TARRL2EEIR, 46 46 42, 45 10 1. 1713-1727, 2024 4F 10 A
Chinese Journal of Engineering, Vol. 46, No. 10: 1713—1727, October 2024
https://doi.org/10.13374/j.issn2095-9389.2023.12.07.001; http://cje.ustb.edu.cn

RO NS B e VA 5, N v

IEK, R £, BARY, & &, K 1

rrE SRR B S TR B, tRJH 221116
DR {5 /E 4, E-mail: chunyuyang@cumt.edu.cn

B F FREEN ERREIRES M PGS TR B IR A 5 RO R 5 OC [ SRR 4 4, ST RE AR I e Tl i o R
Fh 2Z g M s ] S AR %”IM”EF §REAL SR A, M0 00 E AL BT T IR T A fir e 4, AR R, $ w2 1)
JH, BEARE AT WA 0 b LRSS S A iT L, ARk 2 ) P 2 B, il BRI S 2%, S HRAR AN R, X0 T8 L AR T
BEOR. BIGEHE IE NRRR 5 B E AL, B RGN T TR A 2 | ST RUIR PR VLT | R T 5 LK 2 A R
) DU R A S B LS T3 DU 2R R 6 B B ARSIt 7 S 2EAT T PRARVIE, 20 IF U998 TR 3l R 5 (02 R GE i e
Yo of A 7 BRI R | RS S UE LR IE RME . 22U & 5 UE AT I VERE TR L Bk 2 R AIFRESS T2 PRI ROR AT L5 &
R Z RGO R b E AL RE ST, LA SN 07 A SRR B (0 5 (07 58, $-THJCAE S (oL . L2 e (L BE T, o 2 oz £ B B R L

R
FHEIR R R LL; B R e s B2 BRZS B]; ST DA IR REE
NS TD67

Recent advances in research on underground space positioning technology for coal
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ABSTRACT Efficient coal mining is essential for ensuring China’s energy security, and the advancement toward intelligent coal
mining represents a strategic move to foster high-quality development within the coal industry. The cornerstone of realizing intelligent
coal mines lies in underground space positioning technology. Accurate positioning is crucial not only for safeguarding miner safety but
also for optimizing mining operations, improving equipment utilization and minimizing operational costs. The unique challenges of
underground mining, such as the absence of satellite navigation signals, restricted and confined operating environments, and harsh
electromagnetic and lighting conditions, place new requirements on positioning techniques. This paper focuses on the localization issues
specific to underground coal mines, offering a systematic overview of four fundamental localization techniques: range intersection,
database matching, dead reckoning, and multisource information fusion. Range intersection determines location by utilizing distance
measurements obtained through various methods. Database matching employs online measurements to match against characteristics
stored in a database. Dead reckoning calculates the current location by integrating measurements over time. Lastly, multisource
information fusion enhances positioning accuracy by combining data from multiple sources. The paper further reviews detailed
implementation schemes of these four positioning technologies in coal mines, highlighting typical sensors or systems and summarizing

current research developments. For range intersection methods, methods such as visible light, ultrasonic, wireless local area network,
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bluetooth, ultra-wideband, and infrared positioning are examined. Database matching positioning methods include geomagnetic, gravity,
and radio fingerprint positioning systems. Dead reckoning techniques cover inertial navigation, pedestrian navigation, and odometers,
while multisource information fusion focuses on integrated navigation and simultaneous localization and mapping. Moreover, the paper
identifies key challenges confronting underground positioning systems in coal mines. These challenges encompass the increasing
inaccuracies in absolute localization methods, difficulties in correcting dead reckoning localizations, performance declines in multisource
fusion localization methods, and the absence of comprehensive standardization. Given the complex environment of coal mines, there is
still much room for improving the accuracy and reliability of underground positioning. To address these challenges, this paper proposes
several avenues for improvement. Enhancing the performance of the positioning systems might involve fostering collaboration across
multiple systems, incorporating brain-inspired navigation to explore new localization solutions, and strengthening seamless and
emergency localization capabilities. Furthermore, in today’s interconnected intelligent age, the privacy and security aspects of
positioning systems warrant careful consideration.
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Fig.1 Schematic diagram of typical underground mine environment
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Fig.11 Workflow of the positioning system algorithm based on a virtual access point
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Fig.12  Attenuation of GNSS signals under different environment: (a) deep open cast mine; (b) underground mine
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Fig.13 Principle of the tightly coupled positioning method for coal mine robots based on UWB and IMU*?
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Table 1 Summary of different positioning technology solutions

Technology Positioning accuracy Relative cost Advantages Shortcomings
It can rely on the LED lights already . . .
Visible light 12m Low deployed in the room and is not affected Accuracy suffering from non-line-of:sight

by radio wave interference.

Ultrasonic wave 1-10 cm High
WLAN 2-50 m Low
Bluetooth 2-10m Low
UWB 10-30 cm High

Independent of external circumstances,
have comprehensive output with high
frequency

Information is comprehensive and not
divergent, less affected by interference.
Real-time positioning and map building
without prior information

Inertial navigation Cumulative error Expensive
UWB/IMU 10-30 cm Expensive
SLAM Cumulative error High

High positioning accuracy

The cost is low, and it has a strong
communication capability.

The equipment is small in size, easy to
integrate and easy to popularize.

High accuracy, strong anti-interference
capability, and low power consumption

High reliability without interference

problems

Affected by ambient temperature and
humidity, short transmission distance

Susceptible to environmental disturbances

Short propagation distance and poor
stability

High cost and low coverage

Difficult to build the geomagnetic map in
advance

With cumulative errors, not suitable for
long-term use

High cost and lack of environmental
awareness ability

High terminal and base station costs,
greatly affected by dust and light
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