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Abstract: The abandoned mining areas left after the exploitation of mineral resources pose a serious threat to production
safety. The precise detection of these areas is a prerequisite for effective management and disaster prevention. Although the
mainstream geophysical exploration methods such as seismic imaging, high-density resistivity, and transient electromagnetic
methods each have their advantages in detecting concealed mining areas, they generally suffer from limitations such as
restricted detection range and insufficient accuracy. In contrast,the emerging three-dimensional laser scanning technology can
directly and rapidly obtain high-precision three-dimensional spatial information of the mining areas, demonstrating unique
value in the detailed detection of the morphology of the mining areas, calculation of the volume of the voids, and realization
of visual analysis. This paper focuses on elaborating the basic principles, advantages and disadvantages, and applicable
conditions of various methods, and points out that the three-dimensional laser scanning technology with a combined
operation mode has more advantages. Through application cases, the practicality of this technology is further verified. The

conclusion is that the three-dimensional laser scanning technology will bring convenience to the precise detection, stability
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assessment, and guidance of mining area management, and is an important supplement and improvement to traditional
geophysical exploration methods, with broad application prospects.
Keywords: Abandoned area detection; High-density resistivity; Seismic imaging method; Transient electromagnetic method;

Three-dimensional laser scanning
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Fig. 1 Schematic diagram of the principle of high-density resistivity method
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Fig. 2 Waveform Propagation Path Diagram
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Fig. 3 Schematic Diagram of the Principle of Transient Electromagnetic Method
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Fig. 4 Schematic Diagram of 3D Laser Scanning Principle
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Fig. 5 Handheld 3D Laser Scanner
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Fig. 6 Anti-collision Unmanned Aerial Vehicle Scanning System
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Fig. 7 Data Acquisition Process
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Fig. 8 Point cloud data of the mined-out area

3 4

AR RGER LA T s B v IR . MMM . DR RS S IR EOR 5 = o
HORTE A KB IR, A3 DL R Rk

(1) AEGEIRTT A1 el N S P T %A A3, (ELH 3 774 22 e 1A50KS 1 A B
S I 45 R B

(2) MILbZ T, ZHBOCHBEAR A LI, SRR SR ERHARR S, B B3R
R X B SE = e MBS S S S0, SCHL T SR A X ks B

(3) TALRFISEEIFRMT, 2T RRE0 22 4. o R0 58 B T HE N8 B 1 ST % [X 1) 4o
PR, R KRB R T RS SR T AR T B0 AT S O S

LE TR, A X HINTE AR R M ESR T A AR R BHIEAR, = RE0s M E AR %k R i
FebE—I, FBEETEO LRI T SRR, R BT S R AL HERE R S A O A
F.

SE IR

[11 R, kg, Bk, & RETLRTXEABIEMALZRI]. 248505 T, 2022, 29(04): 220-230.
[2]1 FAK, PMERL, ZEEIMS, S5 MR LR A KRN K S5 iR B R 5 R [J]. 4@, 2013, (11): 1-4+138.
[3] MM, IR, HiEm. N LR XA BT R AU [0]. SRR, 2024, 24(04): 132-136.

[4] FVh £RBESEY LR XPUR 518 B KA 0r[I]. A (48, 2023, (02): 190-192.

[5]1 JEUKHE, 2308, @ B B ERIEE RS B R X & R IR )] Wik A G488, 2024, 40(01): 8-12.
[6] L. SGEVHRBARTEMRA SN K2 X s b i R[], B #hsg, 2021, 47(02): 76-81.

111



F2 BEHEE %2 3

[7] ZRigve, FYEE, FRRM, 5. B B R A AR 78 R 25 X BRI A i B A (0], SR9R 15 B 5 T8, 2023, 38(02):
33-36.

[8] SFETe, T, A, 5. 5T ook (Al B SR W 42 B B2 E ). RIFBOK, 2025, 45(02): 141-147.

[91 ALFEES, ATEH, ®RWL. Z4EOBHREALE E iy ILAERK R A 7R SR, 2021, 41(12): 154-160.

[10] FRRUE, FTEMHT, K, 5. =4EBOCHEBMIEFEAR KR BRI Bot 54058, 2021, 51(09): 1115-1122.

[11] SOETH. WBEAS piE A R WUGETEH NS SR T R[], REURER 552, 2023, 48(06): 148-149+152.

[12] #h%ise, EEF, FWH. SGA 4RO RMBARTE RSN & 4 2 XERM S A ], JARE L, 2022, 38(03):
219-222.

EEWH: LUAEARFEES, T LIDAR A K 17 Hs F 2% [ 22 45 W 0 56 8 £ R 0T 5%
(ZR2023MD027)-

VBN B R (1989, F, AR, TR, BFFETE: HBHEMNL. Emnail
zyl16315450@163.com.

* BWEZ RN KR (1999-), B, WiLER A, BRI S S HEAH.  E-mail:
w1250101309@163.com.

112



