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ABSTRACT Deep mining is an inevitable trend in the exploitation of metal resources owing to their increasing demand. The multifield
coupling environment for deep mining, which includes a high in situ stress, high temperature, high hydraulic pressure, and strong
disturbances from excavations, pose considerable challenges to mining safety and efficiency. Intelligent or smart mining is a key to
revolutionizing the mining industry. Therefore, for promoting the intelligent transformation and upgrading of the mining industry, the
study of intelligent mining technologies for deep mines has a considerable strategic significance. Based on the strategic background of
mining deep resources, this study investigated future technological strategies for exploiting deep metal resources toward 2035. Global
technological trends on deep intelligent mining subject to multifield couplings were analyzed using technological forecasting methods.
Hot research topics and advanced technologies related to intelligent deep mining subject to multifield couplings were obtained. Based on
experts’ opinions and analyses, key fundamental theories and techniques for intelligent deep mining toward 2035 were proposed. There
are three promising mining methods: unconventional deep mining methods without blasting, continuous pastes backfill mining in deep

mines, integration of mining, mineral beneficiation and backfill. Advanced technologies can be divided into three types: (1) smart
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perception of the deep mining environment, (2) intelligent working during deep mining, and (3) intelligent control of mining systems.
Type 1 includes intelligent in situ stress measurements, the intelligent identification of rock mass structures, microseismic monitoring
and early warning of disasters, intelligent underground space exploration, and intelligent perception of man—machine systems. Type 2
includes intelligent full-section well excavation equipment, intelligent support technology and equipment, intelligent continuous mining
technology and equipment, unmanned intelligent mining equipment, and intelligent lifting technology and equipment. Type 3 includes
the intelligent control of the filling system, intelligent control of the microclimate in tunnels, flexible data communication on working
faces, intelligent scheduling for the entire life cycle of deep mining, intelligent scheduling of the entire mining process, integrated
platform for mining management, and big data analysis for deep mining. Technological strategies, key tasks, and a technical roadmap for
2035 were proposed for intelligent deep mining subject to multifield couplings in China, including development targets and demands,
fundamental research areas, and key technologies and equipment. Technological development procedures to transform deep mining

technologies and improve mining intelligence were presented. Some suggestions were provided in terms of policies, industries,

technologies, and talent for intelligent deep mining.

KEY WORDS metal mine; deep mining; intelligent mining; multifield couplings; development strategy; technical roadmap
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Multifield couplings and intelligent mining in deep metal mines
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Milestone 2020 /) 2025 2030
' ™
To break through the key technologies of accurate detection of deep geological and in situ stress environment, intelligent
Tarcet disaster identification, and accurate control. To reveal the multifield coupling mechanism, intelligent mining and cooperative
& operation mechanism. To establish a deep multifield coupling intelligent mining technology system of metal mines combining
prevention, control and comprehensive utilization.
N s
s h . . . . . . . .. .. . .
To establish deep environment intelligent perception method, intelligent mining standard, mining big data analysis.
To build a theoretical system of deep resource intelligent mining. To overcome the intelligent detection of deep mining
conditions and intelligent mining technology, and gradually realize the new intelligent mining mode of unmanned
Demand underground and remote control on the well. To develop intelligent sensors and intelligent mining equipment for deep
mining with independent intellectual property rights, and build a big data management and control piatform for mine
cloud computing. To build a demonstration mine for intelligent mining of deep metal mines to provide support for
the development of national deep mineral resources.
p -
Development strategy of deep multifield coupling intelligent mining of metal mine by 2035
= Basic research direction = Key technical equipment
. Deep in situ stress measurement.and tectonic |,/ Intelligent sensing equipment for deep mining
stress field reconstruction \
"‘“’ Nonlinear constitutive model of deep rock mass o Develop new in situ stress testing equipment
o M -
pe-( 0 situ stress measurement technology of deep fragile rock mass > . _'_"Developmem of multifield coupling intelligent monitoring equipment
-I-c':' In situ stress measurement method based on optical meusuremem. ™ - - - -
- ~ ) ....\\ Continuous scanning equipment for rock mass structural plane >
L Real-time accurate location and identification method for deep high-stress accumulation area : .
- Fe-<_ Unmanned airborne laser scanning system in underground space ~ »
/ Constitutive relationship between deep multifield , N
= . . Le-<  Environmental key parameter detection and sensing instrument 3
environmental parameters and geophysical parameters -
Lo New geophysical exploration method ™ - Intelligent Operation equipment for the
- - - deep mining process
He- Accurate measurement of seepage field, temperature field and chemical field >
L Inversion method of envi al pa s based on ph 1 | field equation‘ -/- e Continuous mining equipment for deep metal mine >
|, Mechanical characteristics and failure mechanism -b- .Imelligem control technology of full section drilling..\:-
of rock mass under deep multifield coupllng He- .The intelligent control system of the roadway ventilation device
- .Intelhgent identification technology of ground-penetrating rock mass structure H U PR operation y of deep mining equipmem. y
-Ivf Intelligent identification technology of large-scale rock mass structure -
L Continuous moving scanning technology of rock mass discontinuity - Intelligent control equipment for deep mining
- The coupling mechanism of stress field, seepage field, and temperature ﬂeld\_‘
S . Changes of rock structure under deep high temperature and high pressure A - Integrated digital communication platform
. . <" Development of multifield coupling intelligent monitoring equipment
|, Theory and technology of deep intelligent - .

continuous mining and beneficiation

i ! Principle of intelligent continuous mining of deep metal ore ) >

- The intelligent technology of deep mining ..‘_.

S .. Dynamic inversion technology of stress field in mining process ) )

- Intelligent support technology of deep roadway zoning and classification
-p/ " The intelligent decision algorithm for filling parameters N

-p\ Intelligent operation technology of mine filling process
/

L-  Intelligent matching and accurate preparation technology

B 6

Adaptive intelligent control technology and system for entire mining *
area and multisystem g

..Building amining big-data platform based on industrial hybrid cloud »

Tl 2035 AYF A LR IA

Fig.6 Technological roadmap for 2035
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