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Abstract: Vanadium-titanium magnetite, as a strategic resource, its efficient smelting is of vital import-
ance to China's steel industry. During the smelting process of vanadium-titanium magnetite, problems
such as low recovery rate of titanium in the ore, insufficient intelligence of the process flow, high diffi-
culty in optimizing blast furnace smelting technology, and lack of comprehensive energy intelligent
management are faced, which affect its product upgrading and capacity improvement. Digital twin tech-
nology can help achieve process optimization, equipment research and development, and intelligent
control throughout the entire production process of vanadium-titanium ore steel by building an intelli-
gent system that integrates the virtual and the real. At present, the relevant research is still in the explor-
atory stage, with few research achievements and a lack of systematicness. For this purpose, the connota-
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tion and development history of digital twins were introduced. The research hotspots of digital twins in
the production process of vanadium-titanium ore steel were systematically sorted out. The relevant re-
search results and engineering practices were summarized, and the future development trends of digital
twin technology were prospected, providing research ideas for subsequent researchers to promote the
application of digital twin technology and enhance the utilization of characteristic vanadium-titanium re-
sources and the intelligent manufacturing level of steel in China.

Key words: digital twin, vanadium-titanium ore, steel production process, intelligent manufacturing, in-

telligent energy management
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Fig. 2 The core components of digital twins
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Table1 Comparison of multi-source heterogeneous data sources in steel mills

Feature dimension PLC data

DCS Data

SCADA Data Others

Data sources Production-line controllers

Data types Boolean, integer

Milliseconds
Equipment interlocking
&fault diagnosis
Local cache
(circular buffer)
Modbus, profibus

Data frequency

Typical uses

Data storage
Communication protocols
Heterogeneity challenges Inconsistent protocols

Application examples
in steel industry

Rolling-mill E-stop
signals, motor speed

Distributed control systems
Float, analog
Seconds-minutes

Process parameter optimization

Real-time database

OPC UA, foundation fieldbus
Large volume & time-
series processing
Dynamic adjustment of BF
hot-metal composition

Supervisory layer MES/ERP, lab testing
Structured tables,
unstructured images
Minutes-days
Quality traceability

&scheduling

Mixed types

Seconds-hours
Plant-wide visualization,
alarming, reporting

Relational database Data warehouse/hadoop

OPC DA, TCP/IP HTTP/REST, MQTT
Multi-system interface  Difficult fusion of structured
compatibility &unstructured data

Steel surface-defect
image recognition

Energy dashboard, overall
equipment effectiveness
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Fig. 3 The development process of blast furnace mechanism models
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Fig. 4 The blast furnace smelting process of vanadium-titanium magnetite
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