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(57) Abstract: method
and a system for monitoring
the performance of a paper or

A

pulp production process, which
comprise the following steps: a)
collecting data connected to at

least one controllable variable (11
) of the process from the process,
b) removing from the process

data collected in step a) at least
one period that does not represent
the normal operating state of the

process, c¢) calculating from the
process data received from step
b) (12) with a moving calculation

Midpoint y-coordinate

method a set of first data points,
d) forming of the first data points
calculated from step c¢) a set of

second data points, which describe
the cumulative coefficients of
variation (COV), e) defining a first

3
Angular coefficient

and a second limit value for the
cumulative curve (14, 15) of the
coefficients of wvariation (COV),
which limit values define a line
segment between them, f) defining
for the line segment a parameter
(23, 24) describing its slope and the
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y-coordinate of a point on the line between the limit values, in which point the line and a pre-selected cumulative number intersect,
and presenting the parameter (23, 24) describing the slope of the line segment defined in step f) and the y-coordinate of the point
defined between the limit values as a signal for deducing the performance of the process.
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A method and a system for monitoring the performance of a paper or
pulp production process

Field of the invention

The invention relates to a method for monitoring the performance of a
paper or pulp production process according to the preamble of the ap-
pended claim 1. The invention also relates to a system according to the
preamble of claim 17.

Background of the invention

In paper and pulp production, performance evaluation, monitoring and
fault analysis is a complex problem due to the multivariable and very
interactive nature of the processes. The significance of process analy-
sis for the profitability of a factory has increased activity in process
analysis work as well as increased research for increasing the effi-
ciency of process analysis products.

In paper or pulp production it is known to continuously (on-line) track
the performance of a process by measuring controllable variables from
the product being manufactured or the production process itself, on the
basis of which variables trend lines or maps are created. This method
is based on the visual examination of individual signals received from
the measured variables. It is also known to calculate deviation values
of the measured variables over certain time periods.

Generally speaking, indicators must be defined for evaluating the per-
formance of a process. The indicator must be simple enough for it to be
easy to understand, but still complex enough for presenting the per-
formance of the process in a correct manner. It is difficult to define
simple indicators due to the complexity of processes, especially due to
their dynamics and the complex network of mutual relations. Time ho-
rizon and time resolution are critical factors from the point of view of
evaluating performance, but they can also be utilized in order to re-
ceive further information.
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If a suitable indicator is found, the performance of the process can be
defined with indicator parameters. It is, however, to be noted that
despite the versatility of the indicator and the defined parameters the
indicator describes performance in one way only. Because of this it is
difficult to express the performance of a process and/or control with a
simple indicator. Another important purpose for defining the per-
formance of a process is reference analysis. Many factories wish to
benchmark the performance of machines to the different machines in
the same factory or in other factories producing the same paper grade.
This is not an easy task, because the processes of different machines,
as well as the measuring and control systems controlling and opti-
mizing them differ from each other in many ways. The measuring and
control systems are especially problematic, because the characteristics
of measuring systems and signal processing may differ from each
other significantly.

As a solution to these problems, it has been proposed to use the
process itself as the reference value of the performance of the process
in question. This also makes it possible to compare and monitor the on-
line performance of the process. In order to detect problems created in
the processes or process control systems or for defining improve-
ments, reference behavior of the process is required. The conditions
and the past performance of the process itself provide the best
reference values for its current and future performance.

One such a method where the process itself is used as a reference
value is disclosed in reference Nuyan, S., Nissinen, A., and Hietanen,
V., 2004, New methods to improve effectiveness in process Analysis,
Control Systems 2004, June 14-17, 2004, Quebec City, PQ, where
cumulative COV distribution method (cCOVd = cumulative Coefficient
of Variation distribution) is utilized in off-line monitoring of the per-
formance of the process.

The cumulative COV method (COV, Coefficient of Variation) utilizes a
sliding calculation method for calculating the deviation. The sliding cal-
culation method divides into two steps. First, from the process data
measured from the process within a desired time period T, for example
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during one day, are removed such periods that do not represent the
normal operation of the process, but which are either disturbances
caused consciously by the user or so-called normal transient states,
which are not connected to the steady-state performance of the
process. After this, deviation is calculated from the processed process
data with a sliding calculation window. This takes place so that a win-
dow of a desired period of time, such as one hour, is taken from the
processed process data. This window includes the process data from
the time period in question, and standard deviation and mean value are
calculated from it. A coefficient of variation is calculated from these
values, which is standard deviation over mean value. Thus, one value
is received from the data belonging to the area of the window. The thus
calculated coefficient of variation is placed time-wise at the edge of the
correct calculation window. After this the window is moved forward one
sample and the calculation is repeated. This is repeated until the win-
dow has been slid over the entire calculation period T. From the thus
received coefficients of variation a sliding COV trend as a function of
time is formed, as well as a cumulative COV of the time period T, of
which a cumulative COV curve (cCOVd curve) can be drawn. The cu-
mulative COV curve is formed by arranging the points of the sliding
COV curve in order of magnitude and by calculating the relative num-
bers of the coefficients of variation. remaining below different numerical
values and by scaling the x-axis between 0 to 100 %.

For off-line tracking of the process the cumulative COV curves are
formed for several consecutive time periods T, in which case they can
be compared and earlier deviations in the process can be detected.

A drawback of this method is that as such it is suitable only for off-line
monitoring of the performance of the process and for detecting per-
formance changes in the past. It cannot be used for on-line tracking of
the process and corrective procedures, which would have a direct ef-
fect on the performance of the process, cannot be performed on the
basis of it.
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Summary of the invention

The purpose of the present invention is to provide a method utilizing
cumulative COV, by means of which it is possible to monitor the per-
formance of a paper or pulp production process on-line in real time.

To attain this purpose, the method according to the invention is pri-
marily characterized in what will be presented in the characterizing part
of the independent claim 1.

The system according to the invention, in turn, is primarily charac-
terized in what will be presented in the characterizing part‘of the inde-
pendent claim 17.

The other, dependent claims will present some preferred embodiments
of the invention.

The invention is based on the idea that the sliding deviation of a
controlled variable and its cumulative COV function is calculated con-
tinuously. The characteristics of a cumulative COV function are
described by an approximation line, of which are defined two para-
meters: a parameter describing the slope of the line and the y-coordi-
nate of the intersection point of the line and a pre-selected cumulative
number. With these parameters the performance is shown as one point
on a plane.

The method according to the invention utilizes the cumulative COV cal-
culation method that is known as such, where the deviation of the vari-
able to be controlled is calculated with a sliding window, a cumulative
COV is formed of the deviation values and the cumulative COV func-
tion is shown by a graph. In the method according to the invention a
line is defined between the limit values defined for the cumulative COV
function, where the parameter describing the slope of the line and the
y-coordinate of the intersection point of the line and a pre-selected cu-
mulative number is defined and shown as a signal to the operator.
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The performance calculated from the past of the process itself func-
tions as a reference when assessing the current performance. The
performance can be benchmarked, for example, to the performance
from, for example, the past 24 hours, the past week, the past month, or
any other time of optimum operation of the process. This provides a
clear idea on what the current performance is in comparison to the
past.

An advantage of the invention is that it provides a systematic approach
for performing real-time process analysis in the production process of
paper or chemical pulp. It provides new information on the bottlenecks,
limitations and reference values of the performance of the process.
This, in turn, is utilized when setting the limits of the performance of the
process and when searching control targets from the process. Knowing
the weaknesses of machines used in different applications, i.e. in
manufacturing different grades of paper is an irreplaceable advantage
for operators in their everyday work.

With the method according to the invention it is possible to show in a
simple manner information on the level of deviations of desired process
variables, of the development of deviation and on how the deviations
relate to the previously detected performance. It is possible to show
even large numbers of plane graphs on the same display and the sys-
tem can be constructed as hierarchical. Thus, from the collection view
it is possible to access graphs on a lower level quickly, from which
graphs the development of deviations, as well as the actual process
data can be seen. In addition, the invention facilitates the long-term
visualization, monitoring and assessment of the process.

Brief description of the drawings

In the following, the invention will be described in more detail with
reference to the appended drawings, in which

Fig. 1 shows schematically a paper production process
where the invention can be applied,
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Figs.2aand 2b  show calculation-horizon-specific graphs,
Figs. 3aand 3b  show other calculation-horizon-specific graphs,
where the length of the calculation horizon is dif-
ferent from graphs 2a and 2b,

Fig. 4 shows a cumulative COV curve,

Fig. 5 shows a planar graph used in monitoring the per-
formance of a process,

Fig. 6 shows a qualitative latticed graph used in moni-
toring the performance of a process, and

Fig. 7 shows a control unit in a schematic view.

Detailed description of the invention

In this description and claims the term controllable variable refers to a
directly or indirectly controllable variable in an industrial process, such
as the production process of paper or pulp. The controllable variable
can be a variable that can be directly measured from the process, on
the basis of which it is possible to control the process. Thus, the
controllable variable can be a characteristic of an end product, for
example paper, such as, for example, basis weight, moisture or thick-
ness, or a characteristic of paper or pulp, such as, for example, con-
sistency. It may also be any measurable variable of a paper machine,
such as running speed of the machine, the rotation speed of wires or
felts, or controllable variables of headbox. It may also be some de-
viation variable, such as, for example, the flow of retention agent in the
pulp section, in which case the deviation of the deviation variable of the
flow control of an individual retention agent is monitored. An indirectly
controllable variable is a variable, which cannot be directly measured
or adjusted, but which is monitored or adjusted by means of other
measured variables having an effect on the variable in question. Such
a variable is, for example, retention, which is adjusted, for example, on
the basis of consistency measurement of white water.
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Figure 1 is a schematic view showing a paper machine 1. For the sake
of clarity, figure 1 does not show the actual pulp section of the paper
machine 1, where the paper pulp fed to the paper machine is prepared
of one or more fiber raw materials and different fillers and additives.
The paper machine 1 comprises a headbox 2, from where the paper
pulp is fed to the wire section 3, where a paper web W is formed of the
pulp on the wire 4. The paper web W is led to the press section 5 and
from there further to the drying section 6. From the drying section 6 the
web W is directed to the reel-up 7. Before the reel-up 7 in the direction
of movement of the web W is placed a measurement frame 8, which
measurement frame 8 contains measurement means in a reciprocating
or fixed measurement carriage, which means are used to measure
quality variables of a finished paper web. The paper machine may also
comprise other parts, such as, for example, a surface-size press, a
calender and a coating unit, which are not shown in figure 1 for the
sake of clarity. There may also be several measurement frames 8
placed at suitable locations in the paper machine to measure the
quality variables of the manufactured paper web. Measurement sen-
sors may be placed in connection with other parts of the paper
machine as well, which measurement sensors are not shown in the
figure for the sake of clarity, but which measure variables connected to
the operation of the part in question and/or the quality of the finished
product. The paper production process is controlled on the basis of the
measured variables.

The measurement results measured by the measurement frame 8, as
well as the measurement results received from other measurement
sensors are transmitted fo the control unit 9 via cables 8. The control
unit 9 controls the calculation process and it comprises the necessary
means for forming the parameters to be presented for monitoring the
performance of the production process of paper or pulp. The measure-
ment results can be transmitted to the control unit 9 wirelessly as well,
in which case a transmitter for transmitting the measurement resuits is
arranged in connection with the measurement frame 8 and other
measurement sensors, and a receiver is arranged in the control unit 9
for receiving measurement results. A user interface 10 is connected to
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the control unit 9, by which user interface the operator can monitor the
process and its performance. The control unit 9 and the means com-
prised by it are described later in connection with figure 7.

The user interface 10 is a terminal, for example a display. The display
can be a fixed display, a flat panel display or a personal, portable dis-
play device. It is also possible to use an image reflected on a substrate
as a display. The user interface may also comprise means for pre-
senting audio signals.

Figures 2 to 5 show graphs formed to assist in illustrating the method
according to the invention. They can also be presented in a user inter-
face of the production process of paper and pulp, such as, for example,
on a computer display. The user interface can be built hierarchical so
that only planar graphs illustrating performance and calculated from
different process areas are shown in the same display. Figure 5 shows
such a planar graph. From the display according to figure 5 it is pos-
sible to move to view graphs on a lower level, which present the actual
calculation results from the tracked signal.

The example shown in figures 2 to 5 illustrates an application, where
the performance of a paper machine is monitored by oven dry weight
measured from the paper being manufactured over two different time
periods, i.e. horizons: one and five days backwards from the present
moment.

Figures 2a and 2b show calculation graphs for a time period of five
days, i.e. time horizon T. Figures 3a and 3b show calculation graphs
for the one day time horizon. The time horizons in question are used
for calculating cumulative deviation data. The x-axis of the graphs in
figures 2a, 2b, 3a and 3b is the time axis, which is hours backwards
from the present moment. The y-axis in figures 2a and 3a is the unit of
the monitored variable in question. In addition, the length of the calcu-
lation window used is marked in the figures with a vertical line 35. The
length of the window is the same as the time-wise distance between
the line 35 and zero point. In the case of figures 2a, 2b, 3a and 3b the
calculation window is the time period of one hour backwards from the
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present moment. The length of the calculation window can be selected
according to the application. The graph shown in figure 2a shows raw
and processed data of the oven dry weight of the paper received from
the measurement equipment over five days. The graph shown in figure
3a shows the raw and processed data for one day received from the
same measurement equipment.

Figures 2a and 3a show the process data retrieved from each calcu-
lation horizon, which data is shown in the graphs with a dashed line
and marked with number 11. The calculation needed in connection with
monitoring the performance of the process is performed at desired time
intervals, for example every two minutes, when all the calculation re-
sults are updated. When the desired period of time has passed from
the previous calculation cycle, the measurement data necessary in the
new calculation cycle is retrieved for the calculation module. The calcu-
lation horizon is defined with two parameters, one of which discloses
the length of the calculation horizon, for example one day, and the
other parameter provides the offset of the end moment of the calcu-
lation period backwards from the present moment. This way it is pos-
sible to calculate, for example, deviation data from two consecutive
days and compare these to each other. The data retrieved for the cal-
culation module can be retrieved in so-called increment form, i.e. new
data in relation to the previous cycle is required from only such a time
period as the time difference between the calculation cycles is. At the
same time, unnecessary data is removed from the data structure of the
calculation module itself.

After the data retrieval data processing is performed, i.e. validation on
the basis of desired calculation conditions. From the point of view of
performance tracking it is substantial to detect if critical changes take
place in the status of the process or control. In order to detect these,
such disturbance periods that do not describe the normal operation of
the process or are caused by the user himself must be removed from
the data. Such time periods include, for example, break situations,
transients following breaks and set value changes made by the user,
which always result in transient states. The data remaining after the
process is shown with a solid line in the graph in figure 2a and 3a and
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marked with number 12. When reviewing figures 2a and 3a it is to be
noted that the process data retrieved from each calculation horizon, the
so-called raw data that is marked with dashed line 11, extends over the
entire calculation horizon. In the presentation of this example the vali-
dated data after the process is marked with a solid line 12. The raw
data 11 in the graph is the data removed in the calculation.

Coefficients of variation COV are calculated from the processed data,
which coefficients are shown as function of time, i.e. COV trend in the
graphs of figures 2b and 3b and marked with number 13. The COV’s
are calculated with a sliding calculation method, with a window of a de-
sired length. In the examples of figures 2a, 2b, 3a, 3b the calculation
window is one hour. Calculation of COV's takes place so that the cal-
culation window is moved over the processed data in the calculation
horizon. This can be illustrated so that the calculation window is
thought to be moved over the curves 12 of the graphs in figures 2a and
3a. One data point, i.e. coefficient of variation, is defined at the point of
each movement of calculation window, which coefficient of variation is
the standard deviation of the data within the window over the mean
value of the data within the window. The time stamp of the right edge of
the calculation window, i.e. the latter edge time-wise, is provided as the
time coordinate of this relative coefficient of variation. If there are re-
jected time periods within the calculation window, no result for the time-
wise location of the calculation window in question is provided from the
sliding calculation. The coefficients of variation form a first set of data
points, which can be presented as a COV ftrend, i.e. coefficient of
variation curve 13. The newest point of the COV trend 13 time-wise is
calculated from the data limited by the line 35 and zero point. Pre-
senting the COV trend to the operator in a user interface is not neces-
sary from the point of view of calculation, but from the point of view of
examining performance they are a substantial part of interpreting the
other graphs presented in the user interface.

Cumulative COV graphs, which are shown in figure 4, are formed of
the first sets of data points formed above. This takes place so that all
the accepted COV's received from the calculation horizon are arranged
in an order of magnitude according to their numerical value and the
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relative numbers of the COV’'s remaining below different numerical
values are calculated. Another set of data points is formed from the
relative numbers of the COV's as a function of the COV value.
Graphically this means that the COV values are plotted in an
ascending order and the x-axis is scaled between zero and one
hundred. The curve 14 shown in figure 4 shows the cumulative COV
curve of the five day calculation horizon and curve 15 the one day cal-
culation horizon. The unit of the x-axis is percentage from the cumu-
lative COV. The y-axis is a numerical value of COV, which is a non-
qualitative number.

Next, a first and a second limit value are defined for the cumulative
COV curve. It is possible to define as limit values any two numbers that
are unequal and between 0 and 100. In this example 20% is defined as
the first limit value and 80% as the second limit value. The lower one of
the limits means that 20% of all calculation horizon COV remains below
the COV numerical value in question. On the other hand, only 20% of
the results of the COV calculation exceed the numerical value of the
80% upper limit.

If desired, these limit values can also be illustrated in the graphs of
figures 2b and 3b, as has been done in the present example. A straight
line 16 is drawn in the graphs of figures 2b and 3b, which describes the
80% limit value for the CQOV trend points within the visible calculation
horizon. Curve 17 describes the past values of the 80% limit of the
COV trend from past points of time. The 20% limit value of the calcu-
lation moment is marked with a straight line 18 and its past trend with a
curve 19.

In cumulative graphs 14 and 15, also the latest result provided by the
COV calculation is shown by symbol 20. In other words, the y-coordi-
nate of the location of the symbol 20 is the COV value calculated from
the data of the calculation window of the length of the last hour. With
the color of the symbol it is possible to provide information on the mag-
nitude of deviation, for example so that when certain limit values are
exceeded, the color of the symbol changes. If desired, the symbol is
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not shown at all, for example when no acceptable value is available
from the COV calculation.

If desired, it is possible to provide the reliability of the COV calculation
in the graph, for example by a line type of a cumulative graph. If, for
example, the COV calculation has provided more points than 70 % of
the maximum amount, the cumulative graph can be presented as a
solid line. Decreased reliability of calculation can be shown, for
example, by using different line types or colors.

The form of the cumulative COV provides a great deal of information
on the nature of deviation of the variable being examined. The slope of
the cumulative graph shows the fluctuations in performance during the
calculation horizon. A high cumulative slope may suggest that the cal-
culation horizon includes good and bad periods from the point of view
of performance. A gently sloping middle part of the cumulative graph is,
in turn, typical for such calculation horizon data where the performance
has been approximately the same all the time. The y-direction plane of
the cumulative graph shows the average deviation level within the cal-
culation horizon. A clear step shape in the cumulative function is a sign
that the calculation horizon includes either several time periods, when
the deviation level is clearly larger than the other area, or a clear in-
crease has taken place in the deviation level a short time ago. The lat-
ter is visible so that the location of the step moves to the left in the
figure as time passes.

The invention utilizes these characteristics connected to the form of the
cumulative COV graph so that an approximation line is drawn for the
cumulative graph, which line travels between the first and second limit
values of the cumulative graph. From this line it is possible to define a
parameter describing its slope and a y-coordinate for the point where
the line and some cumulative value pre-selected from between the first
and the second limit values, i.e. the cumulative number intersect. The
cumulative number is some number selected on the x-axis from
between 0 and 100%. It is selected between the above-defined first
and second limit values. The parameter describing the slope of the line
can be, for example, the angular coefficient of the line, or if fixed limit
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values are used in the calculation, it can be, for example, the difference
Ay between the y-coordinates of the end points of the line. Thus, two
parameters are provided, from which it is easy to conclude the general
level of performance, and the possible deviation of performance. These
two parameters can also be easily shown as a point on a plane, as will
be pointed out later.

In this example the approximation lines 21 are drawn between the 20%
and 80% limits of the cumulative curves 14 and 15. 50% cumulative
number is selected as the coordinates of the y-point. In evaluating
performance, the angular coefficient of line 21 and its y-coordinate at
the point where the line 21 and the 50% cumulative number intersect
are used.

In addition in the graph of figure 4 a limit value has been drawn with a
dashed line 22, which describes a good performance of the process,
when the measured and adjusted variable is the oven dry weight of the
paper being manufactured. As can be seen from the figure, in this
example only 20 % of the process run time has remained below this
line within the time horizon of one day.

The above-mentioned parameters can be presented to the operator in
the user interface in various ways. The signal shown to the operator
can be a curve generated on the basis of the parameters of the line, a
column graph, a color scale, a text that is spoken or shown in the user
interface, or an acoustic signal. In the present example the signal is
shown as a point in the planar graph, where the parameters of the line
approximations of the cumulative graphs of the COV trends calculated
from two different calculation horizons are drawn, i.e. the parameter
describing the slope of the line and the y-coordinate of that point,
where the line and a pre-selected cumulative number intersect, on a
plane. This graph is shown in figure 5. The y-axis of the graph is the y-
coordinate of the intersection point of the line approximation and the
selected accumulation number, and the x-axis is the angular coefficient
of the line approximation. The parameters of the line provided by the
one-day calculation horizon are marked with a circle 23 and the cor-
responding five-day parameters are marked with a square 24.
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COV calculation is performed continuously in the control unit 9. Calcu-
lation samples, i.e. raw data is collected from the process at certain,
predetermined intervals, for example every five seconds. Each raw
data sample is processed calculatorily according to the above-pre-
sented procedure. As time passes the points 23 and 24 move on the
plane according to the calculation results. In order to provide a clear
idea on how the points 23 and 24 have moved on the plane in time as
the calculation progresses, their paths are drawn in the graph, the time-
wise length of which paths is the same as the length of the calculation
horizon being used. The paths describe the development of the de-
viation of process variables in the selected calculation horizons. In the
figure the path of the circle 23 is shown with curve 25 and the path of
the square with curve 26.

In the above-described example the parameters describing the per-
formance of the process had been calculated with two different calcu-
lation horizons in relation to the variable being controlled and the points
received from this calculation have been placed in the same planar
graph. This way the development of the state of the process can be
easily benchmarked in real-time while the process is running. Naturally,
it is possible to calculate and describe the position and path of more
controllable variables as well with a planar graph. Naturally, it is pos-
sible to calculate and describe the position and path of one or more
controllable variables with only one or more than two calculation ho-
rizons.

From the mutual locations and movement of the points as a function of
time it is now easy to conclude how the average level of the per-
formance has developed with different calculation horizons and which
direction they are headed. Figure 6 shows a representation of the per-
formance of a process, which can be utilized in evaluating the per-
formance of the process.

In figure 6 the above-described xy-plane is divided into quarters A, B, C
and D, which describe the performance of the process. It may change
significantly during the calculation horizon. For example, if the angular
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coefficient increases when the horizon is moved, the point moves to
the right on the plane, in which case variations of performance within
the calculation horizon increase and the process can be described as
more unstable than before. Upward movement of the point shows that
the average performance drifts to a level that is poorer than the
previous one.

It is also possible to present on the plane a point from some fixed cal-
culation horizon, which does not move with real time. This type of time
period can be selected, for example, from such time frame where the
performance of the control has been detected being excellent and
which thus represents the performance of the process at its best.

It is possible to form a summary of the overall state of the process and
the development of deviations on different process areas by collecting
several planar graphs from the parameters of approximation lines on
the same display. With these it is easy and quick to detect on which
process areas the deviations have begun to increase if there are
problems. This way, those process areas whose operation should be
examined more closely can be quickly located, either from the lower
plane graphs or by means of normal process analysis.

The reliability of calculation is one calculated parameter. If rejected
time periods are located within the sliding calculation window, this
causes breaks in the calculation of COV trend as well. In order to
evaluate the reliability of calculation, the relative portion of COV trend
points of the maximum amount within the calculation period is cal-
culated. This variable describing reliability can be presented in the
graphics shown in the user interface by, inter alia, different line types.

The invention can also be applied for calculating on-line alarms relating
to deteriorating process trends, developing performance problems or
quality of the end product and disturbances having a negative effect on
it.

The control unit 9 comprises means for performing the operations of
the method according to the invention. Figure 7 shows more closely a
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control unit 9, which includes means 27 to 32 for calculating and
defining the parameters necessary for monitoring the performance of
the process. The steps of the above-described method can be per-
formed by a program, for example a micro processor. The means can
be composed of one or more micro processors and the application
software comprised by them. In this example, there are several means,
but the different steps of the method can also be performed in a single
means.

The control unit 9 comprises collection means 27, which collect the
process data measured by the measuring devices 8 or the measure-
ment sensors. The collection means 27 can also comprise means for
processing the collected process data. The control unit also includes
first means 28, i.e. validation means, which remove from the process
data measured by the measuring devices 8 those time periods, which
do not represent the normal operation state of the process, and second
means 29, i.e. calculation means for first data points, which means cal-
culate with a sliding calculation method a set of first data points, i.e.
coefficients of variation (COV) from the process data received from the
first means 28. Further, the control unit 9 includes third means 30, i.e.
formation means for second data points, which means form a set of
second data points from the first data points calculated in the second
means 29, which data points describe the cumulative curve of the co-
efficients of variation (COV).

In addition, the control unit 9 comprises fourth means 31, i.e. limit value
determining means, which determine a first and a second limit value for
the cumulative curve of the coefficient of variation (COV), which first
and second limit values define a line between them, as well as fifth
means 32, which define a parameter for the line describing its slope,
and the y-coordinate of the intersection of the cumulative number se-
lected from between any first and second limit value of the line and the
line.

The means 27 to 32 included by the control unit perform the pro-
cedures defined for the means 27 to 32 again within certain time inter-
vals, in which case the location of the point in the plane is updated. The
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user interface 10 shows both the parameter describing the slope of the
line, and the y-coordinate of the intersection point of the cumulative
number selected between any first and second limit value of the line
and the line as a signal, as well as the updated point as a different up-
dated signal, in which case changes in the signal can be detected.
From the signal and its change it is possible to conclude the per-
formance of the process and changes in the performance within time.

The invention is not intended to be limited to the embodiments pre-
sented as examples above, but the invention is intended to be applied
widely within the scope of the inventive idea as defined in the ap-
pended claims.
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1. A method for monitoring the performance of a paper or pulp produb—
tion process, which method comprises the following steps:

a)

b)

c)

d)

collecting data connected to at least one controllable variable of
the process from the process,

removing from the process data collected in phase a) at least
one period that does not represent the normal operating state of
the process,

calculating from the process data received from phase b) with a
sliding calculation method a set a first data points,

forming of the first data points calculated from phase c) a set of

" second data points, which describe the cumulative COV coeffi-

cients of variation (COV),

characterized in that

e)

f)

g)

a first and a second limit value are defined for the cumulative
curve of the coefficients of variation (COV), which limit values
define a line between them,

a parameter describing its slope is defined for the line and a y-
coordinate of a point on the line between the limit values, in
which point the line and a pre-selected cumulative number in-
tersect, and

the parameter describing the slope of the line defined in phase
f) and the y-coordinate of the point defined between the limit
values is presented as a signal for deducing the performance of
the process.

2. The method according to claim 1, characterized in that phases a) to
f) are performed again within set interval, the signal is updated and the
change of the signal is presented in a user interface.

3. The method according to claim 1, characterized in that the first data
points are coefficients of variation, which describe the coefficient of
variation curve formed with a sliding calculation method.
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4. The method according to claim 1, characterized in that at least one
directly or indirectly controllable variable of the process is measured
continuously from the process.

5. The method according to claim 1, characterized in that measured
process data is collected continuously.

6. The method according to claim 1, characterized in that a pre-de-
termined time horizon is used in collecting and processing process
data measured from the process, which time horizon has at least a de-
fined length, which is backwards from the present moment.

7. The method according to claim 1, characterized in that the first and
second limit value of the cumulative curve of the coefficients of
variation (COV) are defined between 0 and 100% so that the limit
values are unequal.

8. The method according to claim 1, characterized in that angular co-
efficient of the line is used as the parameter describing the slope of the
line.

9. The method according to claim 1, characterized in that the first and
second limit value of the cumulative curve of the coefficients of
variation (COV) are defined as fixed and the difference Ay of the y-co-
ordinates of the end points of the line are used as a parameter de-
scribing the slope of the line.

10. The method according to claim 1, characterized in that the first
data points are calculated by a sliding calculation method so that:

- a calculation window of a desired length is selected,

- the standard deviation of the data within the window over the

mean value of the data within the window is calculated,

- the calculation window is moved over the data processed in the
calculation horizon,
the calculation is performed again.
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11. The method according to claim 1, characterized in that a set of
second data points is formed by arranging the coefficients of variation
(COV) in the order of magnitude and the relative amounts below dif-
ferent numeric values are calculated.

12. The method according to any of the preceding claims 1 to 11,
characterized in that at least two cumulative curves of coefficients of
variation (COV) with different time horizons are defined simultaneously.

13. The method according to any of the preceding claims 1 to 12,
characterized in that the signals defined for different time horizons are
shown in the same user interface.

14. The method according to claim 1, characterized in that the
controllable variable is a variable that can be measured or caiculated in
the process for producing paper or pulp, on the basis of which variable
it is possible to control the process.

15. The method according to claim 1, characterized in that the signal
shown in phase f) is one of the following: a curve generated on the
basis of the parameters of the line, a column graph, a color scale, a
text that is spoken or shown in the user interface, or an acoustic signal.

16. The method acco'rding to claim 1, characterized in that the pa-
rameter describing the slope of the line defined in phase f) and the y-
coordinate of the point defined between the limit values are presented
as a point in the plane.

17. A system for monitoring the performance of a process for producing
paper or chemical pulp, which system comprises:
- measurement devices (8) for measuring process data relating to
at least one controllable variable of the process,
- collection means (27) for collecting process data relating to an
controllable variable of the process,
- a user interface (10) for presenting signals relating to monitoring
the performance of the process, and
- acontrol unit (9), which control unit (9) comprises
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a) first means (28) arranged to remove from the collected
process data at least one period that does not represent the
normal operation state of the process,

b) second means (29) arranged to calculate with a sliding calcu-
lation method a set of first data points from the process data
received from the first means (28),

c) third means (30) arranged to form a set of second data
points from the first data points calculated in the second
means (29), which second data points describe the cumu-
lative curve of the coefficients of variation (COV),

characterized in that

in addition, the control unit (9) comprises

- fourth means (31) arranged to define a first and a second limit
value for the cumulative curve of the coefficients of variation
(COV), which limit values define a line between them,

- fifth means (32) arranged to define a parameter describing its
slope for the line, and the y-coordinate of some point on the line
between the limit values, in which point the line and a pre-se-
lected cumulative number intersect,

and that the user interface is arranged to present the parameter de-

scribing the slope of the line and the y-coordinate of the point de-

fined on the line between the limit values as a signal for concluding
the performance of the process.

18. The system according to claim 17, characterized in that the means
(28, 29, 30, 31, 32) comprised in the control unit (9) are arranged to
perform the procedures defined for the means (28, 29, 30, 31, 32)
again at certain pre-defined intervals, to update the signal and to pre-
sent the change of the signal in the user interface.

"19. The system according to claim 17, characterized in that the first
data points are coefficients of variation, which describe the coefficient
of variation curve formed with a sliding calculation method.

20. The system according to claim 17, characterized in that the
measurement devices (8) are arranged to continuously measure at
least one controllable variable of the process directly or indirectly.
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21. The system according to claim 17, characterized in that the collec-
tion means (27) are arranged to collect measured process data con-
tinuously.

22. The system according to claim 17, characterized in that a pre-de-
termined time horizon is arranged to be used in collecting and
processing process data measured from the process, which time ho-
rizon has at least a defined length, which is backwards from the pre-
sent moment.

23. The system according to claim 17, characterized in that the fourth
means (31) are arranged to define a first and second limit value of the
cumulative curve of the coefficients of variation (COV) between 0 and
100% so that the limit values are unequal.

24. The system according to claim 17, characterized in that a para-
meter describing the slope of the line is the angular coefficient of the
line.

25. The system according to claim 17, characterized in that the first
and second limit value of the cumulative curve of the coefficients of
variation (COV) are defined as fixed and the difference Ay of the y-co-
ordinates of the end points of the line are used as a parameter de-
scribing the slope of the line.

26. The system according to claim 17, characterized in that the
second means (29) are arranged to calculate first data points with a
sliding calculation method so that:
- a calculation window of a desired length is selected,
- the standard deviation of the data within the window over the
mean value of the data within the window is calculated,
- the calculation window is moved over the data processed in the
calculation horizon,
- the calculation is performed again.
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27. The system according to claim 17, characterized in that the third
means (30) are arranged to form a set of second data points by ar-
ranging the coefficients of variation (COV) in the order of magnitude
and calculating the relative amounts below different numeric values.

28. The system according to any of the preceding claims 17 to 27,
characterized in that the system is arranged to define simultaneously
at least two cumulative curves of coefficients of variation (COV), which
have different time horizons.

29. The system according to any of the preceding claims 17 to 28,
characterized in that same user interface (10) is arranged to present
the signals defined for different time horizons.

30. The system according to claim 17, characterized in that the
controllable variable is a variable that can be measured or calculated in
the process for producing paper or pulp, on the basis of which variable
it is possible to control the process.

31. The system according to claim 17, characterized in that the signal
presented in phase f) is one of the following: a curve generated on the
basis of the parameters of the line, a column graph, a color scale, a
text that is spoken or shown in the user interface, or an acoustic signal.

32. The system according to claim 17, characterized in that the user
interface (10) is arranged to present the parameter describing the slope
of the line and the y-coordinate of the point defined between the limit
values as a point in the plane.
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