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I. INTRODUCTION

At present computer-aided decision making systems for complex multiphase manufacturing processes
are being developed very intensively [1, 2]. The complex nature of these processes requires the development of
a cascade control circuit when parameter values are transferred from one production stage to another one. The
technology of continuous cast billet production including steelmaking, steel refining and continuous casting can
be considered as a multiphase manufacturing. Despite a great number of papers dealing with the study of the
technological processes mentioned above, there are still some urgent problems to be solved [3]:

— data feedback is provided only for the organizational manufacturing structure which is unable to influence
the manufacturing practice;

— the current control system lacks algorithms which make it possible to carry out real time monitoring of
technology changes within one batch on the basis of the data gathered in the integrated data bank;

— there are no decision making algorithms based on the technological information about the process behavior
and product quality.

The measure of stability of a number of heats is the quality of the final product. In this paper by the
quality of the final product we mean the degree of internal macrodefects development of a billet. Macrodefects
are formed due to the factors influencing liquid metal or a solidifying billet on all production stages. Among
such factors one can mention the structure of raw materials (ratio of burden materials for steel-melting
furnaces), metal temperature during tapping, content of chemical elements in steel, billet withdrawal rate,
coolant consumption, etc. [4]. Development of multifactor relationships for predictable final product quality is
unpractical as such relationships will contain some unquantifiable factors as well as factors of different nature
and the value range of these factors might differ from each other hundreds or thousands times, etc. Besides the
increase of the empirical model size does not improve the accuracy of result prediction [5].

Some theories and methods have been developed which make it possible to make decisions in complex
processes on the basis of decision trees. The methods of decision making on the basis of tree-type structures
offer the following advantages [6, 7]: fast learning process; generation of rules in the fields where experts find it
difficult to give form to their knowledge; intuitive classification model; steady operation of the method even in
case of violation of tentative assumptions included in the model; an ability to process a body of information
without any special preparation procedures; high computational scalability.

The subject of the research is the processing chain of continuous cast billet production which includes
electric arc steel-making furnaces, ladle furnace units, billet continuous casting machines of radial and curved
types operating in the electric steel-making shop of OJSC «Magnitogorsk metallurgical plant».

The authors aimed to study the information support, mathematical support and software of the second
level automatic control system of continuous cast billet production.
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Il. THE STRUCTURE OF THE ADAPTIVE FUzzY DECISION TREE WITH DYNAMIC STRUCTURE

In order to provide feedback in the automatic control system of continuous cast billet production the
authors developed adaptive fuzzy decision tree with dynamic structure. The aim of tree-type structure
development is to define the path of control transfer on each stage of continuous cast billet production. Taking
into account the fact that each kind of defects can be formed on each production stage with different probability,
it was decided to develop a fuzzy decision tree.

The attributes of the tree are the values of metrological parameters of production units of the processing
chain. The list of the used parameters is given in the table.

Table: The List of Attributes Defining the Structure
of the Adaptive Fuzzy Decision Tree with Dynamic Structure

Production unit Attribute Value range
Content of chemical elements in burden materials, % Percentage
Content of chemical elements in steel after tapping, % Percentage
Arc steel-making furnace Weight of lump ferroalloys, kg _ 250 — 4500
Weight of supplementary materials, kg 5000 — 10000
Weight of carbon-bearing materials, kg 100 — 1500
Weight of liquid iron in the ladle, t 10-80
Content of chemical elements in steel , % Percentage
Metal temperature after refining, °C 1500 - 1700
Ladle fumace Argon consumption for blowing, m°h 0-72
Weight of added aluminum wire rod, kg 1-1500
Metal temperature in the tundish, °C 1480 — 1600
Billet continuous casting machine | Billet withdrawal rate, m/min 1-5
Water consumption rate on the wide mold walls, m*min 48-55

I1l. MATHEMATICAL BASICS OF THE ADAPTIVE FUzzY DECISION TREE
WITH DYNAMIC STRUCTURE
Common algorithm C4.5 [8, 9] is used in the paper to develop decision trees. Adequate decision
making by means of fuzzy trees is based on the membership functions of the example in the value set of each
attribute. The authors suggest that expert knowledge should be used to develop membership functions of the
attributes described above. The graph of membership function of defect size to three values is given in Fig. 1.
After developing a fuzzy decision tree according to C4.5 algorithm, using membership function and
training examples the authors cut brunches leading to erroneous decisions and test the obtained tree on the
correctness of decision making [10]. Testing is carried out using the model sampling of examples.

IV. ADAPTATION ALGORITHM AND DYNAMICS OF FUzzyY DECISION TREE STRUCTURE

After each estimation of continuous cast billet macrostructure the initial data forming the tree is
supplemented by new information and on the basis of this information the process of adaptation of calculated
values of the tree model parameters is carried out (Fig. 2). Because of the changes in parameters the tree model
can also change its structure. After the changes the tree is tested on adequacy. The obtained tree adapts better to
the updated technological conditions. The dynamic nature of the structure makes it possible to estimate the real
value of each attribute in the process of continuous cast billet production. The example of the possible hierarchy
of an adaptive fuzzy decision tree with dynamic structure is given in Fig. 3.

Efficient parameters of production units control are defined in the process of moving along the tree
from the leaf to the root with obtaining a qualitative assessment (Fig. 4).
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Fig. 1. The Graph of Membership Function of Defect Size
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Fig. 2. Algorithm of Additional Learning and Reconfiguration of the Adaptive Fuzzy Decision Tree with
Dynamic Structure
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Fig. 3. Hierarchy of an adaptive fuzzy decision tree with dynamic structure
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Fig. 4. Algorithm of Parameters Selection in the Adaptive Fuzzy Decision Tree with Dynamic Structure

V. CONCLUSION

Thus, in this paper the authors managed to:
prove that it is necessary to provide feedback for automatic control system of continuous cast billet
production, making it possible to correct the technology of batch production on a real time basis;
determine the structure of adaptive fuzzy decision tree with dynamic structure taking into account the set
of available metrological equipment which makes it possible to provide control action on the ongoing
process;
develop adaptation algorithm and dynamics of fuzzy decision tree structure making it possible to perform
software implementation of the module for the decision-making block of the cascade automatic control
system of continuous cast billet production.
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