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(57) Abstract: A plurality of real control inputs and real process measurements provided by a real automation system controlling an
industrial process are continuously stored continuously storing in a historian database. At the same time, a plurality of forecast con-
trol inputs and process measurements provided by a virtual automation system based on a simulation model are continuously stored
in a futurian data-base. Both the past operation of the industrial process up to present time based on data from the historian database
and the forecast future operation of the industrial process from the present time onwards based on data from the futurian database are
displayed on the operator screen.
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Method of monitoring an industrial process

FIELD OF THE INVENTION

The present invention relates generally to control of an industrial
process by an automation system.

BACKGROUND OF THE INVENTION

A process control or automation system is used to automatically
control an industrial process such as chemical, oil refineries, paper and pulp
mill, and power plants. The process automation system often uses a network
to interconnect various system components, such as sensors, actuators, con-
trollers, and operator terminals. Process automation involves using computer
technology and software engineering to help power plants and factories oper-
ate more efficiently and safely.

Process simulation is a model-based representation of industrial
processes and unit operations in software for studying and analyzing the be-
havior and performance of actual or theoretical systems. Simulation studies
are performed, not on the real-world system, but on a (usually computer-
based) model of the system created for the purpose of studying certain system
dynamics and characteristics. The purpose of any model is to enable its users
to draw conclusions about the real system by studying and analyzing the mod-
el response. The major reasons for developing a model, as opposed to analyz-
ing the real system, include economics, unavailability of a “real” system, and
the goal of achieving a deeper understanding of the relationships between the
elements of the system.

Process simulation always uses models which introduce approxima-
tions and assumptions but allow the description of a property over a wide
range of properties, such as temperatures and pressures, which might not be
covered by real data. Models also allow interpolation and extrapolation - within
certain limits - and enable the search for conditions outside the range of known
properties. In process automation, the simulator may use measurements to
show not only how the plant is working but to simulate different operating
modes and find the optimal strategy for the plant.

Simulation can be used in task or situational training areas in order
to allow operators to anticipate certain situations and be able to react properly
as well as to test and select alternatives based on some criteria, to test why
certain phenomena occur in the operations of the system under consideration,
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to gain insight about which variables are most important to performance and
how these variables interact, to identify bottlenecks in the process, to better
understand how the system really operates (as opposed to how everyone
thinks it operates), and to compare alternatives and reduce the risks of deci-
sions.

A basic process simulator is run with no real-time connection to a
simulated process. A tracking simulator, on the other hand, has the ability to
adapt its behavior to reality. A tracking simulator is a process simulator that
runs in real-time in parallel with the real process and is provided with a connec-
tion to the real process. More specifically, the tracking simulator receives pro-
cess measurements from the real process and is able to correct its own behav-
ior (models) by comparing the real process measurements to the simulator
outputs. PCT/FI2010/050564 discloses an example of such tracking simulator.

US2008/0027704 discloses a real-time synchronized control and
simulation within a process plant. A simulator is run in parallel with the actual
control system and the actual process. The operator can toggle the simulator
between two alternative modes of operation: a tracking mode and a prediction
mode. In a tracking mode the simulator can correct or update its models based
on the data from the real process. In the prediction mode the simulator per-
forms simulation of the process control system over some future time horizon,
to perform “what-if” scenarios, for example. In the prediction mode the simula-
tor corresponds to a basic process simulator run with no real-time connection
to a simulated process.

Disturbances enter or affect the process and tend to drive the con-
trolled dependent variables away from their desired value or setpoint condition.
Typical disturbances include changes in demand for product, or in the supply
of feed material. The control system must adjust the dependent variable so the
setpoint value of the independent variable is maintained despite the disturb-
ances. If the setpoint is changed, the independent variable must be changed to
adjust the controlled variable to its new desired value.

Despite their differences, continuous-process industries share un-
derlying characteristics: they maintain continuous operations in facilities that
represent substantial start-up costs and time, but can be interrupted or disrupt-
ed by minor disturbances. If the product stream is disrupted or the process is
not run optimally, lost productivity and lost product can create a large financial
burden. Therefore it is important for the operator to monitor and supervise the
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process in real-time. Control rooms are central facilities used to manage large
systems such as industrial processes. As the operators of large systems are
asked to perform more efficiently, use more sophisticated control systems, and
take on more duties and responsibilities, developers of control room equipment
have sought to improve operators' ability to interact effectively with their sys-
tems.

Modern process plants generate a vast amount of real-time data
that often has to be stored and processed efficiently for later analysis. All
measurements, setpoints, controller outputs, device statuses, motor starts,
alarms, operation tracking etc. may be stored into so called historian data-
bases. A historian database may be integrated with other parts of a control
system, such as controls, engineering and control room functionalities. By
means of the history data collected from the process plant over time, trend
charts can be created that show process trends in data over time. In modern
control rooms, long history trends are usually available for the users. As all
processes vary, single point measurements can be misleading. Displaying his-
torical data over time increases understanding of the real performance of a
process.

BRIEF DESCRIPTION OF THE INVENTION
An object of the present invention is to provide an improved monitor-

ing scheme for an industrial process. This object of the invention is achieved
by the subject matter of the attached independent claims. The preferred em-
bodiments of the invention are disclosed in the dependent claims.

An aspect of the invention is a method of monitoring an industrial
process, comprising

continuously storing in a historian database a plurality of real control
inputs and real process measurements provided by a real automation system
controlling an industrial process,

continuously storing in a futurian database a plurality of forecast
control inputs and process measurements provided by a virtual automation
system based on a model of the industrial process, and

displaying on a graphical user interface in a same graphical trend
view both the past operation of the industrial process up to present time based
on data from the historian database and the forecast future operation of the in-
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dustrial process from the present time onwards based on data from the futurian
database.

According to embodiments of the invention, real control inputs and
process measurements in the historian database overwrite or replace the re-
spective forecast control inputs and process measurements with the same
timestamp in the futurian database in a real time.

According to embodiments of the invention, the method comprises
storing future actions and/or setpoints in the futurian database and displaying
respective trends on the graphical user interface.

According to embodiments of the invention, the method comprises

providing collaborative data to or from another automation system,
said collaborative data including one or more of: future action, future setpoint,
future trend, future process measurement, future process control, future alarm,

storing the collaborative data in the futurian database,

using the collaborative data in generating and displaying the graph-
ical trend view.

According to embodiments of the invention, the method comprises
tracking a state of the real automation system in the virtual automation system.

According to embodiments of the invention, the method comprises
tracking a process state of the real process in forecasting or simulation in the
virtual automation system.

According to embodiments of the invention, the method comprises
generating the forecast control inputs and process measurements in said virtu-
al automation system at a speed faster that a real-time speed of real control
inputs and process measurements.

According to embodiments of the invention, the method comprises
generating and displaying on the graphical user interface future alarms based
on data stored in the futurian database.

According to embodiments of the invention, the method displaying
on the graphical user interface a timeline control tool, the user using the time-
line control tool to move both back in time to analyze past events in the histori-

an database and forth in time to analyze future events in the futurian database
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with a desired resolution and/or a desired time span of the data.

A further aspect of the invention is a system for implementing a
method according to any one of above embodiments, comprising a real-time
automation system connected to an industrial process, a virtual automation
system capable of running faster than real-time, a graphical user interface, a
historian database and a futurian database.

Another aspect of the invention is a computer program comprising
program code for performing a method according to any one of above embod-
iments when said program is run on a computer.

Another aspect of the invention is a computer program product
comprising program code means stored on a computer readable medium for
performing a method according to any one of above embodiments when said

program product is run on a computer.

BRIEF DESCRIPTION OF THE DRAWINGS
In the following the invention will be described in greater detail by

means of exemplary embodiments with reference to the attached drawings, in
which

Figure 1 is a block diagram illustrating a system according to an ex-
emplary embodiment of the invention;

Figure 2 is a simplified block diagram illustrating an example of stor-
ing of tags in the historian database and the futurian database;

Figure 3A illustrates an exemplary trend view that may be displayed
on an operator user interface in according to exemplary embodiments of the
invention, and Figures 3B, 3C, 3D, 3E, 3F illustrate further examples of dis-
playing historian and futurian data on a graphical user interface;

Figure 4 shows an example of a timeline and zooming tool dis-
played on the graphical user interface;

Figure 5 is a block diagram illustrating a virtual automation system
according to an exemplary embodiment of the invention; and

Figure 6 is a block diagram a system according to a still further ex-
emplary embodiment of the invention.
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EXAMPLE EMBODIMENTS OF THE INVENTION

An exemplary embodiment of the invention is illustrated in Figure 1.
The present invention can be applied in connection with any automation sys-
tem (process control system) 4 and any industrial process 2 or the like. The in-
dustrial processes 2 may include, but are not limited to, processes in a pro-
cessing industry, such as pulp and paper, oil refining, petrochemical and
chemical industries, or processes in power plants, etc. There are various archi-
tectures for an automation system. For example, the automation system 4 may
be a Direct Digital Control (DDC) system, a Distributed Control System (DCS),
or Field Control System (FCS), all well known in the art. One example of such
a decentralized automation system is Metso DNA (DNA, Dynamic Network of
Applications) delivered by Metso. A central processing unit(s) of an automation
system controlling the productive activity of an entire factory, such as a paper
mill, is (are) often called a control room, which may be composed of one or
more control room computer(s)/programs and process control comput-
er(s)/programs as well as databases of an automation system. An automation
system 4 may comprise a process bus/network and/or a control room
bus/network, by which different process control components or computers are
coupled to one another. A control room bus/network may interconnect the user
interface components of the automation system 4. A control room bus/network
may be a local area network, for example, based on the standard Ethernet
technology. A process bus/network may, in turn, interconnect process control
components. A process bus/network may be based on a deterministic token
passing protocol, for instance. Process controllers may also be connected to a
control room network, allowing communication between process controllers
and user interfaces. It must be appreciated, however, that it is not the intention
to limit the application area of the invention to any specific implementation of
an automation system 4.

A process 2 that is controlled by an automation system 4 may typi-
cally include a high number of field devices, such as actuators, valves, pumps
and sensors, in a plant area (field). There are various alternative ways to ar-
range an interconnection between an automation system 4 and a process 2
(e.g. field devices), such as two-wire twisted pair loop (4 to 20 mA analog sig-
nal), HART (Highway Addressable Remote Transducer) protocol, and other
field buses (e.g. Fieldbus and Profibus). However, it is to be appreciated that
the type or implementation of an interconnection between an automation sys-
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tem 4 and a process 2, e.g. between a control room and field devices, may be
based on any one of the alternatives described above, or on any combination
of the same, or on any other implementation. A practical plant configuration
may, and typically does, include several types of automation lines or field bus-
es in parallel, since the plant is updated and extended gradually over a long
period of time.

Process measurements y(k) may include any measurement of any
desired variables or properties in a process 2, such as a flow rate, a pressure,
a temperature, a valve position, etc. These process variables can be measured
with dedicated sensors arranged in the field of a process plant. Process con-
trols (inputs) u(k) from an automation system 4 to a process 2 may include, but
are not limited to, control inputs to field devices.

An operator or user may monitor and control the automation system
4 via the user interface 6 of the automation system. Through the user interface
user may monitor displayed measurement data y(k) and process controls u(k)
received from the automation system 4 and provide actions and setpoints to
the automation system 4. In the exemplary embodiment shown in Figure 1, the
measurement data y(k), the process controls u(k) and the actions and set-
points r(k) may be stored into database(s) 8, or a portion of the database 8
called historian database(s) 8A. The historian data may include part or all of
measurements, setpoints, controller outputs, device statuses, motor starts,
alarms, operation tracking etc. obtained from the automation system and the
process during operation. The database 8 may be a database commonly re-
ferred to as a tag database, which contains data elements called tags or
points. A tag may represent a single input or output value monitored or con-
trolled by the system 4. A tag can be either "hard" or "soft". A hard tag repre-
sents an actual input or output within the system 4, while a soft tag results from
logic and math operations applied to other points. Tags are normally stored as
value-timestamp pairs: a value, and the timestamp when it was recorded or
calculated. A series of value-timestamp pairs gives the history of that tag. Op-
tionally the history database 8 may store additional metadata with tags, such
as alarm information. A history database 8 may store data from a huge amount
of tags, e.g. thousands or dozens of thousands over a long period of time
(length of the history), the main limiting factor being the storage capacity of the
database. The collection cycle for tags, i.e. the time between the collection
(sampling) of two samples, may be selectable by the user, e.g. from approxi-
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mately 0.1 seconds up to days or weeks. There may be different collection cy-
cles and/or history lengths for different tags or different users, for example. The
length of the trend history is limited by the available database capacity, e.g.
hard disc space. According to an exemplary embodiment, the historian data-
base may be a round buffer i.e. older data is automatically deleted and over-
written if the database reaches its maximum storing capacity.

The operator user interface 6 in a control room may be based on a
human-machine interface (HMI) running in the operator console and allowing
the user to monitor, supervise and control the process. The aim of the oper-
ator user interface is effective operation and control of the plant sys-
tems, typically by means of keyboard and mouse controlled displays on which
a vast amount of process information is graphically presented (graphical user
interface, GUI). The primary aspects of this interface are graphics animated
with feedback from the process which aids the operator in making operational
decisions, e.g. make actions and change setpoints to operate the process. The
operator user interface may also include data browsing and analyzing utilities,
configuration tools and alarm display. In steady operation, the operator inter-
face displayed in the main control room may show the synthetic and functional
state of the plant system. At one glance, the operator may be able to know the
overall state of the plant system — i.e. the global state of all the components. If
a problem occurs, the controlled component appears in error and the operator
may access its detailed state, for instance opening a display that is specific to
the supervised component. This interface may help the operator to locate the
origin of the fault and shall suggest a corrective action if possible. In the opera-
tor user interface, it is desired that the displayed information should be orga-
nized purposefully, in meaningful and useful ways based on clear, consistent
models that are apparent and recognizable to operators, putting related things
together and separating unrelated things, differentiating dissimilar things and
making similar things resemble one another.

In order to provide an improved user interface environment for an
operator in a process industry, according to exemplary embodiments of the in-
vention, also forecast control inputs u’(k), forecast process measurements
y’(k), and forecast actions and setpoints r'(k) may be provided and stored in
the history database 8. The stored forecast data is also called as futurian data
herein, and the portion of the database 8 that stores the futurian data is also
called as a futurian database 8B. The forecast actions and setpoints r'(k) may
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be made or set by the operator via the operator user interface 6. The forecast
control inputs u’(k), the forecast process measurements y’(k), and any other fu-
turian data may be generated by a virtual automation system, such as a virtual
automation system that utilizes a process model and a simulator, or a virtual
automations system that is based on statistical prediction, e.g. regression
model and/or entropy. In other words, the historian database portion 8A stores
process history data collected from the past operation of the industrial process
up to present time (i.e. current real-time situation), whereas the futurian data-
base portion 8B stores forecasted process “history” data representing the fu-
ture operation of the industrial process from the present time (i.e. current real-
time situation) onwards to the future over a desired time span. This is schemat-
ically illustrated in Figure 2, wherein the tags collected from the system at pre-
sent instant Ul(now), one hour earlier in the past Ul(-1h), and two hours earlier
in the past Ul(-2h), etc., are stored in the historian database 8A. Similarly, the
futurian tags that simulate/forecast the future operation of the process one
hour later in the future Ul(+1h), two hours later in the future Ul(+2h), ..., 5
hours later in the future Ul(+5h), etc., are stored in the futurian database 8B.
One collection cycle later in time, the historian data tags from the real process
will overwrite (i.e. replace) the futurian tags with the same timestamp previous-
ly stored in the futurian database 8B. Referring to the example shown in Figure
2, a real process tag collected one hour later in time, i.e. at time +1h, would
overwrite/replace the previous stored futurian tag Ul(+1h) having the same
time stamp +1h. It should be appreciated that the historian database 8A and
the futurian database 8B may be virtual databases, and the border between
the historian database 8A and the futurian database 8B may be defined merely
based on the timestamp, i.e. time stamps from past to the present (now) point
to the historian database 8A, and time stamps later than the present point to
the futurian database 8B. The border is thus continuously sliding with the real-
time (now). The physical configuration of the history database 8 is not relevant,
but it may comprise a single continuous buffer database (such as round buff-
er), a pair of a continuous historian buffer database and a continuous futurian
buffer database which may overlap each other in time at the border area, a dis-
tributed database, or any other database configuration.

Figure 3A illustrates an exemplary trend view that might be dis-
played on an operator user interface 6 in accordance with principles of embod-
iments of the invention. In the example view, there may be three different win-
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dows or zones: Actions 31, Action trends 32, and History trends 33. In the ex-
ample, the Actions window 31 may display an action list 310 including actions
for process components 25M-100 and 25FC-100, such as pumps, and control
tools 312 for setting real-time and future actions and setpoints r(k) and r'(k).
The Actions trend window 32 may show the actions graphically as trends in a
time line including past (historian) actions and setpoints from trends from past
to the present time (now) and forecast (futurian) actions and setpoints from the
present time to the future. Similarly, the History trends window 33 may show
history trends including a historian trend portion for past (historian) measure-
ments y(k) and controls u(k) up to the present time (now), and a forecast trend
portion for forecast (futurian) measurements y’(k) and controls u’(k). Therefore,
future trends (forecast trends) may be displayed on the same screen (e.g. in
the same graph or plot) and in the same timeline as any other trend from the
process history database. In other words, the history trends displayed on an
automation system user interface may be extended to include also trend fore-
casts (and with alarms and events) in the same picture with a common time-
line. Having future actions and trends displayed on the screen, it is easier to
manage a process situation as compared with a situation where all future ac-
tions and trends have to be kept in mind, or without knowledge of future ac-
tions or trends. Also a recovery from a problematic situation will be faster, as
the consequences of corrective action made in real-time or set to be made in
the future are displayed on the same screen. The operator can see immediate-
ly what happened or will happen in a certain process situation and how the se-
quence of events proceeded or will proceed. By using the timeline and zoom-
ing functions, the operator may move back and forth in time with the desired
resolution of the data. The operator may ‘replay’ both the past and future
events stored in the history database 8. A time line and zooming tool may be,
for example a graphical slide controller in which a pointer or an adjusting ‘knob’
can be slided along the time line to the desired point in the past or to the future
wherein more detailed process data stored in the history database 8 can be
displayed to analyze the process situation. An example of such graphical time-
line and zooming tool is illustrated in Figure 4. Also future alarms may fore-
casted and stored in the futurian database or an alarm list, so that the operator
may obtain alarms of problematic situations that might occur in the future, if the
process continued from the present situation determined by the historian data
to the future with existing and/or future actions and setpoints. Examples of
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such alarm forecast may include an alarm of a lack of raw material or an alarm
of a waste tank being full, but any alarm may be forecast depending on the
specific process in question.

Let us consider the exemplary trend view shown in Figure 3A in
more detail. By means of the control slides and ‘Activate’, ‘Remove’ and ‘Can-
cel’ buttons, the operator may have set the following future actions r’'(k) which
are written in to the futurian database 8B with future timestamps: 25M-100 will
stop at time instant t1; 25FC-100 will enter a Local mode at time instant t2;
25FC-100 will be controlled to a level sp1 = 100 at time instant t3; and 25FC-
100 will be controlled to a level sp1 = 50 at time instant t4; and 25FC-100 will
return to a Remote mode at time instant t5. These future actions are also
shown in the Action trend window 32. The forecast measurements y’(k) and
controls u’(k) which are calculated based on the historian (real) data and the
future actions r’(k) and are stored in the futurian database 8B, are shown in the
future part of the history trends in the window 33. Thus, an operator user inter-
face according to embodiments of the invention can show the cumulative con-
sequences of the past and future actions by future trends so that the operator
is able to see the consequences in advance before they are realized in the real
process. The future control actions and trends can be displayed on the screen
at the same time as the other historical data and the operator is continuously
aware of the future consequences without having to remember them or toggle
between a real mode and a future mode.

It should be appreciated that principles of embodiments of the in-
vention may applied to provide any type of graphical futurian presentations for
the operator, Figure 3A illustrating only one example. As a further example,
historian and/or futurian data may be displayed using any graphical graph or
data presentation, such as histogram charts, pie charts, bar charts, line charts,
other type of charts, trends, etc. Historian data and futurian data may be
shown in a single window or historian data and futurian data may be shown in
separate windows on the same screen. Such separate historian and futurian
windows may be close each other such that they create a continuous trend on
the screen, as illustrated in Figure 3B, or they may be located horizontally or
vertically apart from each other on the screen, as illustrated in Figure 3C. As
still further example, separate historian and futurian views or windows may be
displayed on separate screens, as illustrated in Figure 3D. User may be able to
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open and close (activate and deactivate) historian and/or futurian window(s)
selectively on any control view currently displayed on the screen.

Figure 3E illustrates an example view, wherein historian and futurian
data are displayed as part of a process control view including a graphical
presentation of process components. In the illustrated example historian and
futurian data of a distillation process are depicted as united trends, wherein the
historian data is depicted as a solid line and the historian data is depicted as a
broken line. Similarly historian and futurian data may be displayed as part of
any process control view.

Figure 3F illustrates a still another example view, wherein historian
and futurian data are displayed as part of a process control view including a
graphical presentation of process components. In the illustrated example histo-
rian and futurian data of a gas turbine are depicted in separate window opened
on a gas turbine control view currently displayed on the screen, e.g. by user
clicking a desired icon or component on the gas turbine control view. The user
may close the historian and futurian window e.g. by clicking an appropriate
icon in the window. Similarly historian and futurian data may be selectively dis-
played as part of any process control view.

A virtual automation system 10 according to a still further exemplary
embodiment of the invention is illustrated in Figure 5. The exemplary virtual au-
tomation system 10 may comprise a clone (copy) of process control system
50, a state estimator 52 and a simulator/forecaster 54. The unit process model
of the simulator 54 may comprise a description of simulator states (x), a list of
controls and disturbances (u), a list of measurements (y), a function (f) describ-
ing state update, a function (g) describing mapping from state (x) to measure-
ments. The process model may be a discrete-time model to ensure rapid simu-
lations, but also other type of models may be used. The process model may be
a non-linear or linear model. The state estimator 52 may receive the meas-
urements y(k) and controls u(k) at time instant k (timestamp k), and generate
the next states x(k+1) for the next time instant k+1 (timestamp k+1) using the
function x(k+1) = f(x(k),u(k)), for example. The estimator 52 may have set an
estimator gain (H) defining how the generated states are updated from the ac-
tual measurements. The simulation starts from the current real-time situation
(timestamp k=0). The simulation may typically be performed at higher speed,
such that the forecast trends over the desired time span will be obtained and
updated as rapidly as possible. A simulator 54 may generate future measure-
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ments y'(k) from the state x and the future controls u’(k) using the function
y(k+1) = g(x(k+1)), for example. The clone of virtual automation system 50
may receive forecast measurements y’(k) and future actions and settings r,(k)
for a time stamp k, and generate forecast controls u’'(k+1) for a time stamp
k+1. All future or forecast data is stored in the futurian database with respec-
tive timestamps. At the same time, the state of simulator may track the state of
the real process 2 and the real automation system 4. Thus, the simulation may
always start from the current real-time situation, and a hot start of the simula-
tion is possible, as the simulator is always ready for what-if analyses. An ex-
emplary forecast process for a time span from k=0 to kmax may be illustrated
by a loop:

Repeat
x = f(x,u);
y = 9(x);
z=F(zy,r);
u=G(2);
K =k+1;
until k>=kmax

The parameter z(k) denotes an application state of the process con-
trol system 4. A still further exemplary embodiment for implementation of the
present invention is shown in Figure 6. A real automation system (e.g. process
control station, PCS) 4 with a real control application 602 controls real industri-
al process 2 via a real process interface 606 in a manner similar to Figure 1.
The collected history data, i.e. the measurement data y(k), the process con-
trols u(k) and the actions and setpoints r(k) may be stored into a historian da-
tabase(s) 8A. A tracking simulator is provided that models an industrial pro-
cess 2 simultaneously and in parallel with the industrial process 2. The tracking
simulator 602 may receive via simulation interface 610 the same controls as
the controls provided by an automation system 2 to the real industrial process
2. Based on these inputs, the tracking simulator 608 with its process model(s)
may provide simulated (estimated) process outputs which represent the real
process outputs as accurately as possible with the process model(s) em-
ployed. In order to avoid divergence of the model(s) from the real process 2,
the parameter estimation part 604 is able to correct, i.e. update, the parame-
ters and behavior (models) of the tracking simulator 608 based on the differ-
ence between the outputs from real process 2 and the tracking simulator 608.
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A virtual automation system (virtual process control system) 10 with
a clone of the real control application may control a forecast simulator 618 via
a virtual control I1/0 614 and a simulation interface 616. The forecast control in-
puts u’(k), forecast process measurements y’(k), and forecast actions and set-
points r'(k) may be stored in the futurian database 8B by the virtual process
control system 10. A copy 620 of the application state of the real control appli-
cation 602 in the real process control system 4 should be copied to the clone
control application in the virtual process control system 10 before each simula-
tion in order to keep the real-time state of the virtual process control system 10
updated and in synchronism with the real process control system 4. Moreover,
a copy 622 of the process state of the tracking simulator 608 should be copied
to the forecast simulator 618 before each simulation to ensure that simulation
starts from a state that is as close to the real process as possible.

In embodiments of the invention, there may also be communication
and collaboration between different departments or unit processes at the in-
dustrial plant. A forecast obtained from one department or unit process may be
valuable information to another department or unit process. Thus, selected one
or ones of the future actions and setpoints r'(k), or of other futurian data, may
be received from another department or process. For example, the virtual au-
tomation system 10 may receive information that a new shipment of raw mate-
rial will arrive at a certain timestamp, or raw material will be changed, or end
product will be shipped at certain time, or an operator of the other process or
department will make a certain action that will affect on the process forecast.
Similarly, such collaborative information may transferred from the own system
to other systems. Such collaboration will improve the accuracy of the forecast
and help avoiding unexpected process situations which results from actions in
other departments or unit processes.

The techniques described herein may be implemented by various
means. For example, these techniques may be implemented in hardware (one
or more devices), firmware (one or more devices), software (one or more mod-
ules), or combinations thereof. For a firmware or software, implementation can
be through modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in any suitable,
processor/computer-readable data storage medium(s) or memory unit(s) and
executed by one or more processors/computers. The data storage medium or
the memory unit may be implemented within the processor/computer or exter-
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nal to the processor/computer, in which case it can be communicatively cou-
pled to the processor/computer via various means as is known in the art. Addi-
tionally, components of systems described herein may be rearranged and/or
complimented by additional components in order to facilitate achieving the var-
ious aspects, goals, advantages, etc., described with regard thereto, and are
not limited to the precise configurations set forth in a given figure, as will be
appreciated by one skilled in the art.

The description and the related figures are only intended to illustrate
the principles of the present invention by means of examples. Various alterna-
tive embodiments, variations and changes are obvious to a person skilled in
the art on the basis of this description. The present invention is not intended to
be limited to the examples described herein but the invention may vary within
the scope and spirit of the appended claims.
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CLAIMS

1. A method of monitoring an industrial process, comprising

storing in a historian database a plurality of real control inputs and
real process measurements provided by a real automation system controlling
an industrial process,

storing in a futurian database a plurality of forecast control inputs
and process measurements provided by a virtual automation system based on
a model of the industrial process, and

displaying on an operator display graphically both the past operation
of the industrial process up to present time based on data from the historian
database and the forecast future operation of the industrial process from the
present time onwards based on data from the futurian database.

2. A method according to claim 1, wherein new real control inputs
and process measurements with a certain timestamp overwrite or replace the
respective forecast control inputs and process measurements stored with the
same timestamp in the futurian database.

3. A method according to claim 1 or 2, comprising storing future ac-
tions, setpoints and/or alarms in the futurian database and displaying respec-
tive graphics on the operator screen.

4. A method according to claim 1, 2 or 3, comprising

providing collaborative data to or from another automation system,
said collaborative data including one or more of: future action, future setpoint,
future alarm, future operation, future process measurement, future process
control,

storing the collaborative data in the futurian database,

using the collaborative data in generating and displaying graphics
about the future operation.

5. A method according to any one of claims 1 to 4, comprising

tracking a state of the real automation system in the virtual automa-
tion system.

6. A method according to any one of claims 1 to 5, comprising

tracking a process state of the real process in forecasting or simula-
tion in the virtual automation system.

7. A method according to any one of claims 1 to 6, comprising

generating the forecast control inputs and process measurements in
said virtual automation system automatically in the background at a speed
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substantially higher that a real-time speed of real control inputs and process
measurements.

8. A method according to any one of claims 1 to 7, comprising

generating the forecast control inputs and process measurements in
said virtual automation system in response to operator-implemented changes
in at least one predetermined parameter.

9. A method according to any one of claims 1 to 8, comprising

generating and displaying on the operator display future alarms
based on data stored in the futurian database.

10. A method according to any one of claims 1 to 9, comprising

displaying on the operator display a timeline control tool,

the operator using the timeline control tool to move both back in
time to analyze past events in the historian database and forth in time to ana-
lyze future events in the futurian database with a desired resolution and/or time
span.

11. A method according to any one of claims 1 to 10, comprising

displaying on the operator display the historian and/or futurian data
with one or more of the following graphical graphs or data presentations: histo-
gram chart, pie chart, bar chart, line chart, trend, and like.

12. A method according to any one of claims 1 to 11, comprising

displaying on the operator display the historian and/or futurian data
in a single common window or in separate windows.

13. A method according to any one of claims 1 to 12, comprising

the user selectively opening and closing historian and/or futurian
window or windows on a process control view displayed on the operator dis-
play.

14. A system for implementing steps of any one of method claims 1
to 13, comprising a real-time automation system connected to an industrial
process, a virtual automation system capable of running faster than real-time,
a graphical user interface, a historian database and a futurian database.

15. A computer program comprising program code for performing a
method according to any one of claims 1 to 13 when said program is run on a
computer.
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