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Abstract

Aiming at the bottlenecks such as “data silos”, weak system collaboration and slow safety response
in the intelligent transformation of mines in Shanxi Province, this paper designs and implements a
multi-modal perception collaboration platform based on 5G and edge intelligence. The platform
adopts a hierarchical microservice architecture, with its core innovation lying in the construction
of a dynamic rule engine that supports visual orchestration, as well as the proposal of a hybrid data
fusion algorithm combining Kalman filtering and LSTM network, so as to realize spatio-temporal
alignment and quality optimization of multi-source heterogeneous data. Through the “Mine Brain”
client and the linkage control module, closed-loop management and control of all elements including
personnel, equipment and environment are achieved. Industrial tests conducted in a large copper
mine in Shanxi Province show that the platform improves equipment fault detection efficiency by
more than 40% and reduces the average handling time of safety incidents to less than 15 minutes.
This work not only verifies the technical effectiveness of the platform, but also demonstrates the
feasibility of its popularization in small and medium-sized mines through cost-benefit analysis and
necessity analysis of 5G application.

Keywords

Intelligent Mine, Perception Collaboration, Rule Engine, 5G, Edge Computing, Intelligent Linkage

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|18

A L 5 B b DR e [ 5K R 22 A S HESNA M e o B K R R B [ 1] LU PR 48 1y B B e s Skt
FETESE “RRetbi AN BN B b, e 2R E0E Tl WS RGN A 22 4 BT
J& S PR BRAR 2] o

ITAER, W AR R EA L BRGNS T KA . 75 OB F- & 7T, Wang Z6[3]4&H
(IR 25 280 it B s BN S SV A 4R AL 1T TT 2 MEING RIS, Liu 5 A [4]0 TAESIE 1
¥ AL BERUR TR I DARAR ISR AT WirE 205 BRE 7T, SO0~ /R S8 (5] 5 IR 4
IR 6145) iz N TR TR AR T S . SR, AR ZRET R —EARS, = — e iiim
CORFNL LA RO PUT” AEES, HFSCRRILSS N DA R IS SN ) RGUEAELL . AR AR an e —
ANRIRERE S TG E R 51 8, K it () B SR A S bR ) e 5 A5 AR TR P b S i 2 1 R 7]

BEXT B, ARSCHRH S T —ANMET 56 SIGE RER) 2SR A FET G . A TAER 3T
BRTET: 1) Wk ISl T — SR BT AL R I rT AR 51 88, A e 2 YR30 5L 547 30 <
BEAAX 75 2) $EH T — PR ER A& 55, A RURIR T I Z AT T SRR 0 55 5 RS B )
3) AR T I RGNS LI, I MEERIERE . ARG K 5G B EMEEZ AR, AR
WE T %5 A BT AT I, REIZEETIL, JUHGR RN L R A OSSR AL T B A S B M E AR

2. RGBT
HSEIL B AR, ABRRA T W0 1 PRI R A ARG . AR B RS B

DOI: 10.12677/me.2026.141003 21 il TR


https://doi.org/10.12677/me.2026.141003
http://creativecommons.org/licenses/by/4.0/

e, HiNH

TRIET KRG BN R RS S RAE 3]

BIERER: (FARGER, AZEdWEZ I UER A CCEF Modbus, OPC UA, RTSP %%), 4t
—EANSNE TS . UWB S L5l . & R IR N FLIn . by R ) S RS AR IS (AN
B )RR Z AR, WRAS Bk 7R BN AR L IR R

Bl ab )z : ¥ Apache Flink Jiz0it 551 % 5 InfluxDB i P30 22, 51 500 i s e A\ S 3k 475K
WEVE. BRI SRG AT, ZERA TET R/REIEK S LSTM MR G HHRR & 555, B3
T TAEN IR RIS N AR TR S — 8, v BRI SR T B R S

WA EHE: R &SI eI O HAZ LA “RN 51 E " R Rete HIEAE JHERE
i, FEPRAL T PR RN g HE AL, SOV P s I gy R e SR A L 55 8 R S B SR
“ORIEIECEN G W TR APAT IR LR, BRBNEE R SRR, RS I - SR - AT
ZGEN: NS

N R4S )2 il —2H e SCR 4 RESTful API [7] Web it £ 303 & 58 = J7 k45 R 40(W1 MES, EAM)
PG — AR SR 582 1 . AT 4 KA Docker 55 Kubernetes Fi AR T2 240 H SEH, MR TR
G e n] R S R e A e

¥ HARSE O BHigEsSRe

ﬂ”‘ HZHRREQ

' BRI S n FUAR/eu i ﬂ( AT ENS B (MES/EAM) H8LAE (Docker/K8s)

S5 AEFEE

SHHMESIER
@ vz B snuamans B ssuans @ sxamoo

mEsAEER
8| miggER

SR E R

E' Uit HE IR (Apache .: B SR

Flink}) & (InfluxDB/TDengine) F i e '- s

HiEE i SR

HIERERE

SSL/TLSHIES W

@ aszezerseovn B owemmenze

" HRfEESR(REN. 8L & ’ IREREEERIED. B
RE) E)

‘ S ihiER 2 (Modbus/OPC
UA/HTTP)

Figure 1. Perceptual collaboration technical architecture diagram
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Figure 2. Flowchart of hybrid data fusion algorithm
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Figure 3. Perceptual collaboration functional architecture diagram
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