remainder of the method. Henceforth none of the

symptoms using the variable containing the invalid measured value is calculated.
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Thereafter, during a step 226, the virtual measurements, such as, for example, the

variable KYFV0203, are calculated on the basis of the validated measured values.

Then, the consistency of the measured values is verified with the aid of the
redundancy symptoms, the instantaneous and aggregate material balance symptoms and
the correlation symptoms defined during phase 122. In fact, the module 80 verifies the
consistency of the values measured with the aid of redundancy, material balance and

correlation symptoms respectively during steps 230, 232 and 234.

During step 230, a redundancy symptom Syr(t) is calculated for each pair of

redundant variables, during an operation 240.

More precisely, during a suboperation 242, the redundancy Red is calculated with
the aid of relation (1). Then, during a suboperation 244, the value of the symptom Sygr(t) is
calculated with the aid of the following algorithm:

if Red > HL, then Syg(t) = I;
else {if Red <LL, then Syx(t) = 0;
else Syr(t) = (Red-LL)/(HL-LL)}

where: HL and LL are the values of the limits determined during suboperation 140

for this pair of redundant variables.

The calculated value of the symptom Syg(t) is compared, during an operation 246,
with a selection threshold SLg. If the value of the symptom Sygr(t) is greater than the
threshold SLg, then the variables of this pair of redundant variables are selected, during an
operation 248, as being relevant for discerning a failure in the installation. Specifically, in
this case, a significant deviation exists between the values of these redﬁndant variables,
this signifying that one of the corresponding sensors has perhaps failed and that these

variables and the information that they represent are of interest to the diagnostic procedure.
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In the converse case, that is to say if the value of the symptom Syr(t) is less than
the threshold SLg, then no variable is selected as being relevant. The operations 240 to 246

are reiterated for each pair of redundant variables.

Step 232 commences with the calculation of the value of a symptom Sygmi(t) of an
instantaneous material balance. To do this, the instantaneous material balance MBinst(t) is
calculated with the aid of relation (4). Thereafter, the value of the symptom Sypmr is

calculated with the aid of the following relations:
if (MBinst(t) — Esv - rer)> HL then Sysm(t) =1
else { if (I\dBinsi(i} ~Env-ret) SLL then Sy =0 ;
else  Syswi(t) = (MBinst(t) — Eam - res ~ LLY(HL - LL) }

where: _
- HL and LL are the limits determined for this instantaneous material balance
during the operation 158;
- Epm-rer 1S the reference deviation calculated during the operation 156 for

this instantaneous material balance.

Thereafter, during an operation 252, the calculated value of the symptom Sygmi(t)
is compared with the fixed sel;action threshold SLpmi, during operation 164. If the
calculated value of the symptom Sypmi(t) is greater than the threshold SLpyi, then the
variables involved in the calculation of this instantaneous material balance ére selected,
during an operation 254, as being relevant for discerning a failure. Specifically, the
material balance carried out around a drum is not complied with, this signifying that one of

the sensors measuring an amount of material has probably failed.

In the converse case, that is to say if during operation 252, the calculated value of

the symptom Sygw is less than the threshold SLpw, then no variable is selected.

Thereafter, an aggregate material balance symptom Sypmc(t) is calculated, during

an operation 260. To do this, the accumulated material balance BMaccum(t) is firstly
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calculated by accumulating the instantaneous material balances BMinst(t) during a number
of cycles fixed during the suboperation 160 for this instantaneous material balance. The

aggregate material balance is, for example, calculated with the aid of the following

relation:
BMaccum(t) = > (BMinst(t) ~ Esm - rer) (26)
5 -0 :
where:
- n is the number of cycles.
10 Thereafter, during the operation 260, the value of the symptom Sygmc(t) is

calculated with the aid of the following relation:

if BMaccum(t) = HL then Sysmc(t) =1
else { if BMaccum(t) <LL then Sysmc(t}=0 ;
else  Sysmc(t) = (BMaccum(t) ~ LLY(HL -1L) } (27)
15 where:

- HL and LL are the limits determined, during the operation 162, for this

aggregate material balance.

Once the value of the symptom Sysmc(t) has been calculated, the latter is
20  compared, during an operation 262, with the value of the threshold SLpmc, fixed during the
operation 164. If the value of the symptom Sypmc(t) is greater than the threshold SLgwc,
then the variables involved in the calculation of this aggregate material balance are
selected during a step 264 in the guise of relevant variables for discerning a failure. In the
converse case, no variable is selected.
25
If the value of the symptom Sypmc(t) is greater than SLgwmc, this signifies that at

least one of the sensors used to measure the amounts of material has probably failed.
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The operations 250 to 262 are reiterated for each material balance defined, during

step 150.

During step 234, a correlation symptom Symix(t) is calculated for each pair of
correlated variables defined during step 170. This calculation is carried out during an

operation 270.

More precisely, during the operation 270, the values of the variables MV, CV and
DV are filtered with the aid of relations (8), (9) and (10), during a suboperation 272. On

the basis 4of these filtered values, the variations dMV (t) dCV (t) and dDV (t) are
calculated during a suboperation 274, with the aid of relation (11). For the variables

containing a level measurement, the double variation ddL (t) is calculated with the aid of

relation (12). This double variation is thereafter used instead of the variation dL (t).

Thereafter, the standard deviation in the variations of the variables MV, CV and

DV is also calculated, during a suboperation 276, with the aid of relation (13).

The confidence coefficients Cavvi, Cacvey and Capvg in the variations of the
variables MV, CV and DV are calculated, during a suboperation 278, with the aid of
relation (14).

Then, the products of the variations dMV (t) and dCV (t) are calculated, during a

suboperation 280, with the aid of relation (15).

Afterwards, during a suboperation 282, the weighted direction of variation Syong

(dMV (t),dCV (t))is c{alculated with the aid of relation (16).

i

“Next, the influence I(dMV (t), dCV (t)) and, if there exist disturbing variables

DV, the influences I(dDV (t), dCV (t)) are calculated with the aid of relations (17) and

(18), during a suboperation 284. The calculated influences are thereafter used, during a
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suboperation 286 to calculate the influence ratio R(dMV (t), dCV (t)) with the aid of
relation (19).

The attenuated direction of variation Sy is then calculated for each pair of

correlated variables, with the aid of relations (20) and (21), during a suboperation 288.

Finally, the value of the symptom Symix(t) is calculated with the aid of the

following relation, during a suboperation 290:

£ Spona( T, TV ) X Saa@VeH.3cveD) > O then SY,u (t)=0 (28)

(AbS[San (Eﬁv“‘&'i. E“CV(B)] had LL)
(HL _ LL) (29)

else SYmik (t) =

where:
- HL and LL are the limits determined during suboperation 202 for this pair

of correlated variables;

- Satd (dMV(t), dCV(t)) is the expected direction of variation, defined during

operation 174 for this pair of correlated variables.

Thereafter, during an operation 292, the calculated value of the symptom Sywmix(t)
is compared with the threshold SLyrk. If the value of the symptom Sywmik(t) is greater than
the threshold SLynk, then the correlated variables of the pair are selected in the guise of
relevant variables for discerning a failure of the installation, during an operation 294. In the
converse case, neither of the variables of the pair is selected in the guise of relevant

variable.

If the symptom Symrx(t) is greater than the threshold SLyyx this signifies that the
variations of the variables MV and CV do not comply with the causal relation which binds

them, that is to say, stated otherwise, that the variations measured for the variable MV do
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not make it possible to explain the variations measured for the variable CV. This therefore

manifests the presence of a failure in the installation 2.
The operations 270 to 292 are reiterated for each pair of correlated variables.

Phase 124 is reiterated at each current instant so as to be able to select in real time

the relevant variables.

On completion of the selection phase 124, the relevant variables selected are
transmitted to the man/machine interface 100 to display the name and the content of these
variables, during a step 300. If the number of variables selected is small, an operator by
examining these variables can himself determine what is the cause of the failure and it is

not necessary to execute an automatic diagnostic procedure.

The variables selected are also transmitted to the fault diagnosis module 102. This
module automatically determines, solely on the basis of the relevant variables selected,

what is the fault or the failure, during a step 302.

Figures 4A to 4C illustrate the functioning of the method of Figures 3A and 3B in
the case of a failure of the level sensor 8 giving rise to a constant drift of the measured

value, whereas the level does not move.

In the graph of Figure 4A, a curve 320 represents the value of the level measured

by the sensor 10 which is functioning normally. This level is stable and does not move.

A curve 322 represents the value of the level as measured by the sensor 8. This
value increases steadily over time, so that after two hours a deviation of 12% exists

between the actual value of the level and the value measured by the sensor 8.

Finally, in Figure 4A, a curve 324 represents the value of the redundancy symptom
calculated for the pair of variables KLLCA0283 and KLCA0203. As represented, the value
of this symptom Sygr(t) very rapidly reaches the value 1 thereby bringing about the
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selection of the variables KLCA0203 and KLLCA0283, as being relevant for discerning

this failure. The ordinate axis on the left of the graph represents the value of the symptom
Syr()-

Figure 4B represents by way of example the progression of the value of one of the
correlation symptoms during the course of the same period of time. As illustrated, this
symptom, like the other correlation symptoms defined here, is of no use for selecting the
relevant variables, in the particular case of this type of fault. Specifically, a continuous and

constant drift of a sensor is not manifested as a change of the value of the double variation

ddL (t) (acceleration of the level), so that this failure remains undetectable with the aid of

correlation symptoms.

In the graph of Figure 4C, the curves 340 and 342 represent the progression over
time, respectively of the symptoms Sypmi(t) and Sysmc(t) for the material balances
involving the variable KLCA0203. As illustrated in this graph, the failure remains
indiscernible with the aid of the symptom Sygmi(t). On the other hand, the value of the
symptom Sypmc(t) exceeds, after a certain time, the threshold SLpwmc, thereby resulting in
the selection of the variables involved in the calculation of this aggregate material balance

in the guise of relevant variables.

The gréph of Figure 5 comprises a curve 350 representing the progression over
time of the correlation symptom correlating the variables KYFV0203 and KL V0203, in the
particular case where the measured value of the position of the valve 46 increases steadily
over time without this corresponding to an actual displacement of the valve. As illustrated
in the graph of Figure 5, the value of the symptom Sywmix(t) for the pair of correlated
variables KYFV0203 and KLV0203 exceeds at a given moment the threshold SLwux,
thereby giving rise to the selection of these variables in the guise of relevant variables for
discerning a failure. Specifically, in the case of such a failure, the measured variations of
the position of the valve are no longer correlated with the flow rate measured in the
pipeline 42. Tt will also be noted that none of the other correlation symptoms defined here

reacts to this failure of the sensor 48.
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The graph of Figure 6A represents a particular case of failure of the installation 2
which gives rise to a sawtooth progression of the calculated variable KYFV0203 as

illustrated by the curve 356.

The graph of Figure 6 also comprises curves 358 and 360 respectively representing
the progression over time of the value of the variables KLCA0203 and K1.V0203.

Such a failure of the installation has no impact on the redundancy symptoms. On
the other hand, as illustrated by a curve 370, in the graph of Figure 6B, the value of the
correlation symptom correlating the variables KYFV0203 and KLV0203 several times
exceeds the value of the threshold SLyyk, thereby leading to the selection of these two
variables as being relevant for discerning a failure. Specifically, the sawtooth variations of
the flow rate in the pipeline 42 do not correspond, here, to a corresponding variation of the
position of the valve 46. It is therefore probable that these sawtooth variations result from a

failure of the installation 2.

The value of the other symptoms is only slightly affected by this failure of the

installation 2.

This failure also has repercussions on the material balances and in particular on the
instantaneous and aggregate material balances involving the variable KLCA0203. The
graph of Figure 6C comprises curves 372 and 374 representing the progression over time
respectively of the symptoms Sysmi(t) and Sysmc(t) calculated for the material balances
involving the variable KLCA0203. As illustrated in the graph of Figure 6, on several
occasions these two symptoms exceed the selection thresholds SLgyy and SLpymc, so that
the variables involved in the calculation of these symptoms are selected in the guise of

relevant variables.

Numerous other modes of implementation of the system of Figure 2 and of the
method of Figures 3A and 3B are possible. For example, as a variant, when the influence
ratio calculated indicates that the main influential variable MV is not the only one to

influence the variations of the controlled variable CV, the correlation symptom is not used.
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This makes it possible to simplify the calculations and therefore accelerates the execution
of the method. Thus in this variant, only the correlation symptoms involving no disturbing

variable are taken into account.

Instantaneous and aggregate material balances have been described here, in the
particular case of a part of an installation comprising a single drum. However, the principle
described for calculating an instantaneous material balance and an aggregate material
balance may also be applied to a group of several drums or receptacles. Likewise, a
material balance may not only be calculated for a drum but for all sorts of vessels or

reactors, that is to say for any item of equipment forming a material storage receptacle.

Here, only the variables measured by sensors have been used to define redundancy,
material balance and correlation symptoms. As a variant, the variables containing control

presets or containing commands may also be used to define such symptoms.
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1.  Method of automatically selecting relevant variables for discerning a failure in an

automated installation for producing a product, each of the variables containing the

value of a physical quantity representative of the state of functioning of the

installation, characterized in that this method comprises:

for each pair of correlated variables that is formed of a main influential
variable and of a controlled variable, a step (220) of measuring the variations
of the main influential variable and of the controlled variable with the aid of
sensors, the variations of the main influential variable and of the controlled
variable being correlated by way of a causal relation,

a step (234) of verifying that the controlled variable varies in a proportion
explicable by the variation of the main influential variable by calculating a
correlation symptom (at 270) whose value is dependent both on the measured
variations of the main influential variable and the controlled variable, then by-
comparing (at 292) the calculated value of this symptom with a predetermined
threshold, and

a step (294) of selecting the main influential variable and the controlled
variable iﬁ the guise of relevant variables, if the predetermined threshold is

overstepped.

i
]

2. Method according to Claim 1, characterized in that it comprises:

during the initialization of the method, a step (174) of defining for each pair of
correlated variables an expected direction of variation of the controlled variable
with respect to the direction of variation of the main influential variable, and

a step (292) of reducing the number of potentially relevant variables so as to

discern a failure while systematically eliminating ei]l the pairs of correlated

~ variables wherein the direction of variation of the controlled variable with

respect to the direction of variation of the main influential variable corresponds
to the expected direction of variation defined during the initialization of the

method.
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Method according to any one of the preceding cldims, characterized in that the
correlation symptom calculated is proportional to the product of the measured

variations of the main influential variable and of the controlled variable.

Method according to any one of the preceding claims, characterized in that it

comprises:

- during the initialization of the method, a step (176) of defining for each pair of

correlated variables a predetermined delay representing the time elapsed
between the instant at which the main influential variable varies and the instant
at which the controlled variable varies in response to this variation of the main
influential variable, and .

- in that the correlation symptom calculated is propoﬁional to the product of the
measured variation of the controlled variable at the current instant and of the
measured variation of the main influential variable at the current instant minus
the predetermined delay defined for this pair during the initialization of the

method.

Method according to Claim 3 or 4, characterized in that it comprises a step (278) of
calculating a confidence coefficient proportional to the mean of the variations
measured for one of the variables of the pair divided by the standard deviation of the
variations measured for this same variable, and in that the correlation symptom

calculated is also depéndeht on this calculated confidence coefficient.

Method according to any one of the preceding claims, characterized in that it
comprises a step (286) of calculating an influence ratio of the variations of the main
influential variable over the variations of the controlled variable as a function of the
measured variations of the main influential variable and of the measured variations
for one or more disturbing variables, each disturbing variable being able to influence
the variations of the controlled variable, and in that the correlation symptom

calculated is dependent on the influence ratio calculated.

Method according to Claim 6, characterized in that it comprises:
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during the initialization of the method, a step (178) of defining a predetermined
gain between the variations of the main influential variable and the variations
of the controlled variable and a gain between the variations of each disturbing
variable and the variations of the controlled variable, and

in that the calculated influence ratio is also dependent on these predetermined

gains.

8. Method according to any one of the preceding claims, characterized in that it

comprises:

a step (220) of measuring one and the same physical quantity of the installation
with the aid of a pair of two different sensors, the values measured by each
sensor being contained in respective variables of a pair of redundant variables,
a step (230) of verifying whether a deviation between the values measured by
each sensor remains inside predetermined limits by calculating (at 240) a
redundancy symptom whose value is dependent on the deviation between the
values measured by each of the sensors of the pair, then by comparing (at 246)
the value calculated for this symptom with a predetermined threshold, and

a step (248) of selecting the pair of redundant variables in the guise of relevant

variables if the predetermined threshold is overstepped.

9. Method according to any one of the preceding claims, characterized in that it

comprises:

for at least one material storage receptacle, a step (220) of measuring the
amounts of material entering and leaving the receptacle and a step (220) of
measuring the amount of material stored inside the receptacle with the aid of
sensors, each measured amount being contained in a corresponding variable,

a step (232) of verifying an instantaneous material balance by calculating (at
250) an instantaneous material balance symptom whose value is dependent on
the difference between on the one hand the measured amounts of material
entering and leaving between a current instant and a previous instant and, on
the other hand, the difference between the measured amounts of material stored

at the current instant and at the previous instant, then by comparing (at 252) the
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calculated value of this instantaneous material balance symptom with a
predetermined threshold,

- a step (254) of selecting the variables containing the measured amounts of
material in the guise of relevant variables if the predetermined threshold is

overstepped.

Method according to Claim 9, characterized in that it comprises a step of verifying an
aggregate material balance for this receptacle by calculating (at 260) an aggregate
material balance symptom whose value is dependent on the accumulation of the
calculated values of the instantaneous material balance symptom, during a period of
time over which the direction of variation of the amount of material stored does not
change, then by comparing (at 262) the calculated value of the aggregate material
balance symptom with a predetermined threshold, and in that it comprises a step
(264) of selecting the variables containing measured amounts of material in the guise

of relevant variables if the predetermined threshold is overstepped.

Information recording medium, characterized in that it comprises instructions for the
execution of a method of selection in accordance with any one of the preceding

claims, when these instructions are executed by an electronic computer,

Computer program, characterized in that it comprises instructions for the execution
of a method of selection in accordance with any one of the preceding claims, when

these instructions are executed by an electronic computer.

System for automatically selecting relevant variables for discerning a failure in an

automated installation for producing a product, each of the variables containing the

value of a physical quantity representative of the state of functioning of the

installation, characterized in that it comprises:

- for each pair of correlated variables that is formed of a main influential
variable and of a controlled variable, sensors (8, 10, 30, 32, 34, 44, 48) able to
measure the variations of the main inﬂueﬁtial variable and of the controlled

variable, the variations of the main influential variable and of the controlled
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variable being correlated by way of a causal relation,

- a verification module (94) able to verify whether the controlled variable varies
in a proportion explicable by the variation of the main influential variable by
calculating a symptom whose value is dependent both on the measured
variations of the main influential variable and the controlled variable, then by
comparing the calculated value of this symptom with a predetermined
threshold, and

- a module (96) for selecting the main influential variable and the controlled
variable in the guise of relevant variable if the predetermined threshold is

overstepped.



WO 2006/103405 PCT/GB2006/001104

1711
30 26
20 g 16
. 8 ‘ 14
22 3?2 78\‘ | ‘1;»10
34 1{: ~—
24




PCT/GB2006/001104

WO 2006/103405

2/11

09

v

S e N -

\rww_,,

twmi

.:mmi

lem.l

, \/ ~¢8-
IQQWI ,lam) w
lle
jeot 96 F6 1261
3
“85- ~$9-
v~ i

INN..

:

lohm|




PCT/GB2006/001104

WO 2006/103405

3/11

-120-

\
772-]
=174
[-182-
7t
[7ac]
[-188

~-180-
-184-
2]

e 0 Dy Seee bram

122

|

~136-

-138-
740~

~142-]

150

R & L % t L 4
SN O o

At { SN § A 130 o

3 ® 2 ' 3

-

-~

FIG.3A



PCT/GB2006/001104

WO 2006/103405

4/11

124

270

T

2 i T4 ¢ M ¢ 1}t s ‘]
NI HHOPHOIIGHMEIS HOHToHO
SNHNRHNHENHoIolloHoliolio
b { Dl 1l 1ot 100 { DL 1 D A 1 A

. 318 1 1 ¥

o

-250-
-260-

FIG.3B



PCT/GB2006/001104

WO 2006/103405

5111

1022 L0GZ LOBZ . 042 LOBL $0LL JOSE LOBE BOLE p06 B4 108 10E  1OL
108 . Emwg Smm wawm memm mmm» fogt max maﬁ m%w 108 108  10F M@ i
6 [ N S T T T TS 1Y SO 1 NS SR N DO TN NN T VN DU GHUR SN U SO U M DO 0
i
o dovas s shc. wresn o v ’&usl...;.l.qt.i};i:&l}!%l]i«faﬂi!}!iliﬂ? =
2'0-
m 1th Qmm »oloutstc XQN
umvm o ':slttll
zae
m q? ta‘act‘a Iom%
m -a.!l ll‘ll!kl&
M 1QI1 .\n:;nnvsi I-QN
20 P26~
62
80"
i oe



PCT/GB2006/001104

WO 2006/103405

6771

104 1038 1062

14:74 womm bore t0ge 100
T S VO S T S i |

qr'old

LoiE LOBL LB 106
G ».mmmw

I S T
¥

{

i

W06 108 10/ 108 10
2 F& o "mmw&mn_m

La
0z g

N

.

m ¥

ge
08i Eww mm
!

Hn

;

i

¥

L,

g

«

1

]

-1 0
¢ 0
g0
i
-5 0
40

-4 "0




WO 2006/103405 PCT/GB2006/001104

7{11

LI I S AR

oy
LY
PN
A

LTS P L TR Y RN XY
P L LR LA R EE L S E L S Rl i
YO8

-
i T

v
PY
L4
.
+
.
:
s
»
»
.
)
v
>
+
s
.
.
x
+
.
’
»
.
*
2
.
I
’
.
v
]
v
.
»
3
N
%
+
+
v
s
.

agmmmvnseas
LR RN

B Attt deh bkt
~eaa..
LT -

sagggecmeenn

LR
oy

i
-
5.

0.9 -
0.8 -
0.7 -
0.6
0.5 -
0.4 —
0.3 -
0.2 -



PCT/GB2006/001104

8111

WO 2006/103405

R TSI,

$OId

gl loge LOEZ [0MZ 106 041 LOSL LO€ . 04
Swm momm m%m t0ge (00 108t 5& mﬁ; Mmmwam%m mmgmh “mmh%h%&mgwhﬁ i
[MHm,ﬁw.m**..wmw.m_hw“w,;_m:”_,,w_:_w 0

*1_..
10
-2 "0
L ~60
b0

%mgm g




PCT/GB2006/001104

WO 2006/103405

8711

V9'9ld

Lz 1682 mmwm [H3 Em w 408 06 10/ 10§ {11]1
Em w%m va Smm wa “ , M‘ “ m Mmmm Bm :.a Ev :w ,

g 0
iy 005
02—

' 0004
08—
0081
0p—
0002
Q@’.J‘P W 13. ' g i M A é"l.llll&'ll‘.
. . -005¢
08~ age .wmm - - :,..,. TN
:5:-, / q-»l) h -.-q -..- ,n».. ..‘- ...v.- -.o
..1 y-! "1 _.u-ro. Ra -n. .»u__‘ -..fx»(. Se.
QN.!E‘ .... ) .2 . Y -»f. <~ ‘o -(L. ' -n fiQQQm
_.ex,..iu.wie}z;s..s:d...s&):.....z.i...,f,,risaz:s
a8 7 0058
09g



PCT/GB2006/001104

10711

WO 2006/103405

q9°914

gL _LOLL o Em Log

L4, Sﬂ L0 ig
j31/:74 E%wmw&wwmhmmm ama h 14,42 w Em \ :.E 109 10¥ Ew _h~

1848 L0682 Logz wm:w Em £}
80¢ h h
anm M. T :m Tt * I : b ﬁ “EJJ :?t« e g.

04 G

—-8°0

—~&'0




WO 2006/103405 PCT/GB2006/001104

11/71

it

T
FIG.6C

~ 374

1]

0.9~
0.8
0.7~
0.6+
0.6+
0.4
0.3+
0.2-
0.1~



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

