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Аннотация. В статье рассматривается разработка информационно-моделирующей системы оценки нестабильности функционирования 

доменной печи. Представленный подход базируется на применении математических моделей и методов анализа параметров доменного 
процесса, что позволяет оценивать влияние технологических и организационных факторов на стабильность работы печи. Разрабо-
танная система предназначена для автоматизированного сбора, обработки и анализа данных в реальном времени, а также прогнози-
рования технологических отклонений. В основе методики лежит использование интегральных показателей стабильности, включая 
технико-экономические характеристики плавки, свойства сырья, параметры дутьевого, газодинамического, теплового и шлакового 
режимов. Для расчета интегральных показателей применяется совокупность контролируемых и расчетных признаков, ранжированных 
по степени значимости. Основные модули системы включают функциональные блоки сбора данных, расчетов, анализа и визуализации. 
Архитектура системы реализована на основе клиент-серверного подхода, что обеспечивает возможность интеграции с существую-
щими системами управления металлургическим производством. Практическая реализация системы позволяет улучшить показатели 
производительности доменной плавки, снизить колебания параметров технологического процесса и повысить качество получаемого 
чугуна. Приведенные примеры расчетов подтверждают эффективность разработанного инструмента. Представленные результаты 
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Abstract. The article discusses the development of an information modeling system for assessing the instability of a blast furnace. The presented 

approach is based on the application of mathematical models and methods for analyzing the parameters of the blast furnace process, which makes 
it possible to assess the impact of technological and organizational factors on the furnace stability. The developed system is designed for automated 
collection, processing and analysis of data in real time, as well as forecasting technological deviations. The methodology is based on the use of inte-
gral stability indicators, including the technical and economic characteristics of smelting, the properties of raw materials, the parameters of blast, 
gas dynamic, thermal and slag modes. To determine the integral indicators, a set of controlled and calculated features is used, ranked according 
to the degree of significance. The main modules of the system include functional blocks for data collection, calculations, analysis and visualiza-
tion. The system architecture is implemented on the basis of a client-server approach, which provides the possibility of integration with existing 
metallurgical production management systems. The practical implementation of the system makes it possible to improve the performance of blast 
furnace smelting, reduce fluctuations in the parameters of the technological process and improve the quality of the resulting cast iron. The above 
calculation examples confirm effectiveness of the developed tool. The presented results may be useful for the specialists in the field of blast furnace 
production automation, as well as for the researchers involved in analysis and forecasting of instability of technological processes. 
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 Introduction

The development of information and control systems 
for blast furnaces aims to create an efficient management 
framework that ensures stable production while minimiz-
ing costs. These systems must account for technological 
requirements and the specific features of the equipment. 
To support the advancement of an automated system for 
analyzing the operating parameters of individual furnaces 
and the  blast furnace shop as a whole, an information 
modeling system is being developed to  assess process 
instability in blast furnace operations [1].

Fluctuations in charge composition  [2 – 4] and smelt-
ing parameters  [5 – 7] can significantly impact furnace 
performance. These variations affect the composition and 
temperature of  the  hot metal and lead to  pressure losses 
in the  burden’s gas column. As a result, key parameters 
may exceed the limits defined by hot metal quality require-
ments and the  need to  maintain steady furnace opera-
tion under varying counterflow conditions [8; 9]. Several 
factors directly influence the  furnace’s thermal state and 
the resulting temperature and composition of the hot metal. 
These include the iron content in the charge, moisture and 
ash content of the coke, blast air temperature and humidity, 
natural gas consumption, the ratio of iron-bearing materials 
to coke, and their distribution at the furnace top [10 – 12]. 
Variations in these parameters lead to fluctuations in the fur-
nace’s thermal balance, causing deviations in the average 
silicon content and temperature of  the  hot metal. Insta-
bility in the  smelting process, especially when using 
iron ore feedstock with variable chemical composition, 
can significantly degrade the  quality of  the  molten blast 
furnace products. For example, reference data [5] show 
that reducing fluctuations in sinter basicity (CaO/SiO2 ) 
by  ±(0.075 – 0.100) units can increase blast furnace pro-
ductivity by 1.5 % and lower specific coke consumption 
by 0.8 %. 

The total potential benefit of reducing variability in blast 
furnace parameters is estimated at a 5 – 6 % reduction in 
coke consumption and a 9 – 10 % increase in producti
vity. Moreover, a 0.1 % reduction in the standard deviation 
of iron content in the burden results in a 0.28 % decrease in 
coke consumption and a 0.29 % increase in productivity [2]. 
Organizational factors that affect the process include furnace 
downtime, idle running, regularities in burden charging, 
and tapping schedules. The impact of  some of  these fac-
tors remains poorly studied and is proposed to be evaluated 
using empirical data [13 – 15]. These include the mechani-

cal and physicochemical properties of  raw materials and 
coke, as well as gas distribution within the furnace. Assess-
ing their influence requires further research and develop-
ment of mathematical process models.

Existing systems often lack the precision or flexibility 
to  fully account for all factors affecting operational sta-
bility. This highlights the need for advanced information-
based modeling systems capable of  handling multiple 
variables and providing real-time analysis of  blast fur-
nace instability.

 Algorithmic support of the information
 

modeling system

To assess the smelting process stability, the following 
key integral indicators (B1 ) have been developed:

1. Technical, economic, and technological perfor-
mance indicators of smelting (В1 ).

2. Indicators of  raw material properties (iron ore 
materials, coke, fluxes) (В2 ).

3. Indicators of blast and gas dynamic modes (В3 ).
4. Indicators of the thermal mode (В4 ).
5. Indicators of the slag mode (В5 ).
6. An integral indicator of blast furnace operating sta-

bility based on В3 , В4 , В5 , characterizing the blast, gas-
dynamic, thermal, and slag modes (ВBF ).

7. Final stability indicator of raw material properties 
and overall blast furnace operation (Вfinal ).

The types and number of features used in the assess-
ment depend on the specific integral indicator being cal-
culated.

In addition to controlled (measured) parameters, the sta-
bility assessment incorporates a set of  calculated para
meters that describe the  blast conditions, gas dynamics, 
thermal and slag modes, and the technological parameters 
of blast furnace smelting, as detailed in [16 – 18]. 

The approximate number of features used for evalua
ting each integral indicator is provided in the Table.

For a given time interval of  blast furnace operation, 
the root mean square (RMS) deviations ΔXi of both cont
rolled and calculated features are used as input data for 
computing each integral indicator (B1 ). 

Under stable operating conditions, the RMS deviation 
ΔXi of the i-th feature – used to characterize furnace sta-
bility during the specified period – must not exceed a pre-
defined threshold value , which is a model setting:

могут быть полезны для специалистов в области автоматизации доменного производства, а также для исследователей, занимающихся 
анализом и прогнозированием нестабильности технологических процессов. 
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		             	 (1)

If condition (1) is satisfied (“True”), the  i-th feature 
identifier Рi is assigned a value of 1; otherwise (“False”), 
it is assigned a value of 0. All features are then ranked. 
Each feature is assigned a normalized rank value Ri , 
ranging from 0 to 1, determined using an expert evalu-
ation method.

The stability of  blast furnace operation for each 
of  the  integral indicators Bj is calculated using the  fol-
lowing relationship:

	             	 (2)

where n is the  number of  features associated with 
the given integral indicator Bj .

If the  resulting value of Bj exceeds 80 % (according 
to normative and reference data), the furnace operation is 
considered stable with respect to that indicator. 

If Bj falls within the range of 60 – 80 %, the furnace 
operation is assessed as unstable with respect to that indi-
cator.

If Bj is below 60 %, the  blast furnace is considered 
to have operated in an unstable mode for the correspon
ding integral indicator.

To determine the overall stability criteria for furnace 
operation and process conditions, the following integral 
indicators are calculated: 

– the integral indicator of blast furnace operating sta-
bility ВBF , based on В3 , В4 , В5 , characterizing the blast, 
gas-dynamic, thermal, and slag modes:

	             	 (3)

– the final stability indicator of furnace operation:

 Key system requirements

Key system requirements are as follows:
– automated data collection: the  system must auto-

matically collect real-time data on blast furnace opera
ting parameters;

– real-time visualization: the  system must present 
analysis results in the form of graphs, tables, and charts 
that are easy for operating personnel to interpret;

– seamless integration: the  system should integrate 
smoothly with the  plant’s existing process control sys-
tems.

 Functional modeling of the information
 

modeling system

The design of  the  information modeling system 
is based on functional modeling methodology and 
the  IDEF0 graphical notation for structured analysis 
and design. The IDEF0 method is founded on the SADT 
(Structural Analysis and Design Technique)  [19 – 21]. 
The model, developed using the  Ramus Educational 
software package  [21], consists of  more than 50 blocks 
across four levels of decomposition. These blocks define 
the system’s key functions, the relationships among func-
tional units, the control inputs, and the execution mecha-
nisms for each function.

 Architecture of the information modeling
 

system

The architecture of the developed information mode
ling system for assessing blast furnace operation instabi
lity is shown in Fig. 1. The system is divided into small, 
independent blocks  – modules  – each implementing 
a  functionally complete segment of  the  program. This 
modular approach allows the functionality of  individual 

Number of features used to calculate the stability indicators of the furnace operation

Количество признаков, используемых для расчета показателей стабильности работы печи

Designation Indicator
Number of features

Controlled Calculated Total
В1 Technical, economic, and technological performance indicators 6 6 12
В2 Raw material properties (iron ore materials, coke, fluxes) 16 0 16

Blast furnace stability indicators
В3 Blast and gas dynamic modes 9 10 19
В4 Thermal mode 4 7 11
В5 Slag mode 6 4 10

Total features 41 27 68
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components to  be updated without requiring changes 
to  the  entire system, enhancing its reliability and sca
lability. The modules are implemented using mathemati-
cal libraries and classes [22]. 

The information modeling system includes the  fol-
lowing modules:

– input module for entering the  permissible values 
of the RMS deviations and the feature ranks ( , Ri );

– computation module for calculating the  arithmetic 
means and RMS deviations of  parameters characteriz-
ing the  technical, economic, and technological indica-
tors of  smelting; the  properties of  raw materials (iron 
ore materials, coke, and fluxes); as well as the blast, gas-
dynamic, thermal, and slag modes; 

– module for calculating stability scores of blast fur-
nace operation for each integral indicator Bj , the overall 
stability indicator ВBF , and the  final stability indicator 
Вfinal ;

– analysis and output module for processing and pre-
senting the results. 

The output from the calculation modules is analyzed 
and presented in both numerical and graphical formats. 

The  system also provides the  option to  generate and 
export reports in Microsoft Excel format.

 Software implementation
 

of the Information modeling system 

The software implementation of  the  information 
modeling system is based on a client–server architec-
ture, designed to  to enable seamless integration with 
existing enterprise software and facilitate data exchange 
via an API (Application Programming Interface)  [23]. 
The client–server model follows a classic three-tier archi-
tecture consisting of  the  presentation layer, application 
layer, and data layer. 

The presentation layer is implemented using high-
level web technologies: JavaScript, HTML5, and CSS 
(Cascading Style Sheets). The visual design is built using 
the Bootstrap framework, and the user interface is deve
loped with the UmiJS and React libraries. Graph plotting 
is handled by Ant Design Charts. This layer is supported 
by the  users’ computing resources  – specifically, their 
web browsers.

Fig. 1. Architecture of the information modeling system for assessing the instability of a blast furnace

Рис. 1. Архитектура информационно-моделирующей системы оценки нестабильности функционирования доменной печи
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The application layer is developed in C# using 
the ASP.NET Core MVC framework and the .NET 8 plat-
form [24]. ASP.NET Core handles user requests through 
a  middleware pipeline, which includes the  following 
components. 

Error handling middleware, which enables the  sys-
tem to  signal software-related issues when exceptions 
occur, and to  continue functioning properly, including 
correctly displaying web pages in cases such as database 
connection failures, calculation algorithm errors, and 
other similar situations.

Authentication middleware, which integrates 
the standard ASP.NET Identity mechanism for authenti-
cation and authorization into the information system and 
manages user accounts.

Session middleware, which processes temporary user 
data during system usage.

Web API middleware, which incorporates the routing 
system, dependency injection, model binding, and data 
validation.

The data layer consists of  a database and software 
components for managing read/write access. The system 
uses PostgreSQL as the  database management system. 
Communication between the  application and the  data-
base is handled via Entity Framework Core, which uses 

ORM (Object-Relational Mapping) technology. ORM 
allows developers to work with data as objects or classes 
in object-oriented programming languages and to  build 
virtual database schemas. Input of  initial blast furnace 
operation data for a given time period can be carried out 
either through the API and integration with the blast fur-
nace process control systems (PCS) or manually.

 Description of the information modeling
 

system software functions

The developed software module provides the follow-
ing capabilities: 

1. Selection of operating periods via a calendar inter-
face, with the  option to  set the  data averaging interval 
(hour, shift, day, week, or hot metal tapping period).

2. Selection of  one or more blast furnaces to  be 
included in the analysis.

3. Calculation of average values and RMS deviations 
for a set of operational indicators.

4. Presentation of analysis results in an intuitive for-
mat, including tables and histograms; individual blast 
furnaces can be assigned distinct colors for baseline and 
comparison periods.

5. Notification of out-of-range values, with customi
zable alerts configured for all or selected blast furnaces.

Fig. 2. Fragment of a web page for assessing the instability of technical, economic and technological indicators of a blast furnace

Рис. 2. Фрагмент веб-страницы оценки нестабильности технико-экономических и технологических показателей доменной печи
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Fig. 3. Fragment of a web page for assessing the instability of raw material properties (iron ore materials, coke, fluxes) 

Рис. 3. Фрагмент веб-страницы оценки нестабильности свойств сырья (железорудных материалов, кокса, флюсов)

Fig. 4. Fragment of a web page for assessing the instability of indicators of blast and gas dynamic modes of a blast furnace

Рис. 4. Фрагмент веб-страницы оценки нестабильности показателей дутьевого и газодинамического режимов доменной печи
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Fig. 5. Fragment of a web page for assessing the instability of thermal mode indicators

Рис. 5. Фрагмент веб-страницы оценки нестабильности показателей теплового режима

Fig. 6. Fragment of a web page for assessing the instability of slag mode indicators
 

Рис. 6. Фрагмент веб-страницы оценки нестабильности показателей шлакового режима

Figs. 2 – 6 show fragments of the system’s web inter-
face illustrating the  modeling results of  blast furnace 
instability assessment.

For the analyzed period, the modeling results indicated 
stable operation with respect to technical, economic, and 
technological indicators, raw material properties, blast 
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and gas dynamic modes, and the  slag mode. However, 
instability was observed in the thermal mode. The values 
of the integral indicators exceeded 80 %, indicating ove
rall stable operation of the blast furnace.

 Conclusions

Using modern information technologies, an informa-
tion modeling system has been developed for evaluating 
the instability of blast furnace operation. The system sup-
ports automated data collection and processing, and cal-
culates a set of parameters that characterize the technical, 
economic, and technological performance of the smelting 
process, raw material properties, and the  thermal, blast, 
and gas dynamic modes, as well as the processing of mol-
ten blast furnace products.
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