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Method for generating a process model

Field of the Invention

The invention relates to a method for generating a process model modeling a
plurality of manual mode procedure instances of a plant process.

Background

In plant operation, very often certain procedure instances related to plants like
start-up or shut-down of equipment, emptying tanks, etc. are executed in the
operator room manually. According to the state of the art, special operator
displays are provided to the operators or event batch recipe systems are
provided to enforce a reliable execution of manual procedure instances. Very
often, such efforts to guide the operator are not sufficient and the quality of the
execution solely depends on the experience, diligence and current mental state
of the operator.

Description

Accordingly, the present invention is directed to a method for generating a
process model, a method to generate a recommended set point, a method for
generation of a warning signal, a support system, a use of the generated process
model, a computer program, and a computer-readable storage medium with
subject matter as described in the independent claims.

Advantageous modifications of the invention are stated in the dependent claims.
All combinations of at least two of the features disclosed in the description, the
claims, and the figures fall within the scope of the invention. In order to avoid
repetition, features disclosed in accordance with the method shall also apply and
be claimable in accordance with mentioned systems.

Said in other words it is provided a method to generate a workflow model as a
process model for manual mode procedure instances, wherein by mining
historical resp. past log data knowledge from manual sequences of operational
actions performed by an operator is learnt.
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The idea underlying the invention is to record operator actions during a plurality
of operational procedures or extract such operator actions and the related
knowledge from past event logs. The recorded procedures, i.e. the procedure
instances, will be translated in a process model that can be used to guide
operators through the execution of each of the corresponding procedure instance
and/or monitor or check the execution of the procedure in accordance with the
specified rules by the process model.

In this entire description of the invention, the sequence of procedural steps is
presented in such a way that the process is easily comprehensible. However, the
skilled person will recognize that many of the process steps can also be executed
in a different order and lead to the same or a corresponding result. In this sense,
the sequence of the process steps can be changed accordingly. Some features
are provided with counting words to improve readability or to make the
assignment more clear, but this does not imply the presence of certain features.

To achieve these and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, there is provided a
method for generating a process model modeling a manual mode procedure
instance of a plant process, the procedure instance comprising a related
sequence of operational actions, including the following steps.

At a step of the method a plurality of log events of a plurality of operational
actions of the plant process is provided. Another step of the method selects a
plurality of related sequences of manual mode operational actions from the
plurality of log events. Another step of the method filters the plurality of related
sequences of manual mode operational actions according to an individual plant
section. Another step of the method identifies a sequential order from the plurality
of filtered related sequences of the manual mode operational actions.

Another step of the method determines statistical properties of values of related
process variables and/or statistical properties of values of related set point
changes to each sequential ordered manual mode operational action from the
plurality of filtered related sequences of the manual mode operational actions.
Another step of the method generates the process model of the manual mode
procedure instance by arranging related manual mode operational actions with
the sequential order and each operational action is assigned with the statistical
properties of the values of related process variables and/or the statistical
properties of the values of the related set point changes.

PCT/EP2021/060186
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Described with other words a method is described to record operator actions
during operational procedures or extract such operator actions from historical
respectively past event logs. The recorded procedures, named procedure
instances, are translated in a process model that may be used to guide operators
through the execution of the corresponding manual procedures and monitor their
compliance to the related rules defined by a simple waterfall process model.

In this context manual mode operational actions are operational actions which
are performed by a human operator versus a control loop of an automatically
controlled system.

Operational actions are for instance set point changes and can be derived from
the operational action sequences directly. Set points are usually recorded as
time-series. If the event log does not contain the set point changes directly, they
can be derived from the time-series data. Whenever the time-series changes and
the set point is not controlled by a model-predictive controller at the time this
corresponds to an operator action.

A process model extractor can be built performing the described method that
analysis log files and generates a processes model with partial order graphs of
actions and using a user provided list of relevant process variables to create pre-
condition of operator actions. By this the method can be seen as the at least
semi-automatic generation of process models for operational procedures by
extraction of process models from the control system log files.

Advantageously by this method know how which is generated by manual
operational actions of an operator can be derived and summarized by the
process model.

The term set point includes any input to the plant or to a plant section
respectively to the control loop controlling the process value of the plant, that
means the term set point includes a controller set point and/or actuating values,
as e.g. valve settings.

According to an aspect the filtering of the plurality of related sequences of

manual mode operational actions is performed according to an individual plant
condition.

By this additional filtering in respect to individual plant condition more details of the

know-how can be included to the process model.

PCT/EP2021/060186
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According to an aspect the individual plant condition is determined by at least a
threshold value of a related process variable at the beginning of the manual mode
procedure instance.

For an identification of the individual plant condition threshold values of process
variables which are related to the individual manual mode procedure instance may be
used to get a more detailed insight of the related know-how of manual mode procedure

instances.

Describe with other words a procedure instance for which at the start time the same
threshold values are reached and/or are within a specified range characterized by
threshold values may build one group of manual mode procedure instances.

This aspect of the described method is particularly relevant when the exact course of
operational actions depend on the specific nature of the plant situation. This threshold
values may be defined by plant experts.

For this approach, the plant expert would define a number of threshold values for
signals respectively process variables, as e.g. defining a threshold value for the
temperature to be T1245 > 100°, pressure P3214 < 30 barr,.... before starting the
manual mode procedure instance. For each procedure instance these threshold values

will be checked at the start time of the procedure instance.

According to an aspect the individual plant condition is determined by threshold values
of a subset of the related process variables at the beginning of the manual mode
procedure instance.

Advantageously there may be individual plant conditions characterized by a subset of

the related process value for more detailed characterizing the plant condition.

According to an aspect the individual plant condition is determined by at least one time
series of values of related process variables of the plant section within a time period
before the start of the manual mode procedure instance.

Advantageously there may be individual plant conditions characterized by at least one
time serious of values of related process variables for more detailed characterizing the
plant condition. That means by the time serious the history of the plant process might

be relevant to run the manual mode procedure instance.

According to an aspect the individual plant condition is determined by a clustered

number of time series of values of process variables of the plant section within a time
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period before the start of the manual mode procedure instance, wherein the cluster is

build by scoring similarities of time series of values of related process variables.

By clustering of time series with e.g. methods from unsupervised machine learning, like
k-means, dbscan, agglomerative clustering, mean-shift clustering, or others
advantageously the precondition for the manual mode procedure instance may be
characterized in a very specific way and by this the process model may be more
precise reflecting operator know-how. Scoring similarities may be measured by minimal
distances or another similarity measure of the time series of values of related process
variables involved.

This clustering may also be performed with a the subset of time series of values of
related process variables either pre-selected by a plant expert or defined by filtering out
signals with low information content, e.g. measured by information entropy.

The scoring of a similarity of at least one plant condition is done by means of
calculating a Euclidean distance and/or Dynamic Time Warping and/or Cosine
Similarity and/or Levenshtein Similarity after a Piecewise Aggregate Approximation or
Symbolic Aggregate Approximation and/or Chebyshev distance of characteristics of the

manual operational actions of the respective manual mode procedure instances.

According to an aspect the individual plant condition is determined by values of
process variables and/or values of set points and/or a plant section of the manual
operational action and/or values of set points and/or number of manual operational
actions of the manual mode procedure instances.

By this more specific know-how of the operator can be integrated to the process model.

According to an aspect annotations related to a manual mode operational action is
assigned to the respective manual mode operational action.
These annotations may later on help running manual mode procedure instances by the

operator taking into account the annotations.

According to an aspect a manual mode operational action with an assigned statistical
property of the values of the related process variables is above a limit value is omitted
from the process model.

By this aspect of the method untypical process variations do not disturb the design of

the correct process model.
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According to an aspect of the present invention a specific manual mode operational
action of the plurality of related sequences of manual mode operational actions, which
rarely occurs within the plurality of related sequences of manual mode operational
actions, is omitted from the process model.
The term rarely occurring may be understand as a predefined lower limit of a relative
rate of occurrence within all sequences of manual mode operational actions taken into
account to generate the process model.
This helps to improve the process model and collecting the know-how of the operator

by not taking into account operational actions which may not be relevant.

A method according to one of the preceding claims is provided to generate a
recommended set point for a manual mode operation action of a manual mode
procedure instance, wherein the recommended set point is determined using a
machine learning model by means of the plurality of related set points related to an
individual plant condition, to be assigned to the related manual mode operational action
in respect to the individual plant condition.

Using machine learning for recommendation of set point values to be changed may
improve the usage of the process model for the manual mode procedure instance run
by the operator giving a precise recommendation in contrast to just a range of possible

values for the set point change.

A method for generation of a warning signal related to a plant process is provided,
including the following steps. In a step of the method continuously log events of the
plant process are provided. In a further step an individual plant condition is determined
by means of log events of the plant process as described above. In a further step the
warning signal is generated based on the individual plant condition fitting the process
model according to the preceding claims.

Such a warning signal may indicate to an operator to start a manual mode procedure
instance of related a plant process.

By monitoring operator actions which are compared to the process model enables to
detect the start of relevant procedures for the plant and to warn the operator to start the

manual mode process instance.

A support system comprising a controller is provided, which is configured to support an
operator performing the manual mode operational actions according a process model

generated according to the method as described above, by displaying related process
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values and/or recommending set point changes to the operator according to the
manual mode operational action sequences as resulting from the process model.
Such a support system may support and monitor the execution of the manual mode
process instance by using the process model at runtime to guide the operator through

the manual mode process instance and monitor its execution.

By creation of a process model as described using the simple waterfall process
model and a dialog system that is capable of interpreting the waterfall process
model and at the same time monitor the condition in the process plant, map them
on pre-conditions of the process steps, notify the operator when pre-conditions
are met, warn the operator when he takes actions that are not part of the process
or take actions which preconditions are not yet met, and monitor and create a
protocol of the specific execution of procedure.

With other words a monitoring using the described process model during
execution of operational procedures may automatic trigger manual mode
operational actions using the know-how of former observed operator actions to
avoid that operators perform actions without support of the system

According to an aspect the support system comprises a process model editor,
which enables an operator to fine tune the process model for instance by using a
dialog based or wizard like system external to the actual control system.

A use of the process model generated according to the method as described above is
provided to support an operator performing the manual mode operational actions of a

manual mode procedure instance.

According to another aspect a computer program comprising instructions is
disclosed, which, when the program is executed by a computer, cause the
computer to carry out the one of the described methods.

According to another aspect of the present invention a computer-readable
storage medium is disclosed on which the computer program is stored.

Brief description of the drawings

The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of
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this application, illustrate embodiments of the invention and together with the
description serve to explain the principle of the invention. The drawings display:

FIG. 1 a flow diagram of a method for generating a process model,

FIG.2  atime series of values of process variables and related log file entries;

FIG.3  examples of procedure instances and their transformation;

FIG. 4  a matrix of the procedures and the resulting process model; and

FIG.5 a consecutive display content to support running the manual mode
process instance.

Figure 1 sketches schematically an overview of the method 100 for generating a
process model modeling a manual mode procedure instance of a plant process,
wherein the procedure instances comprise a related sequence of operational
actions.

In a first step S1 a plurality of log events of a plurality of operational actions of the
plant process may be provided for instance by the control system logfile 110.
From this plurality of log events a plurality of related sequences of manual mode
operational actions are selected in another step S2.

The plurality of related sequences of manual mode operational actions according
to an individual plant section is filtered in a further step S3.

In a further step S4 a sequential order is identified from the plurality of filtered
related sequences of the manual mode operational actions.

Statistical properties of values of related process variables and/or statistical
properties of values of related set point changes to each sequential ordered
manual mode operational action is determined from the plurality of filtered related
sequences of the manual mode operational actions in a further step S5.

This step may comprise the step of determining statistical properties of values of
related process variables S5a as well as the step of determining statistical
properties of values of related set point changes S5b as well as a method step
S5c, wherein in the method step the set point for e.g. recommending a set point
to the operator is determined using a machine learning model by means of the
plurality of related set points related to an individual plant condition, to be

PCT/EP2021/060186
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assigned to the related manual mode operational action in respect to the
individual plant condition.

The statistical properties may characterize recorded upper and lower bounds of
set point choices from the manual mode procedure instance as logged by the
plurality of operational actions.

The process model of the manual mode procedure instance is generated by
arranging related manual mode operational actions with the sequential order and
each operational action is assigned with the statistical properties of the values of
related process variables and/or the statistical properties of the values of the
related set point changes in step S6.

Figure 2a sketches as an example a first time series 210 and a second time
series 220 of values of process variables A (filling level) respectively B (pressure)
and Figure 2b sketches examples of related of log file entries.

Figure 3a sketches two examples of manual mode procedure instances
originating from related log files or log file events and Figure 3b an extraction of

sequences of manual mode operational actions there from.

For generation of a process model in respect to the described method manual mode
procedure instance start times, end times and relevant process variables may be
provided from the operational actions as recorded by the historical control system log
file. For each corresponding start and end time of the logged action it may be
determined whether control loops of the plant process represented by related set points
of the plant process are in manual-mode or automatic-mode at the beginning of the
procedure instance. This is done iteratively from start of procedure instance towards

the end through all log entries.

a) If a set point change is determined as performed in manual mode of the
corresponding control loop such operational action will be added to the list of
operational actions of the procedure instance including the value of the actual

respectively new set point.

b) If a set point automatic (e.g. actuator value within control loop or a target value of a
PID controller (proportional—integral—-derivative controller) controlled by an advanced
process control) was changed to manual mode, such operational action will be added

to the list of operational actions of the manual mode procedure instance including the
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corresponding actual changed value of the set point. If a set point control was changed
to auto mode the corresponding set point may be removed from the list of operational
actions. That means that any entries that the operator makes for the plant in particular

in respect to a manual mode procedure instances are entered to the list.

c) Assign the value of all relevant respectively related process variables at the start of
the operational action to the list of operational actions of the procedure instance for
determining a range or another statistical property of possible set point settings.
Operational actions may be added from other list as well. Examples of data sources
are so called audit trails that collect operator actions on a more detailed level in
particular recorded in user interfaces of distributed control systems or operational
actions may be extracted from set point signals, adding an operational action to the list
of the procedure instance whenever the value of a set point changes.

The operational actions from the different sources will be merged according to the
order related to the respective time-stamps.

This steps result in several lists of related sequences of operational actions as
identified during the execution of the procedure alongside with values of process
variables. Figure 3a sketches two examples of two such operational actions list with

relevant process values which together form two examples of procedure instance.

Figure 3b sketches how to process a plurality of procedure instances in order to extract
the sequential order for determining a partial order graph for each time stamp of
operational actions. Next for each operational action within the sequential order of
operational actions an identifier ID and an order number (#) is assigned that captures
how often a specific set point change was performed having a specified direction of
change. By this the sequential order of operational actions of procedure instances are
determined to create a partial order process graph. The partial order process graph
captures the identified sequential order respectively relationship of manual operational
actions as required by the manual mode procedure instance. This results in a directed

acyclic graph (DAG) of operator actions.

The identifier (ID) establishes an unique label for an operational action (e.g. ID of the
valve the operator manipulates, the pump the operator starts, etc.), which may
correspond to a control loop, within the plurality of procedure instances and the
identifier may be linked with a number indicating a recurrence of the same operational

action within an individual procedure instance.
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For generation of a process model using a directed acyclic graph (DAG) of operator
actions for each of the manual mode operational actions of the plurality of related
sequences of manual mode operational actions it may be determined:
- whether the set point change is performed for the first time to initialize a counter
number (e.g. with 1 or 0) and assign this counter number for instance as a prefix or
postfix to this operational action as shown in figure 3b.
- If a related set point change already appeared previously, the counter number is
increased and correspondingly assigned as prefix or postfix to the corresponding
operational action.
As example shown in figure 3a there is the procedure instance 2 wherein the flow is
decreased two times. To distinguish these two operational actions, there are assigned
the counter numbers 1 and 2 respectively. A direction of change of a set point change
may be recorded and also linked to the operational action (e.g. lowering vs. increasing
a set point like a fluid flow or temperature change or starting or stopping of equipment
like a motor or a pump). In the example shown in figure 3a, the identifier includes the
direction of change (closing, opening, increasing (U for up in the example), or

decreasing (D for down in the examples).

Operational actions that do not occur in all of the plurality of recorded procedure
instances or only in very few (based on percentage threshold) of the plurality of
recorded procedure instances are removed from the list of operational actions of the
procedure instances for modeling the process.

The same holds true if the variance of a process value at time of execution of an action
is above a threshold value, in such a case the process value might be omitted for this

step.

For generation of the directed acyclic graph (DAG) by means of the list of sequences of
manual operational actions of the procedure instances a specific matrix is created
indicating the order of manual operational actions within the list of sequences of
manual operational actions as shown in figure 4a. The numbers shown at the grid
position of the matrix capture how often the operational action indicated in the first
column i.e. the respective label of the matrix preceded the operational action indicated
in the first row of the label of the matrix.

Some of the operational actions may change their place within the sequential order
without technical effect to the manual mode procedure instance. If the numbers in the

grid of the matrix suggest a predecessor relationship with arbitrary sequence order for
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two operational actions A and B (that is both values [A -> B] > 0 and [B-> A] >0 are
valid, which is the case for CB1 and CA1 in the example) the numbers of the grid at the
respective position of the matrix may be chosen or changed the following way:
(a) it may be chosen to be 0 for both indicated directions of order or (b) a smaller
number of the two numbers within the grid, which may result from a threshold
difference or just a randomly chosen number of the two numbers (e.g. in case the

number are equal) may be set to 0.

Using the matrix, the DAG and the corresponding process model is generated. The
following steps are executed until the matrix (or list of nodes in a directed graph) is
worked through:

1) Search for columns that contain no values > 0

2) Add the corresponding operational action to the DAG/Process Model by creating
an edge between the new operational action and the action(s) last added to the graph
— if any.

3) Set the number in the row of the great of the matrix corresponding to the

operational action added to the DAG/Process model to 0

Figure 4b gives an example of a built DAG. This process model includes the assigned
ranges of process values to the operational actions which are sequentially ordered
corresponding to the process model. Alternative the procedure to create such a
flowchart can be constructed respectively for any other graph representation other than
a matrix as for instance using an adjacency list.

For annotation of the operational actions of the flowchart (DAG) respectively the
process model with process value ranges, the method extracts the range of process
values (min and max) at the time of execution of the recorded individual operational
action. Alternatively, the procedure determines a confidence interval for the respective
values of the process variables (in 90% of the cases, the values of the process

variables were between value A and value B when the step was executed).

The assigned ranges of process values or other statistical properties of the process
values for recommendation to change a set point can be learned using a machine
learning model, as for instance a regression that estimates a recommended set point
change depending on the relevant respectively related process values or all process

values of the plant and/or plant section. Alternatively a confidence interval derived from
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the recorded set point changes (e.g. for 90% of the cases, the operators chose a set
point value between A and B) or a machine learning model is trained to correlate set
point values with a key performance indicator (KPI) as e.g. an execution time, a quality
measure, a throughput, etc.

The order of the described procedures generate the flowchart (DAG) may be modified.

The method for generating a process model may include that operators add
annotations during the execution and recording of a manual operational action e.g. by
voice recording: ‘Precondition for the next set point change opening the valve C is a
value of level of X’. Such annotated actions and/or precondition which may be added to
the process model may define a required precondition in addition to or alternatively to a

value of a process variable of the process model.

The method for generating a process model may include a procedure for editing of an
initial process model including:

- removing of operational actions;

- adding operational actions, that are recorded by the logging system (e.g. checking
external data or interaction with field operator);

- defining of maximal and minimal values for the set points or defining a formula to
calculate the set point values;

- selecting values of process variables relevant as precondition of an operational action

and specifying upper and lower limits of values of process variables.

The method for generating a process model may include that limits for process
variables and set points are extracted from documents by text mining including
operational actions and values for set point changes and process variables.

Additionally or alternatively this may be done automatically.

A procedure execution support system may record how the operator performs the
procedure.

The procedure execution system also ‘walks’ the operator through steps of the
procedure and informs the operator whether preconditions to run the next manual
operational action are met or not and which set point the operator should change
including a recommended specific value. If the procedure execution system used as

assistance is integrated with the operator interfaces of the process control system,
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manual operational actions that are not included in the process model at all can be

prevented from execution. (‘Are you sure you want to...?)

Such a procedure execution support system may display this manual mode procedure
instance on a screen with the manual mode operational action as shown e.g. with
respect to the dialog flow shown in figure 5. After start of the procedure instance, the
procedure execution system displays all operational actions without a predecessor
including the minimal and maximal process values for its execution. After execution of
a manual operational action, the respective operational action and the corresponding
edges of the model are removed from the display and the next actions that may be
executed (e.g. do not have a predecessor) are added to the display.

The management of the open manual operational actions may be implemented in
different ways (working on a copy of the process model and deleting rows of executed
actions or counting until all predecessors are executed, maintaining a list of

predecessors and updating this list by deleting executed actions etc.)

The workflow of the procedure execution support system may be automatically
triggered (e.g. when the operator performs the first or the first two actions): ‘Are you

currently performing procedure X?’

The time elapsed between operational actions may be monitored by the procedure
execution support system and compared to logged historical values in order to remind

an operator to perform and expected next operational action.

The procedure execution support system may be configured to support an operator
training including a simulation of a plant process, which is able, e.g. by machine
learning, to simulate relationships between set point changes and process variables.
For instance it could be simulated and trained what happens if a valve is opened at a

lower tank level.



