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Abstract: To address the issue that existing platforms focus on equipment access, data aggregation, and business system
integration, a five-layer architecture of “object perception —~network data — model decision-making —control execution —business
management” was constructed. Compared with the typical five-layer technology stack of “field layer —edge layer —IaaS —PaaS —
SaaS” and the organizational architecture of ten major business systems, this framework further clarified three types of
operating time scales, seven closed-loop links, and two types of feedback channels for production and quality. Analysis shows
that intelligent mines are evolving from single-machine automation to cross-process and multi-equipment collaboration, but
overall they are still dominated by local closed loops, and the feedback of product quality information to upstream production is
insufficient; inconsistent data semantics, insufficient model generalization ability, non-standardized task interfaces, and
imperfect cross-equipment safety interlocking remain the main problems restricting large-scale application. To this end. based
on a unified object model and digital thread, it was proposed to advance mechanism-data fusion, cloud-edge-terminal
collaboration, and a task-driven safe autonomous closed loop, in order to promote the whole industry chain collaboration of
planning, production, control, and product quality.
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Fig.1 Overallarchitecture of the entire intelligent mining industry chain
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Table 1 Key levels, technologies, and closed-loop functions of the entire intelligent mining industry chain
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Fig.2 Cross-process collaborative relationships oriented toward production tasks
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Table 2 Comparison of applications and effects of intelligent manufacturing engineering for typical mining and metallurgical products
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