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Abstract:
Today paper is to find everywhere, and the production factories always need to increase the
productivity if they want to stay competitive. Stora Enso Kvarnsveden has one of the biggest
magazine paper machines in the world, which produces around 1900 meters of paper per
minute. The production process is highly automatized, which reduces the number of operators
that work on the machine. Still, process variations can cause brakes in the paper web and lead
to loss of income, energy and paper production. It may also have a direct impact on the paper
quality. This report is focusing the following question:
How to keep the Paper Machine production process under controlled conditions?
To make a data analysis fully relevant, we need to use the most important variables of the
machine. By analyzing these data some unexpected behavior and variation of process values
can be pointed out. The analyzing tool needs to be fast and portable, and therefore a software
system has been developed. By comparing process data with reference data this software can
make a powerful analysis.
The created software is intended to be used either by operators or engineers. The most
important results are collected in a file. In this text file, the comparison function gives the
results which are stored in a CSV-format. Furthermore, an auto-update function allows the
users to run it automatically. Graphical presentations are supporting the interpretation of the
results.
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Concepts and/or abbreviations
IDE
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OOP
CU
CPU
CSV

- Integrated Development Environment
- Relational Database Management System
- Object Oriented Programming
- Control Unit
- Central Processing Unit
- Comma-Separated Values
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1- Introduction
Paper is everywhere in our life even since the development of electronic and computerized
information tools. To meet the needs and stay competitive, the paper industry always needs to
develop and for example increase the productivity. The machines are becoming even more
powerful, but even so problems occur and unexpected constraints can create problems in the
production line. To solve the problems, long maintenance stops cost time and money.
1.1

Background

Stora Enso is one of the biggest producers of printing paper in the world. The company has
many big customers around the world such as Ikea and Carrefour. At Kvarnsveden mill, near
Borlänge, mainly Super-Calendared magazine paper is produced. In 2005, the most recent
paper machine PM 12 was inaugurated. This is one of the biggest paper machines in the world
in terms of production about 1400 tonnes/day with a speed of 1900 m/min.
One of the main problems faced by the operators and engineers, working on PM 12, is
connected to the brakes in the paper web and the quality failures. These are mainly caused by
uncontrolled process variations, which for example can be a pressure variation of the pumps.
Therefore, a user-friendly tool for analysis of important process variables is of high
importance for paper machine operators.
In this report, the theory around the thesis work will first be explained, including the
databases, the OOP (Object Oriented Programming language, use to develop software)
language and the paper machine process. A big part of this report will next be allocated to the
analysis software development, the data analysis and the comparison function. Finally, the
results will be presented with an explanation of the most common cases of data variation.
Finally, this report will also present proposals for future improvements for the software.
1.2

Purpose

The purpose of this thesis work is to develop a tool which can help the paper machine
operators to keep the process under control and stable conditions. As described in Figure 1,
three types of problems can be defined. Each of those problems cause either a loss of
production, energy or income.

Figure 1: Thesis pupose schematic. Three problems cause by a process variation.
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To keep the process under controlled conditions, the data produced by the machine needs to
be analyzed and consequential actions to be taken. There is a huge amount of data produced
every second by the control systems of the machine, and it is not possible to treat the data
without help of computerized tools. Since the PM12 machine has around 30,000 variables a
selection of the most important variables is needed. Some of the variables contain less
important information and it is not realistic for operators and engineers to process all the
variables on regular basis.
1.3

Limitations

The first limit encountered in this thesis work is a reduction of the amount of data to work
with. Because it is not relevant to work with all of the variables, the engineers of the PM12
machine have been asked to establish a list of 200 variables for research.
Furthermore, the project scope was not clearly defined at the beginning of the work. The
intended user of the developed tool changed to be the engineers and operators. This lead to a
change of the project boundaries and created a loss of time.
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2- Theory
The purpose of this thesis work, is to analyze process data to prevent process variation. To do
this, the coming data from the PM12 paper machine needs to be treated and analyzed.
Because data is stored in different databases and an important part of this work is about
extracting data. The following theory will explain what is a database and a relational database.
The machine process concept which is used in this thesis work, is also described. The
development software Microsoft Visual Studio was used to ensure a better compatibility with
the Stora Enso’s computers.
2.1

Database

A database is a tool that allows you to store and view the gross data or information related to a
topic or an activity. Most of the databases are structured by a master software that allows
access and modification of it.
The Figure 2 represents different locations around the world. Each city is associated with a
tag called ID which represents it inside the database. Then all the associated information to
the city is added under the following ID.

cID
1
2
3

cName
Berlin
Tokyo
Moscow

cNbOfInhabitant
3,711,930
13,617,444
12,330,126

cCountry
Germany
Japan
Russia

cSeaSide
No
Yes
No

…

…

…

…

…

Figure 2: Database example with cities

2.2

Relational database

Another type of database, which uses the Oracle technology, is a relational database. Contrary
to the huge amount of data stored as files, the RDBMS (software that manage the database)
stores the data in a tabular form with rows and columns, and connects multiple databases
together.
The tables used by RDBMS are called relations, the row and column names are respectively
called tuple and attribute [1]. RDBMS operation is based on an identifier: the primary key [2].
This identifier is the only link between the databases: it identifies the tuples (1 for Berlin, 2
for Tokyo and so on …). At Stora Enso Kvarnsveden they connect their multiple databases
together using this technology.
The following example represents a relational database. The primary key in the Figure 3 is
the ID, it could also be called foreign key. Each database has its own ID key, and they are all
linked together to make the communication clearer and more efficient.
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For the thesis work a direct communication to the database system was not allowed due to
access security reasons. Another solution was needed to be found.

Figure 3: Relational databse example

2.3

Paper machine process

At the PM 12 in Kvarnsveden the furnish consists of mechanical pulp, calcium carbonate,
clay, some chemical pulp and some chemical additives. The paper machine is defined in 3
sections followed by calendars, as seen in the Figure 4:
-

The forming section where the paper web is initially dewatered and
stabilized.
The press section where a big part of the water is further extracted from the
paper web.
The drying section that is a chain of successive cylinders taking off the water
contained in the paper web to a specified level (about 10% water content).
The calendaring section where the paper is perfectionated and getting
glossier and a smoother surface. This section is a separate process separated
from the previous three process steps.

Forming
section
Calendaring
section
Drying section
Press section
Figure 4 : Paper machine with its different sections [4]
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The PM12 paper machine is fully automatized and powered by an ABB system. To prevent
unwanted process variations, it is though not possible to focus on all the variables. Three
requirements are defined for development of an efficient tool.
Firstly, the QCS (Quality Control System) variables. Those variables are coming from two
measuring system all along the production line. They contain information about the paper
quality before and after the calendaring section. These variables allow us to meet one of the
requirements for the thesis subject: the quality failures problems.
Secondly, the 200 most important variables for the machines. Despite the 30,000 variables
some contain information which is more vital than others. By analyzing and processing those
variables it is possible to see variations for the whole process. The process variations which
may or not cause brakes can be identified and prevented.
Finally, a pattern file with the correct variables behavior. With this file, it is possible to
compare results from a bad process with a good process and define the differences that have
caused the problem.
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3- Data analysis
The 30,000 variables of the machine are stored with specified frequencies in a database called
MIS. Recent changes in the database management software make the direct connection
impossible. Another way to get access to the data had to be found.
3.1

The databases communication

The paper machine control systems send variables information to the database MIS (or IP.21).
This database only stores and manages all the sensor and actuators values of the PM12
machine. Then, a second database called KEPS is connected to MIS and has direct access to
the values. On the operator side, all the information about paper quality, production and
maintenance are entered in KEPS. To communicate and get any data from the machine, MIS
is the hub that transfers the data to KEPS and the operator (Figure 5).

Figure 5: Stora Enso database structure

As shown above, the necessity of having a structured relational database makes the
transmission of information more structured. This concept can be applied to the different
Stora Enso paper machines.
Because a direct access to the database is not possible another solution has been developed.
Thanks to an Excel macro and an add-in provided by the database company it is possible to
read the values in the database. But this is not a real-time communication.
3.2

Database analysis

After getting the variables value from the database, the software will analyze them to detect
any suspect variations or changes of global mean values. The next step would be to find
correlations with the process variations.
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Some suspect behaviors are already known by the engineer, but by changing some settings in
the production process new problems can appear. The software can make two analyses. A
point by point analysis where all the points from the suspect period are compared with all the
points from the pattern file. The second analysis is an analysis of averages where the mean
value of all the points of a suspect variable is compared with its pattern mean.
The Figure 6 is coming from the software developed within this thesis work and represents
the 200 most important values of the PM12 machine for one day. During one day, a variable
can have different behaviors. That’s why a short time period analysis is more accurate,
because the problems can be found and pointed out more easily by the software.

Figure 6: 200 variables with a one day time range

Chart plotting benefits to the understanding of the variables in a sense of a global view. For
instance, whether there is an offset on a variable, then the observation will lead to a pertinent
analysis. The tool has the purpose of denying the misinterpretations of how the variables
really behave.
The C# chart component is including an option allowing the user to pin point the curves and
know exactly their values, variable names, and the min-max values. The implementation of
this tooltip provides an accuracy that is necessary for the operator to understand the paper
machine in detail.
3.3

CSV Reader/Comparator

The purpose of creating a tool that treats and processes the data coming from the database
MIS is to make the visualization of the variables clearer. The software has 3 main functions:
- One that stores the data in a data grid
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- One that uses this data grid to plot the variables as curves
- A last one that compares the variables from two different files
A user manual is provided as an appendix to this report, and it includes specifications about
the software. This software has been made from scratch. It is made to be compatible to all
Windows versions after Windows Vista. This is made possible by the library NET that
ensures a global compatibility. The functions of this software are not based on recent
Windows changes. A non-update version of Windows can still run it. Nevertheless, some
graphical modifications can appear
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4- Method
The main purpose of this thesis work is to assist the operators and engineers to keep the paper
production process under controlled conditions and it has led to the creation of a software for
analysis of process variables. The use of the tool should lead to improved production
efficiency and quality improvements.
Depending of license regulations for a software such as MATLAB to develop a tool based on
such a system cannot be an option at all. Since a development software such as the Microsoft
Visual Studio one is used to create this tool instead, the limits are only restricted by the
project duration.
4.1

Development tools

Two Microsoft softwares are necessary to develop this solution, Excel to create and extract
files and Visual Studio to create the tool. An Excel macro developed by a Stora Enso engineer
allows us to get the data from database within a specified time range. The next step was to
convert the previous results to a format used by our software.
The second software is an IDE: Microsoft Visual Studio. The coding part is done in this
software with the computing language C#. Thanks to Dalarna University, the last version of
this software was provided allowing everyone to access the new facilities and options such as
code refactorization, fast debugging, improvement of visibility. Whereas, the explicit human
machine interface that offers a whole designing accessibility to the user must get its own
instantiation. It means that despite of a toolbar providing the necessary tools such as text
boxes or labels, the executable methods and functions must be written from scratch.
4.2

UML diagram

An UML diagram of the program structure is important when several classes are created and
used together. It makes the global structure of the project more understandable.

Figure 7: UML diagram of the software
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In Figure 7, the block in the middle-top called Form1 and it contains the main fuctions of the
project, where actions take according to the object events. Blocks in UML diagram are
classes, they need to be connected to allow different possibilities for the software. Indeed,
each class is an own function.
All the other classes are related to this Form1 which is a form that has the role of generating
the small widgets such as the chart, the data tables or/and the settings.
The tool is a CSV reader first, therefore the output of the Excel function should be under the
same format (.csv).
The classes implemented around the principal form have a specific role:
-

CCSV is the class that analyzes the CSV file and store the content of it in a
table structure called DataGridView.

-

CChart is the class that plot values from the DataGridView. It also allows
the zoom and the mouse position information inside the chart.

-

Settings1 and Settings2 are the classes that managed the curve selection
inside the chart. They also to change the plot points style (marked points
function).

-

CComparison is the class that make the comparison of two CSV files and
distinguishes the variations of the curves.

The software is made in different classes, but it is possible to group everything in a main
class. This method allows the code to be clear. Moreover, the uses of classes allow the
developer to re-use them to instantiate more than one object. The word “instantiate” refers to
the action of calling a class and create an instance of this under the form of an object.
To update a function inside the software for example the CSV reading one, the use of class
allows the user to only change the class. And not to develop again all the main one.
4.3

Human machine interface

A human machine interface is a window that makes the links between the user and the
hardware. In this thesis, the link is made between the software and the database with the help
of the comparison function.
The more the software structure is optimized the more the user experience will be fluid and
pleasant. This is done by limited the complex structure in the code and trying to avoid
redundant functions. Forms are important in terms of instantiation time saving and they
reduce the error which is a part of the human nature. The simplicity of interacting with an
interface suits perfectly with the aim of time saving, whereas the process is running.
Each time the user connects and import data through the software, objects are created. They
consume memory and CPU capacity. By managing them and destroy them the global answer
speed of the application is increased. Only having a fast application doesn’t make the use of
the software system easy and immersive, the graphics and the disposition of the components
need to be intuitive. In Figure 8 the startup window of the software is shown, where the
components are placed in a simple way.
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Figure 8: Software interface

4.4

Calculations

A data grid works like matrix cells: there are columns and rows. The first step of the
extraction from a CSV file is the filling process. Indeed, each value separated by a comma in
the CSV file is stored in one cell of the data grid. For instance, the first value is put in the case
‘a1,1’ (Figure 9).

a1,1

a1,2

a1,3

…

a2,1

a2,2

a2,3

…

a3,1
.
.
.

a3,2
.
.
.

a3,3
.
.
.

…
.
.
am,n

Figure 9 : Matrix table example

When a file is imported the CSV class of the program will managed everything. It will first
open the file inside the program launch an importation of all the data and start reading them.
After the file is closed it is not possible to change values in it instead of re-writing the
complete file. A common statement in every language of computing is used to deal with the
table reading. This statement is a for-loop. The operating principle is simple, and it was made
to reduce the repetitions of code writing in programs.
However, reading exceptions can be important in this type of process. If a cell is empty in the
original file it can crash the application. Indeed it is not possible to put a 0 in the missing cell,
it can falsify all the results of the comparison. The solution is put the next or the previous
value of the column in the missing cell. The value format can be different depending in the
country settings of Excel. The solution was to import value in function of the country settings.
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Figure 10 : Correspondance of two different code blocks into a same result

As shown in the Figure 10, the for-loop is useful to reduce the time saved by writing code.
Nevertheless, the hidden necessity to use for-loops is that instead of adding a constant
variable such as ‘6’ like in Figure 10 above, we can define an integer variable, so a number
that takes the value of the length of the data grid view.

Figure 11: Data grid view with 3 variables

The Figure 11 is an example of the data grid view as it is presented in the software. The first
column always contains the date time of each variable. The date is not considered as a value
in the code but as a date time object. This makes the graph more powerful and avoids errors.
The right column contains the name of the variable and all values connected to the variables.
The variable name is not set in the date time column since all the values came from the same
period. It is possible to put a variable from a different period in the same grid.
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4.5

Chart drawing

The previous part describes the values contain inside the grid, the time and the values for each
variable. But a clear way to understand them is to use a chart. It is easier to see variation or to
know the state of the process.
In the chart the number of variables is defined by the number of column and divided by two.
The odd rows are the date/time values and the even ones are the values of the variables. The
Figure 12 is a graphic from our software where X axis represent the time and the Y one the
values. To print data inside the chart the same method as the CSV is used.

Figure 12: Chart example

The most interesting part of having a chart is to see the variations not only during a moment,
but during an entire day. Afterwards, the charting tool facilitates the observation of the
comparisons done between two CSV files. Indeed, two days of production cannot be similar,
but the aim is to make them be similar, then the paper making process would be more stable.
Therefore, comparing two CSV files from two different days would contribute a lot to the
understanding of the breaks occurring during the production time.
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5- Results
In this section, the comparison results from the software will be explained. Firstly, the work
results and secondly, the results related to the calculations done in the methodology part
explained before. The results are based on several running of the software due to the different
optimization of the comparison function. Therefore, the debugging process contributed a lot
to make the results more accurate, without any failure.
5.1

Work results

A manual application of the tool is the current best existing option. It means that the
extraction of the data from the databases is done by hand through the provided Excel
software. Afterwards, the tool made in C# would analyze the CSV file created by the Excel
tool. Therefore, from a computer already having access to the databases, it might be feasible
to make a script in VBA (Visual Basic Application) from the Excel to automatically update
the defined list of 200 variables every 12 hours for example.
Paper production has an economical and a commercial aspect which is strongly affected by
the number of breaks in paper web. When a paper break occurs, it is possible to fix it by
sticking the two-teared part of the paper roll. In this way the paper can be “saved” and not
rejected. But customers usually allow the paper company to have at maximum 2 reparations
per roll, which means that web brakes must be well separated in time to allow the rolls to be
delivered. Thus, it may happen from time to time that produced paper is rejected. This paper
will be dissolved so that the paper pulp and pigments can be used again. But there is a loss in
production time and the energy used for the rejected paper is wasted and in this way directly
affected by the breaks. Fortunately, Stora Enso uses at least 97% of its production wastes for
recycling. Even though, the energy wastes to fabricate again paper webs cannot be refunded.
So, the simple fact of reducing the chances to have paper breaks affects a lot the whole paper
process, the marketing part as well as environmental impact. Indeed, the saving of energy and
wood is important and must be treated seriously.
5.2

Calculations

In this section, the results from the comparison function will be explained. First, a good
production day should be used as a reference file, so the comparison with the file including
the deviant behaviors of the variables would make sense.

Figure 13: Compairson of the same variables between two days
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In Figure 13, two different curves are plotted. The red one is supposed to be the reference
curve and the other one is the deficient curve. Since there are several variations on the pink
curve and a clear offset compared to the reference curve, the pink one is deficient and might
lead to a break or a loss of energy.
The software is also able to calculate the mean of the curves, and display the suspect curve if
a mean is a lot higher than the comparison file curve.
The results are either shown as text files or CSV files, in that case it’s easier to visualize the
differences or similarities.
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6- Discussion
The work done at Stora Enso has the purpose to reduce the process variations. The approach
to meet the purpose was made by a comparison software. This method can be applied to all
different field and industries that managed a huge amount of data. The software can be
updated with a lot of improvements to make it more powerful.
6.1

Result discussion and application of the study

The results shown are promising and efficient. Moreover, the compatibility to all version of
Windows is intended so that the user doesn’t even need to install anything else, the whole
application works efficiently through an executable file.
The auto-run function’s expectations were not in priority. Whereas, having a system that
doesn’t need any human interaction with the process was one of the aim in this thesis work.
An Excel tool already accesses it without any difficulty, why not adding a writing function
that updates the values transmitted to the CSV reader tool within a defined period.
The comparison option is undeniably working well if it’s used efficiently. Indeed, supposing
that the user compares the 200 variables, but he creates 2 files and the only thing that changes
is the period of data extraction: the differences are then very interesting to analyze.
Although, the tool to bring to front the curves having a certain percentage of variation is an
improvement already put in place and it’s very useful because the breaks could be related to
the variations.
6.2

Method applicability/sources of error

The complete method part of this study is applicated to the work done: the software realized
at the end is the final tool to visualize the data. Unfortunately, the limitations of the user’s
computer could be a deciding argument to crash the software, at least slow it down. To use the
software at is full capacity an update computer is required. An improvement of the software
with recent and stronger tools can limit this problem and make it usable at full capacity even
with old computers.
The consequent number of data had been treated by a disposing operation to deal with the
possible slowness of the tool. Also, one parameter that can possibly interfere with the running
process would be the speed of the database to actualize the values of the variables, but this is
not depending on the CSV reader.
6.3

Future work

An important improvement on the data treatment and analysis is to get rid of the pattern file.
It is possible by including a small artificial intelligence which determine the normal behavior
of the curve. Then when a frequency variation, high peaks or low dips occur it will detect the
variation. This work can be added to the current comparison function easily thanks to the code
structure which is modular and adaptive.
The following example in Figure 14 represents a frequency variation with peaks and dips.
The challenge of the artificial intelligence would be to detect it.
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Figure 14: Detection with artificial inteligence example

Another improvement is the real-time analysis of the data coming from the paper machine
PM12. This concept is existing already several factories but since the data in the current study
is tremendously large, the real-time analysis could only work on a restricted number of
variables.
Another further work could be the implementation of a library of chart drawing already
existing called Lightening Chart. This special C# library can draw curves in 2D, 3D and has
the option use different techniques of chart drawing.
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7- Conclusion
To get a project of this span done, several aims and issues were given. At end, the created
software answer perfectly to the Stora Enso requirements. By analyzing data from a database
and storing it in data grid views and charts, the understanding of the paper machine is
improved. In addition, the comparison function is allowing the user to know exactly what
happened by pointing out the deviant variables. This tool will help the operators to try to
reduce the number of paper web breaks and do energy saves, production saves and money
saves indirectly.
Moreover, the aim of having a process that keeps the system under control has been reached.
By reducing the losses of energy and the losses of production due to breaks, the paper
machine’s income is indirectly affected by these changes.
Finally, some improvements such as an artificial intelligence that detects more than value
variations could be implemented to the system within the future.
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