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Abstract: As a crucial energy resource, coal mines are characterized by complex structures, confined spaces, and insufficient
illumination in their underground environments, posing significant challenges to fine-grained 3D perception and modeling. High-
precision 3D reconstruction is not only a key factor in ensuring mining operation safety but also serves as an essential foundation for
analyzing stratigraphic structures, constructing transparent geological systems, and monitoring dynamic environments. To address

the limitations of traditional single-sensor approaches in underground scenarios, such as severe occlusion, high noise interference,
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and limited modeling accuracy: this paper proposes a multi-sensor fusion-based 3D modeling method. The approach involves
deploying a multi-line LiIDAR array on a roadway cleaning vehicle and integrating visual and millimeter-wave radar data. By
employing an automatic stitching strategy that combines local feature description and parameter estimation, stable geometric and
texture features from multi-source data are extracted. A two-stage fusion method is adopted, which integrates initial registration
based on feature matching and fine registration optimized via probability distribution, effectively overcoming matching ambiguities
caused by repetitive structures, dynamic interference, and varying lighting conditions in underground environments. This process
progressively constructs a global 3D model of the underground roadway. Experimental results demonstrate that the proposed
method achieves an average registration error of less than 0.12 m in coal mine roadway environments, improves stitching efficiency
by approximately 47% compared to conventional methods, and reaches a target recognition accuracy of 92.7%. The findings
confirm that multi-source information fusion significantly enhances the accuracy and robustness of 3D modeling in underground coal

mines, providing reliable data support and technical reference for intelligent stratigraphic modeling, transparent geological

construction, and the advancement of smart mining.

Key words: underground coal mine; multi-sensor fusion; point cloud registration; environmental perception; lazer radar.
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Fig.1 Layout diagram of sensor system for roadway cleaning vehicle
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Fig.2 Schematic diagram of laser beam layout
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Fig.3 Schematic diagram of roof LiDAR installation
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Fig.4 Point cloud splicing
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Fig.13 Mapping effect under different degrees of water mist
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Table 1 Distance estimation results in multi-target scenarios

F AR5 Yy Fedli vk REANTIIERS (m) S0 BE B (m)
FINL AR G R4 10.25 10.12
T2 A IE M EE A B2 7.68 7.80
L] Y 3.41 3.50

AT RE DR R R Y B R« EBE YOLOVS 1R S 3
flt I b A DO AE B2, PR JHC A 3 B 550G 8 ) A R 1Y
A L SR FRATT X L AT T OC B i DL B O
IESR

N 28 < B I 26 ) B A G AR TE Y 358
B (RGB) Y& % 63, LA I 390 RGB E & IR
J3E PR 22 0 T

RS HLEI ST TERRAE 4 F 3 W 25 (FPN)
WA T BB EE A (CBAM) . B RE S| &
P 2 76 I 25 R4 B A AR v, Ol R L OGRS S
L 51 T A A S A S R (B, A H
B 19 T 8 BT A LA LR R AE Y R R 4 i
%), DN A S0 R TR i Ry A B K 55 A ok 1Y
ORI T

% B ARSI J7 15 HE R 0] 38 92.7 %6, BE B Ak
BB i% 22 0 0.15 m, [Jl i, SR IEAG & 400 52
BEE, BRATEE T T AT 03 it i) s A 00 4 3 e Ak
BN ST €971 N U L S O = B N G o o = D 4 B
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Fig.14 Point cloud effect display
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Fig.15 Point cloud splicing effect at roadway intersection
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Fig.16 Opposite lane oncoming traffic
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Table 2 Comparative experimental results

PERESE bR LEPE-ICP ICP & NDT 4 i
E() 0.076 0.112 0.095
E,(m) 0.12 0.18 0.16

FERT(s) 0.22 0.36 0.31

Hay A AR TR B PR R R R MU E R T T
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