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The Use of Data Mining for the Optimization of the Control Model of the
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The paper presents basic data mining tools for optimizing the control model of the reheating furnace. It highlights
data pre-processing as an important step in the data mining process mainly due to the frequent manifestations of
technological indiscipline and problems with scanning the operating values of reheating furnace; its control system
collects for the purpose of monitoring a number of operational data and its databases are as simple as possible;
each trend is usually stored in a separate table. The aim of the paper is to demonstrate the possibilities of
pre-processing data from the walking beam furnace in order to make them suitable for subsequent use for
estimation parameters for the model chosen to refine the predictive properties of the selected model. These planned
activities should also lead to the fulfillment of certain parts of the national program Industry 4.0 in the area of
creating a "digital enterprise".
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Prispévek predstavuje zakladni néstroje data miningu pro optimalizaci /idiciho modelu ohrivaci pece. Akcentuje
predzpracovani dat jako diilezZity krok v procesu data miningu hlavné kviili castym projevizm technologické nekazne
a problémy se z&znamem provoznich hodnot ohsivaci pece. Cilem tohoto prispévku je demonstrovat moznosti
predzpracovani dat z krokové pece, aby byly vhodné pro nésledné pouziti odhadu parametr: zvoleného modelu ke
zpresneni prediktivnich vlastnosti vybraného modelu.

Monitorovaci a ridici systémy shromazduji za Ucelem sledovani /adu provoznich dat. Tyto systémy buduji své
databéze tak snadno, jak je to mozné; kazdy trend je obvykle uloZen v samostatné tabulce. Udaje v tabulkach jsou
ukladany podle dvou zakladnich principi, a to bud’ pravidelné v nastaveném casovém intervalu, nebo po urcité
udalosti, jako je napriklad zména hodnoty promeénné. To ale vede k nadbytecnosti (duplicité). ReSenim by mohlo byt
uloZeni kaZzdé referencéni promenné v samostatné tabulce. Mnoho systéms pouZiva své vlastni mechanismy pro
ukladani dat, které kombinuji oba pristupy, tj. pravidelné ukladani dat a ukladani hodnot proménnych jen pri jejich
zmeneé.

Z vysledkiz modelovani je pak jasné patrné, Ze koncept kombinujici data mining z provoznich dat a vyuziti
genetickych algoritmi pro nastavovani parametr:ii modelu prinesl ocekévany vysledek. V budoucnosti Ize ocekavat,
Ze tento postup bude pouZzit pro dalSi technologie a jejich modely; s cilem vytvorit jejich digitalni podobu tak, aby
mohly byt pouzity pro dalSi optimalizacni aktivity, resp. pro dalsi funkce. Tyto planované aktivity by rovnéz mély

vést k napliiovani nekterych casti narodniho programu Primysl 4.0 v oblasti vytvoreni "digitalniho podniku”.

Kli¢ova slova: data mining; genetické algoritmy; ohrivaci pec

Data mining is a general term for various methods of trend is usually stored in a separate table. Data in the
data analysis which frequently use artificial intelligence.  tables are stored according to two basic principles,
The process of data mining is based on tabulated or either periodically after a preset time interval, or after
alternatively arranged, usually like blind dates. It acertain event - change of a variable value. This,
concludes by finding knowledge (patterns) contained in  however, leads to redundancy. A solution could be to
these data, which are expressed in a simpler and clearer  store each reference variable in a separate table. Many
form, and which can be used more easily in dealing with  systems use their mechanisms for storing data that
future situations than the original data. combine both periodic data storage and storage
management using a change of value. These data must
be pre-processed before the deployment of data mining

[1].

Monitoring and control systems collect for the purpose
of monitoring some operational data. These systems
construct their databases as simply as possible; each
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1. Data Acquisition and Pre-Treatment of
Data

From the scanned data it is necessary to select those that
are important for further processing and possibly to
derive additional data that describe the environment of a
heated continuously cast slab (position, the temperature
of the furnace environment in a given position).
Furthermore, it is necessary to select the appropriate
continuously cast slabs from the database to determine
the times of moving the continuously cast slab from one
position to the next position and to assign to these
events the corresponding flow rates of the heating
medium and the temperature..

The next step (using genetic algorithms) is to determine
the constants that indicate the direct contribution of heat
generated by the combustion of the heating medium and
the contribution, which forms a heat transfer between
the furnace lining and the heated continuously cast slab.
The already mentioned use of genetic algorithms is
described in the next chapter [2].

2. The Use of Genetic Algorithms

Genetic algorithms (GAs) represent powerful search
algorithms that perform an exploration of the search
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space that evolves in analogy to the evolution in nature.
The power of GAs consists in the fact that they need
only objective function evaluations. So derivatives or
other auxiliary knowledge are not used. Instead,
probabilistic transition rules of deterministic rules and
handling a population of candidate solutions (called
individuals or chromosomes) that evolves iteratively are
used. Each iteration of the algorithm is called
a generation. The evolution of a species is simulated
through a fitness function and some genetic operators
such as reproduction, crossover and mutation [3].

The fittest individuals will survive generation after
generation, while reproducing and generating offspring
that might be stronger and stronger. At the same time,
the weakest individuals disappear from each generation.
Individuals must be encoded in some alphabet, with
binary strings, real numbers, vectors and other. In a
practical application of genetic algorithms a population
pool of chromosomes has to be installed and they can be
initially randomly set. In each cycle of genetic evolution
subsequent generation is created from the chromosomes
in the current population. The cycle of evolution is
repeated until a termination criterion is reached. The
number of evolution cycles or a pre-defined fitness
value can set this criterion.

The
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of the model
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\

Y

Phase 2: The use of genetic algorithms

)

Use of Data Mining to optimize the control model

Fig. 1

Data preparation and application of genetic algorithms. (Source: our own processing)

Obr.1 Priprava dat a aplikace genetickych algoritmu. (Zdroj: vlastni zpracovani)

The principle of genetic algorithms is that in the initial
phase a default population (generation) is generated;
each of these populations is characterized by a specific
combination of genes that determine ultimately the

behaviour of the examined model. They can, therefore,
be considered as parameters of a general criterion
function, which is later used to select the individuals of
an appropriate generation. Choosing the most
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appropriate individuals within the meaning of criterion
values through crossbreeding methods, or mutations
create a new generation containing the same number of
individuals, however, with modified genes. These, in
turn, are used to evaluate the criterion function, and the
process is repeated until the set-point of the behaviour
of the objective function (model) is reached. This shows
the cycle on the right side of the figure (see the left side
of the Fig. 1. [4].

The result (using genetic algorithms) is the
determination of constants, which specify the direct
contribution of heat generated by the combustion of the
heating medium and the contribution, which forms a
heat transfer between the furnace lining and the heated
continuously cast slab. This part was solved using
genetic algorithms, however, without the application of
the principles of data mining genetic algorithms would
be unable to assign the input data correctly at
appropriate times to be input into the selected dynamic
model.

The selected data (Fig. 2) about the flows of combustion
media in each zone are computed in the block named

gas and zones. The furnace temperature is read from the
table temperature furnace; in the block model it is
compared with the material temperature and the
difference between these two values are put to the port
labelled error. From this value, the—square roots are
computed and they are integrated during the whole time
of a simulation. At the end of the simulation, the value
is stored into a variable named pow_sum_err.

This value represents the value of the criterion function
for the next usage in the genetic algorithm program.
Parameters for the block model are set by the genetic
algorithm. In general, the block model implements the
system for solving the heat transfer between the furnace
atmosphere and the heated material, the heat generated by
the combustion of gas and the heated material, and finally
the transmission determining the relation between the
quantity of gas in the zone and usable heat [5].

Criterion function is determined as the sum of squared
deviations between the modelled temperature of the
heated material and the actual measured temperature.
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Fig. 2  The structure of the model of heating in a heating furnace. Source: (our own processing)
Obr. 2 Struktura modelu ohfivani v ohtivaci peci. Zdroj: (vlastni zpracovani)

Fig. 3 shows the result which was obtained by
procedures outlined above; curve 5 was obtained by
data mining methods. The temperature from the
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individual thermocouples in the furnace was converted
to the temperature of the furnace environment above the
appropriate continuously cast slab.
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Fig. 3  The temperature curve. Source: [6]
Obr. 3 Teplotni kiivka. Zdroj: [6]

At the time of 20 000 — 25 000 seconds, the temperature
at the thermocouple of the continuously cast slab was
decreasing even when the temperature of the furnace
environment above the continuously cast slab was
almost constant. Therefore, using genetic algorithms the
system sets the parameters of the model which take into
consideration not only the temperature of the furnace
environment, but also the contribution resulting from
burning of gas in the zone.

Conclusions

It is evident from Figure 3 that offsetting the influence
of the current input of the zone progress simulated and
measured temperatures are nearly identical. From the
results of modelling, it can be concluded that the
concept of combining the data mining operational data
and use of genetic algorithms for adjusting parameters
of the model, which in this case was 28, brought the
expected result. In the future, it may be expected that
this procedure will be applied to other technologies and

their models to create their digital models so that they
can be used for the subsequent optimized solution of the
problem with varying outlined criterion functions [7].
These planned activities should also lead to the
fulfillment of certain parts of the national program
Industry 4.0 in the area of creating a "digital enterprise."
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Vyrobci ploché oceli planuji zvyseni cen

Stahl Aktuel

09.01.2017

Po dlouhé Ziznivé cesté planuji brazilsti vyrobci ploché oceli Cia Siderdrgica Nacional, Usiminas a ArcelorMittal
zvySovani cen. Oznamuje to agentura Reuters s odvolanim na znalce odvétvi. V planu je zvysit ceny referen¢nich
vyrobki Sirokych pasi, valcovanych za tepla a jemného plechu jesté v lednu o 8 az 10 %. Ceny pozinkovanych plechi

maji ale ziistat stejné.

Prebyte¢né kapacity: likvidaéni plany by mohly byt k dispozici pied oslavou

Nového roku

Stahl Aktuell

16.01.2017

Piebyte¢né kapacity v ¢inském ocelarském pramyslu by mély v roce 2017 dale klesat. Tak ¢inska vlada podle Gdaja
Commerzbank planuje mimo jiné uzavieni ilegalnich vyroben, které jsou zodpovédné za cca 40 mil. tun oceli rogng.
Kromég toho by mély byt do poloviny roku uzavieny veskeré vyrobny, které zpracovavaji méné hodnotny ocelovy Srot.
PostiZzeny maji byt rovnéz podniky, které nedodrzuji statni piedpisy o ochrané Zivotniho prostiedi.
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