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Abstract: Coal resources are the cornerstone of national energy security, with those in the ecologically
fragile regions of western China emerging as the primary battlefield for China’ s energy development.

How to effectively protect the fragile regional ecology while conducting large-scale and high-intensity
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coal mining has become a major challenge for current geological guarantee work to reduce losses. At
present, the rapid development of artificial intelligence( Al) provides a brand-new opportunity to recon-
cile the contradictions among the safe, green mining of coal resources and the protection of the fragile
regional ecological environment. Focusing on the goal of Al-enabled coal mining with minimized loss,
this paper systematically elucidates the connotation and implementation pathways of its geological guar-
antee. By leveraging artificial intelligence technologies including multi-source data fusion, deep learn-
ing, and digital twins, intelligent interpretation of multi-source geological data and automated three-di-
mensional geological modeling are conducted, thereby achieving precise identification and prediction of
geological conditions and damage patterns across the entire lifecycle( pre-mining, during-mining, post-
mining) . Geological big-data and intelligent interpretation platforms are constructed for the multi-pa-
rameter evolution in coal mining disturbance areas and optimized decisions for loss-reducing geological
guarantee projects are also put forward. An overall framework covering geological condition evaluation
before mining and subsequent geological condition reuse is proposed, with a knowledge graph of “geolo-
gy-mining-ecology” established as the theoretical foundation. Vulnerable zones and damage paths in
coal mining are predicted via deep learning methods, and corresponding adjustments are made to opti-
mize development process parameters and restoration schemes. Full-cycle intelligent decision-making
and engineering services for loss-reducing mining geological support are thus realized through the de-
ployment of a big-data model. Geological guarantee for loss-reducing mining is empowered by artificial
intelligence. In this way, the transparency, digitalization and intellectualization of coal mining in China
can be facilitated, and the transformation and upgrading of the coal industry can be promoted.

Key words: coal mining with reduced damage; geological guarantee; artificial intelligence; knowledge

graph; full-cycle service
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Fig.2 Keyword co-occurrence map
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Fig.4 Schematic diagram of coal seam identification and prediction
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Fig. 10 Framework of an intelligent decision-making platform for the whole life cycle of coal mining
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