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(54) METHOD AND CONTROL SYSTEM FOR CONTROLLING A REAL PRODUCTION PROCESS

(57) The present disclosure relates to a method of
controlling a real production process, wherein the method
comprises: a) receiving initial condition data from an
on-line simulator system (7) simulating the real produc-
tion process, and b) performing an optimisation based
on the initial condition data and on an objective function
to obtain set points for controlling the real production
process.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to
process control.

BACKGROUND

[0002] Complex production processes such as pulp
and paper production and chemical production process-
es, involving a great plurality of control variables, are nor-
mally controlled using advanced control strategies. One
example of a control strategy in complex production proc-
esses is disclosed in EP 1 520 215 B1. This document
discloses a process modelled by a dynamic model, han-
dling time dependent relations between manipulated var-
iables of different process sections and measured proc-
ess output variables. Suggested input trajectories for ma-
nipulated variables for a subsequent time period are ob-
tained by optimizing an objective function over a predic-
tion time period, under constraints imposed by the dy-
namic process model and/or preferably a production plan
for the same period. The objective function comprises
relations involving predictions of controlled process out-
put variables as a function of time using the process mod-
el, based on the present measurements, preferably by a
state estimation procedure.
[0003] A drawback with the method disclosed in EP 1
520 215 B1 is that the initial state estimation is time-
consuming and may take several minutes, even using
modern computational aids. The initial states thus ob-
tained may therefore not reflect the current state of the
process once optimisation commences.

SUMMARY

[0004] In view of the above, an object of the present
disclosure is to provide a method of controlling a real
production process which solves, or at least mitigates,
the problems of the prior art.
[0005] There is hence according to a first aspect of the
present disclosure provided a method of controlling a real
production process, wherein the method comprises: a)
receiving initial condition data from an on-line simulator
system simulating the real production process, and b)
performing an optimisation based on the initial condition
data and an objective function to obtain set points for
controlling the real production process.
[0006] The method hence uses initial condition data
obtained from an on-line simulation of the real production
process in a real-world production process.
[0007] By using the on-line simulator, which may run
in real-time in parallel with the real production process,
initial conditions may be obtained whenever required, be-
cause the simulated current values of the state variables
are immediately available at any given time.
[0008] The initial condition is the states of process var-

iables in the process model of an on-line simulator and
of the controllers used in the process model.
[0009] The initial condition data may for example com-
prise the state of the real production process as deter-
mined by the on-line simulator system based on simulat-
ed state variable values.
[0010] The method may advantageously be used in
the process industry, for example in pulp and paper pro-
duction as well as in the oil and gas industry or in a chem-
ical production process. Hereto, the real production proc-
ess may for example be a pulp and paper production
process, an oil and gas related process in the oil and gas
industry, or a chemical production process.
[0011] One embodiment comprises c) providing the set
points to controllers to control the real production proc-
ess. The set points may be provided on a time-scale for
the controllers of the control system. To this end, the set
points may be provided as an output to the controllers in
the form of a schedule or set point trajectories. This allows
for the controllers to use set points according to the
schedule for the given time window. This schedule may
be updated in a subsequent or later iteration of the meth-
od.
[0012] One embodiment comprises testing the set
points obtained in step b) before step c) and performing
step c) only if the set points are validated in the test.
Hereto, the set points obtained from the optimisation may
be tested before being used in the real production proc-
ess. The control of the real production process may there-
by be improved. In particular, the dynamic model of the
real production process and/or of the dynamic model
used in the optimisation may be tuned based on the test,
to thereby improve the dynamic model(s).
[0013] The test may be initiated automatically and per-
formed after the set points have been determined. Alter-
natively, the test may be initiated manually by an operator
after the set points have been determined.
[0014] According to one embodiment, the testing in-
volves using the set points in an auxiliary process simu-
lation to obtain test-simulated process state variables,
wherein the set points are validated if the test-simulated
process state variables are within an acceptable range.
The acceptable range may be a predetermined range for
example determined by one or more constraints, such
as alarm limits.
[0015] According to one embodiment, the testing com-
prises running the auxiliary process simulation faster
than real-time to obtain the test-simulated process state
variables. An actual test of the set points and the reaction
thereto of the simulated production process may be pro-
vided before they are to be used in the control.
[0016] One embodiment comprises providing the set
points as input to the on-line simulator system if the set
points are validated in the test. The set points may hence
in addition to being provided to the controllers in the real
production process, also be provided to the on-line sim-
ulator system such that the on-line simulator system re-
ceives the same input as the real production process.
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[0017] According to one embodiment, the on-line sim-
ulator system runs in real-time, parallel to the real pro-
duction process based on real-time process data and
events. Alternatively, or additionally, the on-line simulator
system may run on near-real time data and events from
a historian. The historian may be a local or remote server.
[0018] There is according to a second aspect of the
present disclosure provided a computer program com-
prising computer code which when executed by process-
ing circuitry of a control system causes the control system
to perform the method according to the first aspect.
[0019] There is according to a third aspect of the
present disclosure provided a control system for control-
ling a real production process, comprising: a storage me-
dium comprising computer code, and processing circuit-
ry, wherein when the computer code is executed by the
processing circuitry, the control system is configured to
receive initial condition data from an on-line simulator
system configured to simulate the real production proc-
ess, and perform an optimisation based on the initial con-
dition data and on an objective function to obtain set
points for controlling the real production process.
[0020] According to one embodiment the control sys-
tem is configured to provide the set points to controllers
to control the real production process using the set points.
[0021] According to one embodiment the control sys-
tem is configured to test the set points and to provide the
set points to the controllers only if the set points are val-
idated in the test. The set points can in case they have
been validated be provided both to the soft controllers of
the on-line simulator system and to the controllers of the
real production process.
[0022] According to one embodiment the control sys-
tem is configured to perform an auxiliary process simu-
lation which simulates the real production process off-
line using the set points to obtain test-simulated process
state variables, wherein the set points are validated if the
test-simulated process state variables are within an ac-
ceptable range.
[0023] According to one embodiment the control sys-
tem is configured to run the auxiliary process simulation
faster than real-time to obtain the test simulated process
state variables. This tool could for example be used as
a complement to the on-line optimisation, i.e. the optimi-
sation performed based on the initial condition data and
the objective function, or as a test.
[0024] According to one embodiment the control sys-
tem is configured to provide the set points as input to the
on-line simulator system if the set points are validated in
the test. In this case, the set points may also be provided
to the controllers of the real production process.
[0025] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, etc. are to be interpreted openly as referring
to at least one instance of the element, apparatus, com-
ponent, means, etc., unless explicitly stated otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The specific embodiments of the inventive con-
cept will now be described, by way of example, with ref-
erence to the accompanying drawings, in which:

Fig. 1 schematically depicts a control system;

Fig. 2 shows a flow chart of an example of controlling
a real production process; and

Fig. 3 schematically depicts the control system in
communication with controllers and an on-line sim-
ulation system.

DETAILED DESCRIPTION

[0027] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which exemplifying embodiments are
shown. The inventive concept may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather,
these embodiments are provided by way of example so
that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to
those skilled in the art. Like numbers refer to like elements
throughout the description.
[0028] Fig. 1 shows an example of a control system 1
for controlling a real, i.e. a real-world, production process.
The control system 1 comprises processing circuitry 3
and a storage medium 5.
[0029] The processing circuitry 3 may use any combi-
nation of one or more of a suitable central processing
unit (CPU), multiprocessor, microcontroller, digital signal
processor (DSP), application specific integrated circuit
(ASIC), field programmable gate arrays (FPGA) etc., ca-
pable of executing any herein disclosed operations con-
cerning control of a real production process.
[0030] The storage medium 5 may for example be em-
bodied as a memory, such as a random access memory
(RAM), a read-only memory (ROM), an erasable pro-
grammable read-only memory (EPROM), or an electri-
cally erasable programmable read-only memory (EEP-
ROM) and more particularly as a non-volatile storage me-
dium of a device in an external memory such as a USB
(Universal Serial Bus) memory or a Flash memory, such
as a compact Flash memory.
[0031] The operation of the control system 1 will now
be described with reference to Figs 2 and 3. Fig. 2 is a
flow chart of a method of controlling a real production
process using the control system 1.
[0032] As shown in Fig. 3, the control system 1 may
also comprise a plurality of controllers. The processing
circuitry 3 may be configured to communicate directly or
indirectly with the controllers. The controllers may be in-
stalled in the plant environment to control various process
parameters or manipulated variables. The controllers
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may for example form part of a distributed control system
(DCS).
[0033] As illustrated in Fig. 2 in a step a) the control
system 1 receives initial condition data. The initial con-
dition data is obtained from an on-line simulator system
7. The on-line simulator system 7 may or may not form
part of the control system 1.
[0034] The initial condition data may preferably com-
prise a state of the real production process as determined
by the on-line simulator system 7.
[0035] In a step b) an optimisation is performed based
on the initial condition data received from the on-line sim-
ulator system 7 in step a).
[0036] The optimisation involves using an objective
function and constraints to obtain optimal solutions or
manipulated variable trajectories. The constraints may
include a dynamic model of the real production process.
These optimal solutions or trajectories for the manipulat-
ed variables are the set points for the controllers. In par-
ticular, the set points are set point trajectories, since they
provide set points over time for each manipulated varia-
ble. The set point trajectories may be seen as a set point
schedule to the controllers. The trajectories hence define
the future state variables of the real production process.
The control system 1 may be configured to present the
trajectories visually on a display to an operator.
[0037] The objective function may be created on-line
based on optimising criteria. The optimising criteria may
for example be input to the control system 1 by an oper-
ator. The objective function may comprise one or a set
of objective functions. The objective function(s) may be
predefined for different use cases such as maximal profit,
minimal environmental impact and so on.
[0038] The control system 1 is configured to provide
the set points to the controllers. Thus, in a step c) the set
points are provided to the controllers. In particular, the
set point trajectories as such may be provided to the con-
trollers, which, as noted above, thereby obtain a schedule
for the control of the real production process.
[0039] Before providing the set points to the control-
lers, the set points may be validated. In one example,
the control system 1 is configured to validate the set
points. The validation may be based on auxiliary con-
straints not included in the optimisation as such. The aux-
iliary constraints may for example relate to upcoming
changes in the real production process, known to the
operator but not yet provided as constraints or in any
other way for the purpose of optimisation. This test may
be initiated automatically or manually by an operator. In
case the test fails, new initial condition data may be re-
ceived by the control system 1, and an optimisation based
on the new initial condition data may be performed. The
set points may according to this example only be sent to
the controllers in case the set points are accepted in the
test.
[0040] The control system 1 may in one variation be
configured to test the set points obtained from the opti-
misation by means of an offline simulation. The set points

may thereby be validated in the sense that their impact
on the real production process may be evaluated before
being used in the real production process.
[0041] The control system 1 is configured to validate
the set points determined by means of the optimisation
using an auxiliary process simulation. In particular, the
control system 1 is configured to perform the test or val-
idation by using the set points in the auxiliary process
simulation to obtain test-simulated process state varia-
bles. The set points may for example be validated if the
test-simulated process state variables are within an ac-
ceptable range. For example, the test-simulated process
state variables may be validated if the test-simulated
process state variables are within a predetermined range
from predicted values of the process state variables, as
estimated in the optimisation or if they satisfy certain con-
straints.
[0042] The testing may comprise running the auxiliary
process simulation faster than real-time to obtain the test-
simulated process state variables. In this manner, the set
points may be tested before they are to be used. The
testing may for example be performed before step c), i.e.
before the set points are provided to the controllers, or
alternatively after step c). In case the set points are val-
idated, they may be used with essentially known outcome
in the control of the real production process. The result
of the test may also be used to tune the dynamic model
in the optimisation and/or in the on-line simulator system
7, as illustrated by the dotted arrow lines A which shows
a feedback of the simulation result.
[0043] The on-line simulator system 7 may comprise
an on-line simulator 7a configured to perform the simu-
lation of the real production process. The on-line simu-
lator 7a uses a dynamic model of the real production
process. The dynamic model may also comprise addi-
tional modelled features such as controllers and field de-
vices.
[0044] The on-line simulator 7a may obtain the status
or state of all the real controllers deployed in the real
production process and process data in real-time or es-
sentially in real-time. This status may for example include
the current set points of the controllers and/or settings
input to the controllers by the operator.
[0045] The on-line simulator 7a is configured to run in
real-time, in parallel with the real production process. The
on-line simulator 7a may be configured to run based on
real-time process data and events or near real-time data
concerning the real production process obtained from a
local or remote historian 7b and used in the simulation
by the on-line simulator 7a.
[0046] The control system 1 may be configured to also
provide the set points to the on-line simulator 7a. In this
manner, the on-line simulator 7a will be fed with the same
control data as the real production process.
[0047] The inventive concept has mainly been de-
scribed above with reference to a few examples. How-
ever, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above
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are equally possible within the scope of the inventive con-
cept, as defined by the appended claims.

Claims

1. Method of controlling a real production process,
wherein the method comprises:

a) receiving initial condition data from an on-line
simulator system (7) simulating the real produc-
tion process, and
b) performing an optimisation based on the initial
condition data and on an objective function to
obtain set points for controlling the real produc-
tion process.

2. The method as claimed in claim 1, comprising c) pro-
viding the set points to controllers to control the real
production process.

3. The method as claimed in claim 2, comprising testing
the set points obtained in step b) before step c) and
performing step c) only if the set points are validated
in the test.

4. The method as claimed in claim 3, wherein the test-
ing involves using the set points in an auxiliary proc-
ess simulation to obtain test-simulated process state
variables, wherein the set points are validated if the
test-simulated process state variables are within an
acceptable range.

5. The method as claimed in claim 4, wherein the test-
ing comprises running the auxiliary process simula-
tion faster than real-time to obtain the test-simulated
process state variables.

6. The method as claimed in any of claims 3-5, com-
prising providing the set points as input to the on-
line simulator system if the set points are validated
in the test.

7. The method as claimed in any of the preceding
claims, wherein the on-line simulator system runs in
real-time, parallel to the real production process
based on real-time process data and events.

8. Computer program comprising computer code which
when executed by processing circuitry (3) of a control
system (1) causes the control system (1) to perform
the method as claimed in any of claims 1-7.

9. A control system (1) for controlling a real production
process, comprising:

a storage medium (5) comprising computer
code, and

processing circuitry (3),

wherein when the computer code is executed by the
processing circuitry (3), the control system (1) is con-
figured to:

receive initial condition data from an on-line sim-
ulator system (7) configured to simulate the real
production process, and
perform an optimisation based on the initial con-
dition data and on an objective function to obtain
set points for controlling the real production
process.

10. The control system (1) as claimed in claim 9, wherein
the processing circuitry (3) is configured to provide
the set points to controllers to control the real pro-
duction process using the set points.

11. The control system (1) as claimed in claim 9 or 10,
wherein the control system (1) is configured to test
the set points, and to provide the set points to con-
trollers only if the set points are validated in the test.

12. The control system as claimed in any of claims 9-11,
wherein the control system (1) is configured to per-
form an auxiliary process simulation which simulates
the real production process off-line using the set
points to obtain test-simulated process state varia-
bles, wherein the set points are validated if the test-
simulated process state variables are within an ac-
ceptable range.

13. The control system as claimed in claim 11, wherein
the control system (1) is configured to run the auxil-
iary process simulation faster than real-time to obtain
the test simulated process state variables.

14. The control system as claimed in any of claims 11-13,
control system (1) is configured to provide the set
points as input to the on-line simulator system (7) if
the set points are validated in the test.
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